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Abstract: A comprehensive analysis of modern tsunami deposits offers a valuable oppor-
tunity to elucidate the characteristics of paleo-tsunami deposits. On 1 January 2024, a
tsunami was generated by a magnitude 7.6 seismic event and subsequently struck the Noto
Peninsula in central Japan. In order to create a facies model of the tsunami deposits in ter-
restrial and riverine environments, field surveys were conducted on both the onshore and
sandbars within the river channel in the Nunoura area on the northeastern Noto Peninsula.
Terrestrial tsunami deposits were observed up to several hundred meters inland, with a
slight decrease in thickness of several centimeters with distance from the shoreline. In ter-
restrial settings, the presence of a substantial silty layer overlying a graded sandy layer is
indicative of ponded stagnant water from the tsunami wave. In contrast, riverine tsunami
deposits are thicker and more extensive than terrestrial sediments, containing both grav-
els and shell fragments. An erosional surface develops between deposits of run-up and
backwash flows, but a mud drape is not observed.

Keywords: tsunami deposits; the 2024 Noto Peninsula earthquake; river

1. Introduction

In contrast to the inundation of coastal areas by tsunamis, which typically reach sev-
eral hundred meters inland, the penetration of tsunamis into rivers can extend much far-
ther inland. This phenomenon has the potential to cause flooding in low-lying areas lo-
cated several kilometers from the coastline [1]. Indeed, the 2011 Tohoku-oki tsunami
overtopped a weir and penetrated 49 km up the Kitakami River, the fourth largest river
in Japan [1]. Similarly, the 2010 Chile tsunami propagated at least 15 km up the Maule
River [2].

On 1 January 2024, a magnitude 7.6 earthquake struck the western coast of Honshu
Island, Japan, causing severe shaking along the Noto Peninsula (Figure 1). The earthquake,
known as the 2024 Noto Peninsula earthquake, occurred at a depth of 15 km in the Noto
Peninsula, followed by many aftershocks distributed across the peninsula in a NE-SW
direction. The Geospatial Information Authority of Japan (https://www.gsi.go.jp/BOUSAI/
20240101_noto_earthquake.html (accessed on 15 January 2024)) indicates that the rupture
of active faults extended over an area of 102 km from west to northeast of the peninsula.
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Figure 1. Location maps of the Noto Peninsula and collected samples. (a) Location of the Noto
Peninsula in Japan. (b) Location map of the study area in Noto Peninsula. (c) Map of the area around
the study site. The red dashed circle indicates the Nunoura area. (d,e) Sampling locations along
Transects A and B. Aerial photos in panels (c-e) are from the Geospatial Information Authority of
Japan (Taken on 14 January 2024, http://www.gsi.go.jp/BOUSAI/20240101_noto_earthquake.html#
3-1 (accessed on 15 January 2024)). (f) Location map of four rivers. The Matsunami River and the
Kanagawa River run through the towns of Suzu and Noto, respectively; the Sekikawa River and the
Hokura River run through Joetsu City, Niigata Prefecture.


http://www.gsi.go.jp/BOUSAI/20240101_noto_earthquake.html#3-1
http://www.gsi.go.jp/BOUSAI/20240101_noto_earthquake.html#3-1

Geosciences 2025, 15, 153

30f15

The earthquake triggered a tsunami that caused significant inundation along the
coastal areas of the northeastern peninsula, subsequently propagating over the sea as
rough wind waves and reaching the coast and rivers distant from the peninsula. The great-
est inundation distance from the shoreline was observed in the Nunoura area, where an
extensive lowland stretches along the Kuri-Kawashiri River. Tsunami traces indicate that
the wave penetrated approximately 800 m inland from the coastline along a straight tran-
sect. Consistent with this wide-ranging propagation, traces of tsunami inundation were
observed along the Shinhori River in Ishikawa Prefecture, located approximately 150 km
from the epicenter, highlighting the extensive inland impact of the event [3]. The tsunami
inundated over 1.90 x 10° m? of land in Ishikawa Prefecture and 4 x 10* m? in Niigata
Prefecture (Figure 1a). Inundation and run-up heights were relatively high in the north-
eastern Noto Peninsula, reaching approximately 5.0 m, with high run-up values of ~7.0 m
also observed in Niigata Prefecture. In contrast, the observed heights in the southeastern
peninsula and Toyama Prefecture were low (Figure 1a) [4]. In Joetsu City, situated adja-
cent to the Noto Peninsula in Niigata Prefecture, the tsunami progressed up the Sekikawa
River. This conclusion was corroborated by CCTV footage and wave and tide gauge data,
which demonstrated that the tsunami propagated about 15 km from the river mouth. The
inundation of the land situated between the Sekikawa and Hokura Rivers, near the mouth
of the Sekikawa River, was observed as a result of the propagated tsunami originating from
both rivers (Figure 1f). In some areas, the river embankments, which were over 3.0 m in
height, were overtopped, resulting in the flooding of residential properties [5].

