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Abstract
Late Quaternary tectonic deformation of coastal areas is usually examined based on the height
distribution of paleo-shorelines observed on marine terraces. However, it is di�cult to examine
deformation along the subduction zone, in which small, isolated islands are distributed. In this paper, we
focus on the widespread shallow submarine terraces surrounding the Iheya-Izena islands in the middle
part of the Nanseishoto islands, where crustal deformation is not known. The islands are located in the
intermediate zone between island shelf uplifted during the Late Quaternary and the rift zone occurred to
the northwest, along the Okinawa trough.

Detailed topographic anaglyph images and maps of the islands were produced using a digital elevation
model (DEM) of the sea�oor, which is stored by the Japan Coast Gard (JCG) and the Advanced Institute
of Science and Technology (AIST). Topographic anaglyph images enabled us to identify the widespread
distribution and deformation of the shallow sea�oor above −200 m using red-cyan glasses.

Four terrace-like features divided by small steps were found on the shallow sea�oor, which are named T1,
T2, T3, and T4, in descending order. Topographic expressions of paleo-shoreline depths are preserved on
submarine terraces formed during the last glacial period. The paleo-shoreline depths of terraces T2 and
T3 are −60 m and −70 m on the west side and −70 m and −80 m, respectively, on the east side of
Iheyajima island; this indicates southeastward tilting. The tilting ratio of T2 and T3 was calculated to
approximately 1‰. The tilting rate is approximately 1×10^4/kyr, assuming that the T2 was formed in
10–11 kyr. This is much more rapid than that of the last inter-glacial marine terraces in the Muroto
peninsula, with a tilting rate of 4×10^5/kyr, which formed by steep northward tilting against the Nankai
subduction zone. We suggest that this phenomenon is not related to mega-thrusting along the
subduction zone, but rather to local deformation, probably caused by the reverse faulting of nearby active
submarine faults along the west side of the islands.

Introduction
Late Quaternary tectonic deformation of coastal areas is usually examined using height distribution of
paleo-shorelines observed on marine terraces (Ota 1968; Nakata 1970). For example, in the outer zone of
Southeast Japan along the Nankai trough, the northward tilting of paleo-shore lines on Pleistocene and
Holocene terraces has been reported, and relationships between coseismic deformation caused by mega-
thrusting along the trough and inter-seismic deformation have been discussed (Yoshikawa et al. 1964;
Maemoku 1988). However, it remains di�cult to examine deformation along the subduction zone, where
small, isolated islands, such as the Nanseishoto islands, are distributed.

Shallow-sea features, such as cliffs and terraces, can provide essential information regarding
topographical evolution and crustal movement, since the development of submarine topography above
−120 m has become relevant for sea-level changes after the last glacial age (Martinez-Martos 2016).
Since the 2000s, digital elevation models (DEM) surveyed by multi-beam sound systems have been
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acquired, and tectonic geomorphological studies in coastal areas have substantially progressed
(Matsumoto et al. 2009; Arai et al. 2016). Active inland faults in the outer zone of Southeast Japan were
revealed to extend to the northwestward sea�oor according to interpretation of coastal topographical
maps and images of the Kikukawa fault (Ito and Izumi 2009; Sugiyama et al. 2010), the Nishiyama fault
(Sato and Ito 2011), and the Tsujimiya fault on Yoronjima island (Goto et al. 2018). Using examples from
Santa Catalina Island near the San-Andreas fault, Schumann et al. (2012) showed that the submerged
terraces at depths greater than approximately −90 to −120 m can indicate crustal deformation.

Herein, we focus on the widespread shallow submarine terraces around the Iheya-Izena islands, which
exhibit indistinct marine terraces in the middle part of the Nanseishoto islands. We examined height
differences between paleo-shore lines and displacements of the submarine terrace based on coastal
topography showing the sea�oor DEM surveyed by multi-beam systems together with an inland digital
surface model (DSM) produced using aerial photography. We demonstrate that the shallow sea�oor
topography surrounding these isolated, small islands preserves useful information for understanding
tectonic deformation.

