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Abstract: The 2024 Noto Peninsula earthquake (Mj7.6) resulted in widespread uplift of the northern
coast of the peninsula due to displacement along submarine active reverse faults off the peninsula.
Moreover, onshore surface deformation has been reported at several sites on the peninsula. Among them,
a narrow uplift zone accompanied by distinct scarps with heights on the order of meters that extend for
about 5 km in length and ~0.2 km in width appeared in an area where tectonically active structures were
previously not recognized in Wakayama Town, Suzu City. To understand the nature of uplift zone, we
mapped and surveyed the surface deformation in the field, in addition to examination of the high-
resolution topography using post-earthquake data from a LiDAR drone survey and a publicly available
pre-earthquake airborne LiDAR data. In the Naka area of Wakayama Town, a series of ENE-WSW to
WNW-ESE-trending, subparallel, and closely spaced scarps with a maximum height of 2.2 m appeared
in the rice paddies and roads intermittently along the east-flowing Wakayama River. Scarp morphology
and deformation of structures such as concrete gutters and paved roads suggest that those scarps were
formed by N-S shortening. The scarps face north near the right bank of the Wakayama River and south
near the left bank, and both facing each other. The rice paddies on the upthrown (south) side of the north-
facing scarps are tilted to the south, whereas those on the upthrown (north) side of the south-facing
scarps are tilted to the north. Based on the field observations and comparison of topographical data
before and after the earthquake, it is possible that activity accompanied by surface deformation similar
to that of the 2024 earthquake occurred in the past. In the Munesue area to the west of Naka area, a rice
paddy on the left bank is tilted to the northwest and a series of rice paddies on the right bank are tilted to
the southeast, with the northeastward flowing Wakayama River as the axis of uplift, as in the Naka area.
Considering that the surface deformation occurred along an anticlinal axis that deformed Miocene rocks
along the Wakayama River, the presence of landforms indicative of past activity with similar pattern to
the 2024 event, and the morphological and geometric characteristics of the surface deformation of the
2024 event, the surface deformation might be an expression of growth of the active anticline in response
to horizontal shortening.
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Fig. 1. Active structure and seismic activity in the northern Noto Peninsula and surrounding areas. Seismicity is indicated by orange
circles for those that occurred at depths shallower than 20 km from January 1, 2024 to January 31, 2024, using JMA unified
earthquake catalog (Japan Meteorological Agency, 2024b). The mainshock of the 2024 Noto Peninsula earthquake is indicated
by a red circle. Focal mechanism solution is the CMT solution for the mainshock by Japan Meteorological Agency (2024a). The
offshore and onshore active structures are after Inoue and Okamura (2010) and Ozaki (2010), respectively. The area of Fig. 2 is
indicated by yellow rectangle. Hillshading and bathymetry are from GSI Maps (Geospatial Information Authority of Japan,
2024a) and GEBCO 2023 (GEBCO, 2024), respectively.
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Map showing the relationship between the location of surface deformation that appeared in Wakayama Town, Suzu City,
following the 2024 Noto Peninsula earthquake and pre-existing geologic structures. The distribution of the surface deformation
is based on the examination of aerial photographs taken on January 2, 2024, by Geospatial Information Authority of Japan (GSI)
(Geospatial Information Authority of Japan, 2024c), analysis of ultra-fine-scale topographic data from a drone LiDAR
measurement acquired by Chuo Kaihatsu Corporation on March 13, 2024, and field investigation. Background map is the
geologic map by Yoshikawa et al. (2002) overlaying the hillshade map created using Aero Asahi Corporation (2024). The areas
in Figs. 3, 4 and 8a are indicated by white frames. Black tick marks on the left and bottom of the black frame are coordinates in
meters from the Japan Plane Rectangular Coordinate System VII.