Tsunami deposits have been useful for estimating recurrence intervals and magni-
tudes of past tsunami waves [6,7]. Since the 1980s, paleo-tsunami deposits have been
instrumental in elucidating ancient tsunami events (e.g., [8]). Nevertheless, the identifi-
cation criteria and sedimentological characteristics of tsunami deposits were not well un-
derstood [9]. Recent events, such as the 2004 Indian Ocean and 2011 Tohoku-oki tsunamis,
have provided valuable opportunities to study the sedimentary features and processes of
modern tsunami deposits [10]. For example, the tsunami deposits left by recent tsunamis in
low-lying coastal plains typically display a landward thinning and fining pattern (e.g., [11]).
Although numerous studies have been conducted on sediments left behind by tsunami run-
up on land, few studies have investigated sediments associated with tsunami propagation
in rivers [12]. The sediments formed by tsunamis in riverine environments are subject to
continuous modification by fluvial and eolian processes. As a consequence of both their
susceptibility to continuous erosion and modification, as well as the inherent difficulties
of undertaking such an investigation, the examination of tsunami deposits within rivers is
a relatively uncommon procedure. For example, tsunami deposits that are formed within
a river are difficult to discriminate from fluvial deposits.

The 2024 earthquake generated a tsunami that propagated through the Nunoura area
of Noto Town on the northeastern peninsula facing Toyama Bay adjacent to lida Bay,
causing significant damage to coastal communities and infrastructure and resulting in the
loss of more than 300 lives (Figure 1a,b). The study area comprises a valley with a low-
land formed by alluvial deposits, through which the Kuri-Kawashiri River flows. The
mouth of the river is a small bay between the capes of Jogasaki and Akasaki, which are
about 2 km apart (Figure 1c). The post-tsunami foot and aerial surveys revealed not only
tsunami deposits extending over 0.4 km inland from the coastline but also sediments car-
ried by the tsunami wave deposited on sandbars about 1.2 km from the mouth of the
Kuri-Kawashiri River (Figure 1c,d). The 2024 tsunami provides a unique opportunity to
study the differences between the sedimentary facies of tsunami deposits in terrestrial and
riverine environments.
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The reconstruction of the hydraulic properties and magnitude of historical tsunamis
from stratigraphic sequences can be a valuable tool in risk assessment studies. It should
be noted, however, that event deposits in fluvial stratigraphic successions may also be pro-
duced by events such as storms and river flooding (e.g., [13]). As a result, it is important
to investigate the detailed features of recent tsunami deposits from known source events.
This is because their sedimentological characterization and relationship with the actual
events are necessary for establishing the criteria to identify tsunami deposits in the geolog-
ical record. The objective of this contribution is (a) to present the sedimentary structures
of tsunami deposits associated with the 2024 earthquake in the Nunoura area, located on
the northeast coast of the Noto Peninsula, (b) to establish a facies model of the tsunami
deposits, both onshore and on sandbars within the river channel (Figure 1d,e).