Tectonic Settings

The Nanseishoto islands are distributed in an arc-shape on the island shelf of the Ryukyu arc, which
formed during the subduction of the Philippine Sea plate beneath the Eurasia plate along the
Nanseishoto trench (Figure 1). The Okinawa trough, parallel to the Nanseishoto islands, is a back-arc
basin developed as a result of continental lithospheric extension behind the Nanseishoto trench since the
Middle to Late Miocene (Sibuet, et al. 1987). EW to ENE trending grabens associated with rifting extend
within the southwestern–middle region of the trough (Research Group for Active Faults in Japan 1991).
Several active volcanos are aligned along the trough throughout the middle and northern regions
(Geological Survey of Japan 2013).

In the middle part of the Nanseishoto islands, the islands of Tokunoshima, Okinoerabu-jima, and
Yoronjima are distributed on the island shelf, between the Amami-Oshima and Okinawa islands (Figure
1B). The Iheya-Izena islands, including Iheyajima, Gushikawajima, Izenajima, and Yanahajima extend
approximately 30 km northeast of Okinawajima and Yoronjima islands. Well-developed coral reefs occur
along the Iheya-Izena islands, as well as on the island shelf. However, the islands of the island shelf, such
as the Yoronjima and Okinoerabu-jima islands, were deposited on top of the coral marine terraces,
whereas indistinct, low, small marine terraces occur on the Iheya-Izena islands. Furthermore,
approximately 50 km off the northwest coast of the Iheya-Izena islands, ENE trending active normal
faults and thermal springs related to rifting have been observed at the sea�oor (Research Group for
Active Faults in Japan 1991). These features suggest that the Iheya-Izena islands are located in the
intermediate zone between the island shelf and the rift zone of the middle part of the Nanseishoto
islands.

Active tectonics between the Nanseishoto trench and Okinawa trough have received limited attention
because the isolated islands in this region are widely distributed, and geodetic stations on these islands
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are located at irregular intervals. Previous geodetic studies have suggested that the coupling of the plate
boundary between the Eurasian and Philippine sea plates along the Ryukyu arc is quite weak (Nakamura
and Kawashima 2000), recognized only in a limited zone near the trench axis (Tadokoro et al. 2018).

Previous studies of active faulting during the Late Pleistocene have noted several small active fault
strands cutting marine terraces on the island shelves of the islands of Tokunoshima, Okinoerabu-jima,
and Yoronjima (Research Group for Active Faults in Japan 1991); however, there are as yet no reports of
active faulting around the Iheyajima and Izenajima islands. This may be because certain areas of the
islands and terraces have limited exposure, and there is a lack of detailed topographic data.

The Yoron basin to the east of the Iheya-Izena islands is thought to be a half-graben, leading to the
hypothesis that cliffs were taller than 500 m on the eastern side of the Yoron basin were normal fault
scarps (Arai et al. 2018). On the other hand, Pleistocene marine terraces and sea�oor to the north of
Yoronjima island exhibit anticlinal deformation with an axis extending parallel to the general trend of the
island shelf (Goto et al. 2018); this suggests a need for the re-examination of active tectonics based on
the tectonic geomorphology of the inland and sea�oor regions.

No study has been conducted for the Late Pleistocene deformation of Iheya island, although normal
faults are estimated to extend along the cliff off the west coast of Iheyajima island (Arai et al. 2015). It is
challenging to observe deformation around Iheyajima island because this NE-trending narrow island has
a maximum width of only 3 km. Therefore, we focus on analyzing the widespread submarine terraces
around the Iheyaj-Izena islands as a tool to examine crustal deformation in the intermediate zone
between the island shelf and the rift zone.

Method And Materials
1. Collecting and processing sea�oor DEM

We collected data for the sea�oor DEM from several organizations and researchers. The Japan Coast
Gard (JCG) conducted a multi-beam survey (MBS) along the shallow sea�oor off the northwestern coast
of Okinawa island from 2008 to 2012 (Yasuhara, 2013) (Figure 1C). The National Institute of AIST also
obtained the DEM of the deep sea�oor by MBS around the middle part of the Nanseishoto islands in
2012 (Sato et al. 2013). Using these data from JCG and AIST, we generated 1.44-s-mesh (approximately
44 m) data of sea�oor DEMs from the JCG dataset and 0.65-s-mesh (approximately 20 m) from the AIST
dataset.