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R

Fig. 5. Photographs showing surface deformation at Naka, Wakayama Town. The location of the photographs is shown in Fig. 3. (a) A
farm road disrupted by a north-facing distinct scarp with a large scarp height (Scarp A). The edges of a farm road show left-
lateral offset apparently. The person is approximately 180 cm tall. The person in subsequent photographs is the same. (b) A
steeply dipping slip surface observed on the western extension of the scarp (Scarp A) in Fig. 5a. (¢) A north-facing scarp with a
smaller scarp height (pointed by red arrowheads) located behind (south of) the scarp in Fig. 5a. (d) Based on the relationship
between the scarp in Fig. 5¢ and the topography (pointed by red arrowheads), the slip surface is estimated to dip to the south
with a high angle. (e) A distinct north-facing scarp (Scarp A) in a rice paddy at the western extension of the scarp in Figs. 5a and
Sb. The base of the scarp is indicated by red arrowheads. Maximum scarp height (approximately 2.2 m) was measured near the
foreground of the photograph. The morphology of the scarp, characterized by convex upward, suggests that the scarp was formed
by horizontal shortening. (f) Southward tilt of a rice paddy that occurred on the upthrown (south) side of the northwest-facing
scarp (Scarp A) in Fig. 5e. (g) Submerged southern edge of a rice paddy due to tilting to the south behind (south of) the scarp
(Scarp A) in Fig. 5e. (h) A distinct north-facing scarp in a rice paddy at the western extension of the scarp (Scarp A) in Fig. Se. (i)
View of the scarp in Fig. 5h looking from the west. The overlap of a rice paddy at base of the scarp as well as morphological
feature of the scarp suggest that it was formed by horizontal shortening. The length of the leveling rod is 2 m. (j) A WNW-ESE-
trending distinct north-facing scarp on the east bank of the Wakayama River. Due to horizontal shortening, a U-shaped gutter
(circled by white oval) stands, and ground surface was wrinkled at the base of the scarp. (k) The northernmost scarp of a series
of ENE-WNW-trending north-facing scarps on the east bank of the Wakayama River. (I) The southernmost scarp of a series of
ENE-WNW-trending north-facing scarps on the east bank of the Wakayama River. (m) View of the west side of the scarp in Fig.
S1. The scarp is pointed by red arrowheads. Both sides of the originally single rice paddy separated by the north-facing scarp are
tilted to the south. (n) Westward extension of the scarp in Fig. 5j. A new scarp (pointed by red arrowheads) was created along the
existing north-facing scarp. (0) Westward extension of the scarp in Fig. 5n. A new scarp (red double arrow) was created along
the existing north-facing scarp (green double arrow). (p) Closely spaced, multiple east-west oriented scarps (red arrow pairs) on
the left bank of the Wakayama River. The two scarps in the foreground face north, whereas the one in the background faces
south. (q) Three subparallel, closely spaced north-facing scarps (red arrow pairs) in a rice paddy on the left bank of the
Wakayama River. (1) A south-facing scarp on rice paddies and farm road on the right bank of the Wakayama River. The base of
the scarp is indicated by a pair of red arrowheads. (s) View to the west of the scarp in Fig. 5r. A U-shaped gutter stands where it
crosses the scarp due to horizontal shortening. (t) A south-facing scarp (left side) and a north-facing scarp (right side) occurred
facing each other in an originally single rice paddy, creating a shallow depression between them filled with water. Two scarps are
shown in red arrowheads. The south-facing scarp corresponds to that in Fig. 5r. (u) Northward tilt of former rice paddy on the
left bank of Wakayama River. (v) A north-facing scarp formed in the gravel parking. (a) to (d) and (v) were taken on February
12, 2024, whereas (e) to (u) were taken on February 11, 2024.
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Fig. 6. Topographic profiles (Pi to Px) of the surface deformation in the Naka area of Wakayama Town. S.H.; scarp height. V.E.;
vertical exaggeration. The drone LiDAR- and airborne LiDAR-derived topographic profiles in the figure were created by

extracting the elevations of the points where RTK-GNSS measurements were taken.
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Fig. 8. (a) Surface deformation along the Wakayama River in the Munesue area of Wakayama Town. The white circles with
numbers such as Ph4 indicate the RTK-GNSS survey points. Loc. A indicates location of a deformed check dam.
The wide red line shows the axis of the concealed Okata anticline after Yoshikawa et al. (2002). The aerial
photograph is from GSI Maps (Geospatial Information Authority of Japan, 2024a). The locations where Figs. 8b
and 8¢ were taken are shown. The direction of the eyeballs indicates the direction in which the photographs (Figs.
8b and 8c¢) were taken. (b) A rice paddy tilting to the northwest on the left bank and that tilting to the southeast on
the right bank of the Wakayama River. The northern part of the rice paddy on the left bank is submerged due to the
northwestward tilting. (¢) A distinct tilt to the southeast of the rice paddies observed on the right bank of the
Wakayama River.
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Fig. 9. Topographical profiles of the rice paddies on both sides of the Wakayama River in the Munesue area.
The survey points for each profile are shown in Fig. 8a.
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Fig. 10. A schematic topographic and geologic section showing possible formation mechanism of surface deformation observed
at the Naka and Munesue areas of Wakayama Town (based on Yoshioka, 1989 and Li et al., 2018). Note that the dip
angles of strata and angles of fold hinges are not exact.
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