2. Regional Setting
2.1. Geological Background

The Noto Peninsula is located on the west side of the Itoigawa-Shizuoka Tectonic Line
(ISTL), central Japan, along which the North American Plate on the east side has been collid-
ing with the Eurasian Plate on the west side since the beginning of Plio-Pleistocene time [14].
Exposed in the Noto Peninsula are widespread Late Oligocene to Early Miocene volcanic
rocks and Late Miocene to Pliocene marine diatomaceous sediments ([15], Figure S1). The
former rocks represent the rifting and spreading of the Japan Sea, and the latter represent
the post-spreading thermal subsidence of the rift basin (e.g., [16]). The northern part of
the peninsula is mainly composed of Neogene volcaniclastic and sedimentary rocks over-
lying Paleogene basement rocks. The study site, the Nunoura area, is situated on Holocene
gravel, sand, and mud, overlying volcanic rocks of the early Miocene age (Kamiwazumi
Formation, Horyuzan Formation). The Kamiwazumi formation is mainly composed of
aphyric andesite lava flows, with reported ages of 23 to 20 Ma based on K-Ar dating. The
Horyuzan Formation is composed of dacite volcaniclastic rocks, including siltstone, sand-
stone, and conglomerate, which were formed as a result of felsic volcanism that occurred
between 19.5 and 18 Ma. Marine terraces developed on the Noto Peninsula during the
Pleistocene, indicating long-term uplift of the land. The Kuri-Kawashiri River flows in
an east-west direction through a lowland area surrounded by hills over 30 m in height
composed of Late Pleistocene marine terrace deposits. The alluvial lowlands are utilized
for rice paddy cultivation, with soil depths of about 0.2 m. The Kamiwazumi Formation
is distributed upstream of the Kuri-Kawashiri River, whereas the Horyuzan Formation is
extensively exposed along the coastline.

2.2. Tsunami Inundation

According to an aerial survey conducted by Ushiyama et al. in early February and
March after the tsunami, the coastal lowlands from the northeastern to the eastern part
of the Noto Peninsula were extensively inundated, with a maximum run-up distance of
approximately 300 to 400 m from the coastline [17]. According to eyewitness accounts,
tsunami waves ran up with debris for a distance of over 500 m along the narrow Han-
nya River within lida Bay [18]. Notwithstanding the extensive damage caused by the
earthquake and tsunami to water level gauges utilized in the flood monitoring system in
rivers ([19] https://k.river.go.jp (accessed on 26 February 2024)), several gauges situated
downstream of the river remained operational. The data provided by the water level mea-
surements indicate that the tsunami waves ran up more than 1.2 km in the Matsunami
River from the river mouth and more than 0.9 km in the Kanagawa River, facing lida Bay
(Figure 1f). These findings are consistent with the observation that the 2011 Tohoku-Oki
tsunami exhibited the longest run-ups along rivers, with inundation distances reaching
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(A) Sports Park

three to four times greater than those occurring on the ground in the same area [20]. In
the Nunoura area, post-tsunami aerial surveys revealed not only the extent of tsunami
inundation, which reached 400 m inland from the coastline, but also the deposition of
boats carried by the tsunami wave on river terraces about 1.5 km from the mouth of the
Kuri-Kawashiri River.

3. Methodology
3.1. Field Survey

Field surveys were conducted on three separate occasions: 1-4 and 22-25 February,
2-7 April 2024. The inundation height was estimated by measuring the height of broken
tree limbs, debris in trees, and watermarks on buildings. The inundation limit was deter-
mined by debris found piled up on the ground, and the run-up height was estimated by
its elevation. Based on the evidence of fallen weeds and trees, it can be inferred that the
waves advanced in a direction perpendicular to the coastline and reached about 0.7 km in-
land. The Nunoura area with tsunami propagation and inundation can be divided into two
parts: the small coastal plain used as a sports park and the Kuri-Kawashiri River channel
(Figure 2).

(C) Kuri-Kawashiri River (B01-08)

Figure 2. Cont.
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(EWKuritkawashiriRiver (B13-17)

Figure 2. Photographs of the field survey. (A,B) Photographs at the sports park, trees, and blocks
have been washed away by the tsunami, and sand has been deposited on the ground. (C-E) Sandbars
formed after the tsunami in Kuri-Kawashiri River. (F) Areas where the tsunami overflows the levee.

In the sports park, sediments were transported by the tsunami beyond the coastal
seawall of approximately 2 m and covered the athletic fields in the sports park. The sedi-
mentary structures of the tsunami deposit were investigated in two transects, which were
surveyed using small pits. Transect A was established perpendicular to the shoreline on
the athletic field situated on the coastal plain (Figure le). Transect B was arranged on sand-
bars that had formed along the river channel, located between 0.8 km and 1.2 km from the
river mouth (Figure 1d). This study was conducted within the levee, with a focus on areas
that were originally part of the river channel (Figure 2).