JAMSTEC (2020) stored and disseminated information regarding rock and sediment core samples, as
well as the results of the MBS on their website, “Data and Sample Research System for Whole Cruise
Information in JAMSTEC (Darwin).” We retrieved these data from the JAMSTEC website and generated
2.03-s-mesh (approximately 63 m) data of sea�oor DEM.
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We reprocessed the 2.08-s-mesh (approximately 64 m) DEM using digital bathymetric charts (M7020)
with 1–2 m interval counters proposed by the Japan Hydrographic Association (JHA) following the
methods of Goto (2013) and combined these DEMs with the 9.69-s-mesh (approximately 300 m) DEM (J-
EGG500) published by the JCG. DEMs were overlapped according to their decreasing resolutions (Figure
1C).

2. Producing topographical anaglyph

We imported sea�oor DEMs and the 30-m-mesh ALOS DSM into Simple DEM Viewer ® in order to
produce topographic anaglyph images (Figure 2A). When topographic anaglyph images are viewed using
red-cyan glasses, topographic relief features can be easily identi�ed (Goto 2016). Anaglyphs produced
using DEM data are effective tools from which to identify tectonic geomorphic features, such as small
fault scarps, broad ground deformation, and tilting surfaces over extensive areas (Goto 2018; Goto et al.
2017). In this study, we produced an anaglyph map overlapped onto the black and white slope shading
base map as well as contour lines indicating deformation.

3. Producing the inland DSM

We identi�ed several strands of submarine fault scarps east of Izenajima island. This enabled us to
reconstruct an accurate previous topographic model, thereby evaluating deformation on the land of
Izenajima island. However, the 10-m mesh DEM published by the Geospatial Information Authority of
Japan (GSI) provides the highest resolution publicly available data for the island. This DEM was created
from contours based on present topography, such that previous topographies, e.g., terraces and small
scarps, are not visible. The topographies of partially destroyed, large, square, �at cultivated �elds
throughout Iheyajima island are visible in the oldest existing large-scale color photographs, aerial
photographs taken during the 1970s.

The software used adopted SfM (Structure from Motion)-MVS (Multi-View Stereo) technology, such as
Agisoft PhotoScan ®, enabling the creation of topographical models using aerial photographs and
geographical coordinates as ground control points (GCPs). We adapted vintage colored GSI (COK-77-1)
photographs taken in 1977 at a scale of approximately 1:10,000, and longitude and latitude information
from points on the ground matched with a topographical map at a scale of 1:10,000 (Geographical
Survey Institute of Japan); this information was processed using PhotoScan Professional Edition ®
version 1.2.6, following the methods of Goto (2015) and Goto et al. (2018). This enabled us to generate a
0.12-s-mesh (approximately 3 m) inland DSM (Figure 3). To evaluate the precision of the constructed
map, we obtained the present longitude and latitude information at unalterable points using GNSS
(Spectra Precision Promark 120) in the �eld.

The GCP residual error was approximately 0.26 m. Validation using nine points demonstrated that this
DSM exhibits a maximum root mean squared error (RMSE) of 0.67 m. We observed no inclination or
distortion in the model itself. This DSM is thus su�ciently accurate to identify and measure the marine
terraces and fault scarp.
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Results
1. Classi�cation of submarine terraces

Around Iheya-Izena islands, the shallow sea�oor above −200 m is parallel to the NW-trending islands
approximately 10 km to the north and 20 km to the south (Figure 2). Several terrace-like features divided
by small steps are found on the shallow sea�oor. The surface of the shallow sea�oor may be divided into
four terraces by means of the interpretation of the stereoscopic anaglyph image; these terraces are
named T1, T2, T3, and T4, in descending order (Figure 2B and 4).

The surface of T2 distributed at depths between −50 m and −80 m is the most prominent, with a
maximum width of approximately 3 km; it surrounds the Iheya-Izena islands, with the exception of the
northeastern part. The surface of T2 is bounded on T3 by a continuous steep slope with a height of <10
m. The surface of T2 is relatively �at compared with modern coral reefs; however, it is characterized by
topographic features, including small mounts distributed along the outer margin of the surface and a
shallow depression along its inner edge. The upper heights of T2 at the west and east of Iheyajima island
are −60 m and −70 m, respectively (Figure 4).