Tsunami deposits were observed at 5 locations along Transect A and 17 locations along
Transect B. The study site locations were established using a GPS. At each observation site,
erosional features and the distribution of tsunami sediments were examined, and pits were
excavated to measure sediment thickness and depositional structures. To obtain samples
from Transect B, a Handy Geoslicer sampling instrument (FUKKEN Co. Ltd., Hiroshima,
Japan) was utilized to obtain a sample of subsurface tsunami deposits. The instrument
is constructed from stainless steel and comprises a sample box and a shutter [21]. The
extraction of the sample box and shutter results in the retrieval of an oriented sediment
core measuring 0.1 m in width, 0.03 m in thickness, and 1.0 m in length. The undisturbed
samples collected by the Handy Geoslicer enabled the observation of bed boundaries and
sedimentary structures, as well as the vertical sections of the excavated trenches.

3.2. Sediment Descriptions

In the laboratory, plate-shaped plastic containers, which were 18 cm long, 7 cm wide,
and 2 cm deep, were used at 8 locations to take samples for the soft-X imaging (Table 1),
which was performed with a soft X-ray apparatus (M-60, Softex, Tokyo, Japan) and a digital
X-ray sensor (NAOMI NX-06SN, RF Co., Nagano, Japan). Following the X-ray imaging,
the sedimentary facies, sedimentary structures, grain size, and colors of each sample were
described. Imaging was performed with settings of 3 mA and 40 kV, followed by image
processing on software to conduct structural analysis. To achieve high-resolution analysis,
the plastic container samples were subsequently sub-sampled vertically at 1 cm intervals
for mineral assemblage and grain-size analyses. Subsampled sediment was wet-sieved
using 63, 125, and 250 pm mesh sieves, and the residual grains were mostly <63 um size
fraction, and these were mounted on glass slides. The mineral composition and glass shard
morphology were examined under the microscope.
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Table 1. Positions of the surveyed locations along the transects and thickness of tsunami deposits
measured at each location.

Transect A

Location name

Distance from the Soft-X Thickness of tsunami deposits (cm)
Grain-size analysis

coastline (m) image Unit 1 Unit 2 Total

A01 117 O - 4.5 1.0 5.5

A02 138 O - 45 0.5 5.0

A03 160 O - 5.0 0.5 5.5

A04 184 O - 3.0 0.3 3.3

A05 213 O - 3.0 0.5 3.5

Transect B
Location ) ) Grain-size Soft-X Thickness of tsunami deposits (cm)
name Distance from the coastline (m) analysis image Unit 1 Unit 2 Unit 3 Total

B0O1 795 O O 3 - 12 15
B02 824 - - 11 - 1 12
B03 842 - - 5 19 5 29
B04 848 - - - 15 - 15
B05 852 - - 11 15 1 27
B06 859 O O 7 11 4 22
B07 863 - - - 23 6 29
B08 870 O O 12 - 29 41
B09 1000 - - - - 51 51
B10 1020 - - - - 30 30
B11 1060 O O - - 28 28
B12 1100 O O - - 14 14
B13 1120 - - 2 - 20 22
B14 1160 O O - 15 15 30
B15 1180 O O - 10 23 33
B16 1190 - - - 19 18 37
B17 1200 O O 11 - 44 55

3.3. Grain-Size Analysis

The grain size of the sediments was analyzed using laser diffraction with an effective
measuring range of 0.1 to 2000 pm (SALD-3000], SHIMADZU, Kyoto, Japan).

Samples comprised the tsunami deposit, the soil underlying the tsunami deposit,
beach sand, and river sand. The core sample of the tsunami deposit was initially divided
into 1 cm intervals. Prior to analysis, the organic matter was removed using hydrogen per-
oxide, and the sediments coarser than 2 mm were separated through sieving. The mean
grain size and sorting of the grain-size distributions were calculated using the graphical
methods proposed by [22].

3.4. Sedimentary Structure

Tsunami deposits identified at each site were classified into discrete sedimentary units
following established sedimentological methodologies. This classification was carried out
with high resolution and precision based on the following criteria: (1) the presence or ab-
sence of erosional contacts determined through detailed facies observations; (2) the occur-
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rence of biogenic components such as shell fragments, plant debris, and wood fragments;
(3) the identification of normal or inverse grading through grain-size distribution analysis;
(4) variations in internal sedimentary structures as revealed by soft X-ray imaging; and
(5) compositional differences in mineral assemblages.

4. Results
4.1. Transect A

In Transect A, excavations were conducted at 120 m and 250 m inland from the shore-
line in order to observe the facies and collect samples. The height and direction of the
watermarks and debris enabled us to estimate the flow depth and direction of the tsunami
waves. The direction of Transect A was found to be consistent with that of the tsunami
waves, and the flow depths were observed to be between 1.8 and 2.5 m above ground level
around the transect. Debris was observed up to about 400 m inland from the shoreline.

The sedimentary structures observed in the pits indicated that the thickness of the
tsunami deposits along Transect A ranged from 3.3 to 5.5 cm, with a slight decrease in
sediment thickness with distance from the shoreline (Figure 3A). The tsunami deposits in
the terrestrial environment were found to consist of two distinct sedimentary units, char-
acterized by distinctive sedimentary structures and grain-size changes. These units are
laterally traceable along Transect A. The lower unit directly overlies organic soil with an
erosive boundary and contains abundant plant fragments derived from the underlying soil.
It is composed mainly of well-sorted medium sand with a small amount of gravel. This
unit is commonly massive and occasionally shows normal grading and/or faint parallel
lamination (Figure 3B). Its thickness decreases landward from 3.0 to 5.0 cm. The upper
unit is represented by a light gray massive silt layer with very fine sand, which ranges in
thickness from 0.3 to 1.0 cm and covers the lower unit. The tsunami sediments in the lower
unit contain minerals of 75% and volcanic glass shards of 16%. The mineral assemblage
consists mainly of plagioclase associated with minor amounts of quartz and clinopyroxne.
In contrast, the tsunami sediments in the upper unit comprise volcanic glass shards in a ma-
jority of 68%, with minerals representing 32% of the total content. The mineral assemblage
is primarily composed of plagioclase, accompanied by minor quantities of quartz.

4.2. Transect B

In Transect B, sandbars were observed to have formed in the channel of the Kuri-
Kawashiri River at two distinct locations, situated at distances of 790-870 m and 1000-1200 m
from the river mouth, respectively. The tsunami propagation overflowed the right levee
(1.95 m above sea level) at a distance of 800 m from the river mouth. Therefore, the tsunami
height at this point can be estimated to be more than about 2.0 m asl. A total of 17 samples were
obtained from tsunami deposits above sandbars along Transect B using the Handy Geoslicer.
The thickness of the tsunami deposit decreased gradually from the river mouth, with a range
of 12 to 55 cm. However, local variations in sediment thickness were observed in relation
to topographic elevations of sandbars in the river channel. The observation of sedimentary
features in each location revealed that the tsunami deposits within the river channel were
composed of one to three sedimentary units, identifiable by distinctive sedimentary struc-
tures (Figure 4a), changes in grain size, and soft X-ray images (Figure 4b). Each sedimentary
unit was identified in the tsunami deposit along Transect B and is bounded by either a sharp
erosive surface or distinctive grain-size change.
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Figure 3. (A) Sedimentary columns along the survey Transect A and correlations of the two sedi-
mentary units between sampling locations (locations in Figure 1e). (B) Photograph of the tsunami
deposit at A03 and graphs showing vertical changes in mean grain size and sorting.

Unit 1, the lowest unit, directly overlies sandbars comprising black soil and silt at loca-
tions B01-03, 05, 06, 08, 13, and 17, with an erosive boundary. It is mainly composed of dark
gray coarse to medium sand, containing a high abundance of shell, shell fragments, fluvial
gravels, and mud clasts. Unit 1 deposits are found to contain gravels comprising more than
5% of their composition. The unit ranges from 2 to 12 cm in thickness. This unit is overlain
by either Unit 2 or Unit 3. Inverse grading is a relatively common occurrence in this unit. The
tsunami sediments in Unit 1 contain 84% minerals and 16% volcanic glass shards. The mineral
assemblage consists mainly of plagioclase associated with minor amounts of orthopyroxene
and quartz.