The T1 terrace is bounded on its inner edge by the indented foot of modern coral reefs at depths of
approximately −20 m. The outer margin of T1 extends intermittently around the islands. The top of this
terrace reaches up to approximately −30 m in depth and has an uneven surface. Thus, the distribution of
T1 is challenging to identify. A slightly higher area among the uneven surfaces was observed along the
outer margin of T1, as is typically observed at the western side of the islands. This topographical feature
is similar to that seen in both T2 and the modern coral reef, suggesting that both re�ect submarine coral
reefs, as mentioned in preliminary reports Yasuhara (2013).

T3 is distributed at depths between −70 m and −90 m, and is gently inclined toward the deep sea. It is
bounded by approximately 10 m high scarps to the east and west. Its surface is generally �at, with a few
small steps such that its surface features are different from those of T1 and T2; this suggests that T3 is
an erosional surface, not a submarine coral reef. The inner edges of this terrace are observed at depths of
approximately −70 m in the shallow western area and −80 m in the east, respectively.

T4 is distributed below −100 m and is clearly observed to the east of Iheyajima island. Its surface has a
width of less than 1 km and is gently inclined to the east. Small fragments of terraces below −100 m
remain to the west and southwest, and a well-de�ned step between T3 and T4 has not been recognized in
the northeast, i.e., these remnants cannot be correlated to T4.

2. Active fault scarp on the submarine terraces and on the island of Iheyajima island

Several active fault scarps displacing submarine terraces and inland marine terraces are observed on the
anaglyph map produced in this study (Figure 2). These WNW to NW trending scarps are divided into two
groups, named for the Izena fault zone and the Yanaha fault zone, respectively.
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The Izena fault zone is composed of two strands, termed FI-N for the north and FI-S for the south (Figure
2B). These extend from Izenajima island to the T1, T2, and T3 submarine terraces and into the Yoron
basin. Northward-facing scarps are distributed with southward convex shapes in map view. Distinct fault
scarps appear on terrace T2 with a height of approximately 15 m, along the foot of which small narrow
depressions are identi�ed (Figure 5A). Such topographic features are commonly observed along normal
faults.

Three steps of marine terraces are identi�ed on Izenajima island according to the interpretation of
topographic anaglyph from the detailed DSM; these are named for TI-1, TI-2, and TI-3, in descending order
(Figure 3 and 5B). Rounded or sub-rounded gravel beds with a thickness of 5 m or less were observed
beneath these terraces (Ujiie, 2000), suggesting that they represent erosional marine surfaces. Fault
scarps of FI-N, of approximately 10 m height, are present on TI-2 and TI-3 terraces (Figure 5C). The fault
scarps of FI-S extending along the northeastern side of the NW-trending central mountain with a height of
15 m on TI-2 are not distinct from submarine fault scarps on terrace T2 (Figure 5A and B).

The Yanaha fault zone, with a length of 20 km, is composed of two strands, named FY-N and FY-S
(Figure 2B). FY-N scarps, which face southward, are parallel to FY-S scarps facing northward, forming the
narrow shallow graben in the middle part of the Yanaha fault zone. FY-N scarps are approximately 30 m
high on terraces T2 and T3, and are not linear, but rather indented. The FY-S scarp on terrace T2 has a
height of <10 m, and is also indented. The inner terrace edge of T3 does not have a lateral offset along
this fault, suggesting that the Yanaha fault zone is characterized by normal faulting.

The WNW-trending tableland extends to the southern part of Yahanajima island, an uninhabited island
formed by an uplifted coral reef (Ujiie, 2000). Its linear structure may be observed from the modern coral
reef to the furthest extension of the northern foot of tableland in aerial photographs, suggesting that it is
displaced by FY-S (Figure 2).

3. Depth distribution of Paleo-shoreline on the submarine terrace

Paleo-shoreline depths were preserved in the topography of the submarine terraces during the last glacial
period. Since both the T1 and T2 terraces were formed as a coral reef, the depth of the reef crest indicates
the paleo-sea level at the time of terrace formation. The reef crest depth on T1, which is distributed over a
limited area, does not signi�cantly differ throughout its distribution.