Unit 2 deposits are composed of reddish-brown, well-sorted very coarse to coarse
sand and are distributed at locations B03-07, 14-16, with a thickness ranging from 10 to
23 cm. The grain-size analysis indicates that the deposits are characterized by normal grad-
ing. The microstructure of these deposits is comparable to that observed in fluvial gravels
and pumice clasts within the river channel. This unit frequently exhibits sedimentary struc-
tures indicative of a backwash current, such as current ripple cross-lamination. The tsunami
sediments in Unit 2 comprise minerals in a majority of 92%, with volcanic glass shards repre-
senting 8% of the total content. The mineral assemblage is primarily composed of plagioclase,
accompanied by minor quantities of quartz, ilmenite, and alkali feldspar.
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and graphs showing vertical changes in mean grain size, sorting, and gravel content (excluding at
B15) at locations B06 and B14.
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Unit 3 deposits are distributed across all locations with the exception of B04; furthermore,
the lower units or sandbars are overlaid with an erosional boundary. This unit is characterized
by light gray sand-sheet facies, comprising predominantly fine to medium sand, containing
shell fragments. The thickness of Unit 3 deposits ranged from 1 to 51 cm. The unit is identi-
fied by characteristics indicative of normal grading. The deposits that directly overlie sand-
bars frequently include rip-up clasts derived from black soil or silt. The sedimentary facies
typically exhibit a lower zone with parallel lamination and an upper zone with wave ripple
cross-lamination, as evidenced by soft X-ray analyses. The current ripple lamination observed
at the top of Unit 3 indicates a unidirectional flow oriented landward. Conversely, a seaward
flow direction is also rare. The tsunami sediments in Unit 3 contain 83% minerals and 17%
volcanic glass shards. The mineral assemblage consists mainly of plagioclase associated with
minor amounts of quartz.

The sedimentary units of the tsunami deposit examined in this study exhibit notable lat-
eral variation in terms of both thickness and sedimentary structures. Unit 3 is distinguished
by its relatively extensive distribution, with a nearly constant thickness except for the point
bar form found on the inner side of meander bends in the river. In contrast, Units 1 and 2 are
characterized by their limited spatial distribution, with the whole succession of these units
observable only in three cored locations. In addition to the sandy tsunami deposits, several
boulders were identified within the river channel. The boulder, which had transported the
sandbar at a distance of 800 cm from the river mouth, had a diameter of over 130 cm. These
boulders were composed of volcanoclastic sediments, including pumice clasts and epiclas-
tic sediment blocks of varying sizes. The mouth of the river was observed to have a freshly
collapsed outcrop, which was identified as the likely source of the boulders [23].

5. Discussion and Conclusions
5.1. Sedimentary Diversity of Tsunami Deposits in the Kuri-Kawashiri River

In order to prevent flooding, the Kuri-Kawashiri River was widened, and a dam was con-
structed upstream in the 1960s. Consequently, a sandbar consisting mainly of black sediment
and mud, rather than sand and gravel, was formed along the river bank in the widened area
up to the river mouth. As illustrated in Figure 5, prior to the widening of the river channel,
the floodplain was outside the channel. The findings indicate that the tsunami that propa-
gated upstream of the river resulted in the formation of tsunami deposits on the sandbars,
which may be largely resistant to significant fluvial processes, including subsequent erosion
and deposition.

Prior to and following the tsunami triggered by the 2024 earthquake, the river mouth
of the Kuri-Kawashiri River exhibited a range of morphological alterations. The river mouth
sediments that accumulated up to about 200 m upstream from the mouth before the tsunami
were eroded and transported upstream by the intruding waves (Figure 6). The tsunami de-
posits observed in the river channel are thought to have originated predominantly from the
river mouth sediments (fluvial sand and gravel), in addition to marine sediments (well-sorted
sand with shell fragments).

Unit 1 deposits are composed of coarse to medium sand, containing a high abundance
of shell fragments and fluvial gravels. They are characterized by very poor sorting, indicating
that the initial tsunami propagation in the river transported the river mouth and marine sed-
iments by traction. The sedimentary structures, which are composed of detrital sediments
derived from both coastal and fluvial environments, are regarded as distinctive formations
attributable to the tsunami run-up in the river. In addition, inverse grading is commonly
observed in Unit 1. The shear velocity of the run-up current of the tsunami reduces with in-
creasing distance from the source, such that even temporally increasing flows can accumulate
the inversely graded beds [24].
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Figure 5. Photographs of the changes in river width in the Kuri-Kawashiri River, widened in the
1960s. (A) Before widening. (B) After widening. Aerial photos in panels (A,B) are from the Geospa-
tial Information Authority of Japan (MCB676X-C8-27 and CB812X-C8-29).