On the other hand, the reef crest depth is −60 m on the west side and −70 m on the east side of Iheyajima
island (Figure 2B and 4A), where distinct terrace surfaces are developed, indicating southeastward tilting.
The shallow inner edges of T3 exit at a depth of −70 m at the west and −80 m at the east (Figure 2B and
4A), with the exception of areas in which active faults are distributed. This also indicates southeastward
tilting. The depth of the submarine terrace surfaces was displaced by these active faults, as mentioned
above, for example, the inner edge of T3 was clearly offset vertically with a height of approximately 30 m
along FY-N.
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Discussion And Conclusion
The paleo-shoreline of submarine terraces T2 and T3 reveal that the shallow area around the Iheya-Izena
islands tilted southeastward. Although Late Pleistocene marine terraces are distributed throughout these
islands (Koike and Machida 2001), the crustal deformation of the region has not known yet, primarily
because the islands are too small to detect such motions, and since they extend NE, i.e., perpendicular to
the tilting direction.

The gentle seaward platforms in the Nanseishoto islands have often been observed from the inner break
(IB) to the outer break (OB) at depths of 50–55 m, and are estimated to have formed around 10–11 kyr
before the present (Hori and Kayane, 2000). These platforms are correlated to T2 in the present study,
based on their distributed depth and topographical features.

Using the measured paleo-shoreline measured in this study, the tilting ratio of T2 and T3 around
Iheyajima island is calculated to approximately 1‰ (Figure 4A). The tilting rate is determined to be
approximately 1×10^4/kyr, assuming that T2 formed around 10–11 kyr before the present (Hori and
Kayane 2000). This is considerably faster than the tilting rates of the last inter-glacial marine terraces in
the Muroto peninsula, for which the corresponding rates are 4×10^5/kyr, and exhibit steep northward
tilting trends against the Nankai subduction zone (Yoshikawa et al. 1964). We suggest that this is not
related to the mega-thrust along the subduction, but rather to local deformation, probably caused by the
nearby active fault.

The active submarine faults extend along the west of the island shelf, up to 25 km away from the shallow
area (Arai et al. 2018; Goto et al. 2018) (Figure 1A and B). The movement of these faults cannot explain
the observed southeastward tilting due to the long distances involved. The NE-trending steep slope
reaches the northwest basin of the shallow area with a depth of −400 m, and is exposed along the
western margin of the shallow area, which is estimated to have formed by normal faulting (Arai et al.
2015). However, such rapid tilting rates have not been reported on the foot wall side of the normal fault.

On the other hand, convex slopes observed on the sea�oor along the foot of the steep slope (Figure 2 and
4A) seem to deform following the depositional surfaces of the sea basin, and exit within 3 km of the
steep slope in the north and within 7 km of that in the south. Such topographic features are often
observed along the foot of inland mountains uplifted by reverse faulting (Kaneda et al. 2005). Large
inclinations indicative of �uvial surfaces are recognized in the hanging wall of reverse faults (Figure 4B).
The rapid rate of tilting, with more than 10 km-long waves, can potentially be explained if the reverse fault
is extended along the foot of the steep slope. Uplifted coral reefs formed in approximately 5000–3500
yrsBP are reported only in the northwestern part of Iheyajima island (Pirazzoli and Koba 1989; Kawana
2001), and are concordant with the distribution of the convex slope.

These deformations and the distribution and style of active faults, including the FY and FI fault zone, can
possibly be explained if the horizontal compressive stress axis is perpendicular to the shallow area
studied, suggesting a similar stress environment throughout the island shelf; however, geodetic studies
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and geophysical investigations suggest that this area is under the tensional stress �eld related to the
Okinawa Trough. Taken together, these results show that shallow sea�oor topography can preserve
valuable information for understanding tectonic deformation, especially in isolated, small islands.

Abbreviations
AIST : Science and Technology; DEM: digital elevation model; DSM: digital surface model; GSI: Geospatial
Information Authority of Japan; JAMSTEC: Japan Agency for Marine-Earth Science and Technology; JCG:
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Figure 1

Index map of the study area (A, B) and using data from this study (C). Shaded relief maps overlain by
contour maps (A and B) use a 500 m mesh DEM (J-EGG500) from the Japanese Coast Gard (JCG), a 1-
degree mesh DEM (ETOPO 1) provided by the National Center for Environmental Information (U.S.A), and
inland SRTM-3 data provided by the U.S. Geological Survey (USGS). Red lines in (B) indicate active fault
lines identi�ed by the Research Group for Active Faults in Japan (1991), Arai et al. (2015), Goto et al.
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(2018), and Honza et al. (1977). C-1: 0.65-s-mesh DEM of Sato et al. (2013) and inland SRTM-3 data
provided by the USGS, C-2: 1.44-s-mesh DEM of Yasuhara (2013) and C-1, C-3: 2.03-s-mesh DEM data
from the Darwin website of the Japan Agency for Marine-Earth Science and Technology (JAMSTEC) and
C-2, C-4: 2.08-s-mesh DEM produced from the contour lines on the chart of the Japan Hydrographic
Association and C-3, C-5: 9.69-s-mesh DEM of the J-EGG500 from JCG and C-4. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.
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Figure 1

Index map of the study area (A, B) and using data from this study (C). Shaded relief maps overlain by
contour maps (A and B) use a 500 m mesh DEM (J-EGG500) from the Japanese Coast Gard (JCG), a 1-
degree mesh DEM (ETOPO 1) provided by the National Center for Environmental Information (U.S.A), and
inland SRTM-3 data provided by the U.S. Geological Survey (USGS). Red lines in (B) indicate active fault
lines identi�ed by the Research Group for Active Faults in Japan (1991), Arai et al. (2015), Goto et al.
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(2018), and Honza et al. (1977). C-1: 0.65-s-mesh DEM of Sato et al. (2013) and inland SRTM-3 data
provided by the USGS, C-2: 1.44-s-mesh DEM of Yasuhara (2013) and C-1, C-3: 2.03-s-mesh DEM data
from the Darwin website of the Japan Agency for Marine-Earth Science and Technology (JAMSTEC) and
C-2, C-4: 2.08-s-mesh DEM produced from the contour lines on the chart of the Japan Hydrographic
Association and C-3, C-5: 9.69-s-mesh DEM of the J-EGG500 from JCG and C-4. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.
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Figure 2

Topography in and around the Iheya-Izena islands. A: Topographic anaglyph with contour lines. B:
Distribution of submarine terraces and active faults. Arrows and red dashed lines indicate active fault
scarps and the base of convex slopes deformed according to the basin surface, respectively. Black
dashed lines show the locations of the topographical pro�les shown in Figure 4A and 5A. Note: The
designations employed and the presentation of the material on this map do not imply the expression of
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any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.

Figure 2

Topography in and around the Iheya-Izena islands. A: Topographic anaglyph with contour lines. B:
Distribution of submarine terraces and active faults. Arrows and red dashed lines indicate active fault



Page 19/26

scarps and the base of convex slopes deformed according to the basin surface, respectively. Black
dashed lines show the locations of the topographical pro�les shown in Figure 4A and 5A. Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.

Figure 3
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Distribution of marine terraces and active faults in Izenajima island. The topographical map is based on
the DSM processed from aerial photographs taken in 1974. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 3
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Distribution of marine terraces and active faults in Izenajima island. The topographical map is based on
the DSM processed from aerial photographs taken in 1974. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 4
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Topographic pro�les across the submarine terraces (A) and calculated vertical surface deformation (B).
A: Pro�le based on the DEM shown in Figure 1C. The locations of the pro�les used are shown in the lower
right map and Figure 2B. Downward open arrows indicate the boundaries of submarine terraces. B:
Vertical surface deformation across normal and reverse faults calculated by MICAP-G (Naito and
Yoshikawa 1999), based on Okada (1992). Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.
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Figure 4

Topographic pro�les across the submarine terraces (A) and calculated vertical surface deformation (B).
A: Pro�le based on the DEM shown in Figure 1C. The locations of the pro�les used are shown in the lower
right map and Figure 2B. Downward open arrows indicate the boundaries of submarine terraces. B:
Vertical surface deformation across normal and reverse faults calculated by MICAP-G (Naito and
Yoshikawa 1999), based on Okada (1992). Note: The designations employed and the presentation of the
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material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 5

Topographic pro�les across the Izenajima fault zone. A: Pro�le based on the DEM shown in Figure 1C. B,
C: Pro�le based on the inland DSM processed in this study. The locations of these pro�les are shown in
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Figures 2 and 3.

Figure 5

Topographic pro�les across the Izenajima fault zone. A: Pro�le based on the DEM shown in Figure 1C. B,
C: Pro�le based on the inland DSM processed in this study. The locations of these pro�les are shown in
Figures 2 and 3.
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