The deposits of Unit 2 are predominantly composed of well-sorted, very coarse to coarse
sand, which is extensively deposited on the riverbed. These deposits are distinguished by
normal grading. Unit 2 directly overlies sandbars or Unit 1 with an erosive boundary. As
mentioned above, current ripple lamination that indicates a seaward flow direction can be
observed at the bottom of Unit 2. It is possible that the Unit 2 deposits were formed as a result
of the backwash current associated with the initial propagation of the tsunami within the river
channel. In general, the backwash currents of the tsunami run through complex pathways,
concentrating in topographical lows and depositing thinner beds [25]. However, in riverine
settings, the backwash current deposits may be significantly more extensive and thicker. In
addition, although stagnant water exists in the terrestrial setting during the turnover phase
from the run-up to the backwash current, in a riverine setting where there is constant flow,
there is no time for water to stagnate. Therefore, mud drapes formed by stagnant water are
found in terrestrial settings and do not form in riverine settings. As a result, amud drape does
not develop at the top of the run-up current deposits in the riverine setting.

Unit 3 is characterized by normal grading. The occurrence of graded bedding is fre-
quently ascribed to deposition from suspension fallout under stagnant water conditions
(e.g., [26]). However, the graded bedding observed in the Kuri-Kawashiri River frequently
exhibits parallel lamination, which is indicative of bedload transport of sediments [27]. Ma-
suda et al. (2024) [28] examined tsunami propagation and inundation processes by compar-
ing simulations with available observations to depict the general characteristics of the tsunami
source. A tsunami propagation and inundation model estimated that the coastal area of lida
Bay was inundated to a maximum depth by the second wave. Although the initial wave
did not contribute to inundation in the coastal area, the tsunami propagated into the Kuri-
Kawashiri River. As mentioned above, the grain-size distribution and mineral composition
of the onshore tsunami deposits and riverine Unit 3 exhibit notable similarities, indicating
that they were derived from a common source. Consequently, it can be inferred that both
sediments were transported by the second wave, which arrived approximately 30 min after
the earthquake.
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May}18%2010 Before the tsunami

Figure 6. Changes of sandbars in Kuri-Kawashiri River before (B) and after the Noto Peninsula
earthquake. Change in sandbar at sampling sites (A). Change in sandbars at the mouth of an estuary.
The solid boxes indicate the areas of (A) and (B), while the dashed circles indicates the sandbar. Aerial
photos in panels are from the Geospatial Information Authority of Japan (After the tsunami: Taken
on 14 January 2024, Before the tsunami: CCB-2010-1X-C12-30).

5.2. Discrepancies Between Sedimentary Structures of Tsunami Deposits in Terrestrial and Riverine
Settings

The second tsunami wave generated by the 2024 Noto Peninsula earthquake inundated
the Nunoura area, resulting in the formation of tsunami deposits in terrestrial and riverine
settings. Terrestrial tsunami deposits were observed to reach a maximum distance of approx-
imately 400 m inland from the shoreline. The maximum recorded thickness was 5.5 cm; how-
ever, a slight decrease in sediment thickness was observed with distance from the shoreline.
In the case of the run-up current in terrestrial settings, ponded stagnant water of the tsunami
wave probably formed the massive silty bed that drapes the graded sandy bed. The sediments
are characterized by the presence of shell fragments, but there is an absence of fluvial gravels.

In contrast, the occurrence of riverine tsunami deposits (Unit 3) was inferred to have
occurred at a distance of more than 1200 m from the river mouth, with inland invasion ex-
tending up to three times farther than in terrestrial areas. The distribution of riverine tsunami
deposits is more extensive and of greater thickness than that of terrestrial sediments. The sedi-
ments contain both fluvial gravels and shell fragments. The second wave resulted in extensive
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erosion of the deposit of Units 1 and 2 formed by the initial wave, suggesting that the flow
velocity of the second wave was greater than that of the first wave.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/geosciences15040153/s1, Figure S1: Positions of the surveyed locations along
the transects and thickness of tsunami deposits measured at each location.
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