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Geological features of the landslides induced by the 2024 Noto Peninsula earthquake

CHIGIRA Masahiro, KANEKO Makoto

Fukada Geological Institute
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Abstract: The 2024 Noto Peninsula earthquake (M7.6) induced numerous landslides, causing severe
damage. We performed a field survey and topographic analysis for the landslides. Shallow landslides
occurred in clusters in pyroclastic rock areas, in which weakly consolidated tuff transformed into debris
flows. The largest landslide occurred on a dip slope composed of siliceous siltstone that had been
undercut by erosion. The second-largest landslide occurred on a slope of Paleogene volcanic rocks
that unconformably overlay Paleogene sedimentary rocks. A possible cause of this landslide was water
gushing out from the basal conglomerate of the unconformity. Block toppling of a massive conglomerate
rock mass larger than 10m across occurred in the west part of the peninsula. The earthquake was preceded
by large amounts of precipitation, totaling up to 400mm in one month, which probably facilitated
landslide occurrence.
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Fig.1 Earthguake intensity, topographic features, geologic map,
and the landslides induced by the 2024 Noto Peninsula earthquake.
The landslides date are from Geospatial Information Authority
(2024). (a) Seismic intensity. (b) Elevation. (c) Slope I is he
location of Ichinose landslide. (d) Relief energy. (e) Geologic
map. (f) Landslide distribution (NIED, 2022) and geologic map.
Letters indicate the locations of landslides described in this
paper. See the appendix for the legend of (e).
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Fig.2 Topographic image, stereographic projection of bedding planes, and profiles of
the Okubo landslide. The two circles on the map correspond to those in the profiles.
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Fig.3 Landslides of siliceous siltstone.
Overview of the Okubo landslide.

(a)
(b)Bottom
of the Okubo landslide, where dacitic tuff is

exposed. (c)Siliceous siltstone at the landslide
scarp. (d) Slaked siliceous siltstone. (e) Right
flank of the landslide at Machino Town (Fig.4).
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Fig.4 Slope images before and after the
earthquake and topographic profiles in Machino
Town. Location is shown in Fig.1. (a) Slope image
after the earthquake. The large white arrow is the
photo angle of Fig.3e. The black arrows indicate
new cracks, and the white arrows indicate old
obscured cracks. (b) Before the earthquake. The
dashed line shows the outline of the landslide.
(¢) Cross section. The line inclined at 15° is the
apparent dip of the bedding
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Fig.5 Landslide of diatomite at Nafune
Coast. (a) Google Earth image. The dashed
line indicates linear features (probable
faults). (b) Red relief image map before the
earthquake. (c) Overview of the landslide. (d)
Head scarp showing the smooth bedding plane.
(e) Cross section. 55° is the bedding dip.
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Fig.6 Landslide of tuff breccia (Osakayama).
(a) Overview. (b) Elevation changes before
and after the landslide. (c) Water seepage.
(d) Unconsolidated sand and granules, which
might be the materials of the sliding
surface. (e) Slope image after the landslide.
(f) Cross sections along the lines in (e).
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Fig.7 Shallow landslides and debris flows in tuff.
(a) to (c) Horyuzan area. (e) to (g) Mizuyama
area. (a) Overview. (b) Ridge that collapsed. (c)
Sharp weathering front on which soil slid. (d)
Fracture surface of the weakly welded tuff. (e)
Overview of the landslides and debris flows. (f)
Ridge-top collapse. (g) Fracture surface of tuff,
in which pumice grains protrude.
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Fig.8 Landslide directions in Horyuzan
and Mizuyama areas.
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Fig.9 Toppling of conglomerate rock mass. (a)
Locality map. The red arrows show the toppling
directions. (b) Photograph from above. The
arrows indicate the movement. Numbers from 1 to
3 correspond to the attached rock blocks shown
in (c). (c) Oblique view of the toppling. (d)
Large block toppling. The arrow with double
heads ties the corresponding bedding planes. (e)
Remaining rock cliff in which we see a joint
that had separated the rock block.
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Fig.10 Landslide of pyroclastics on sedimentary
rock (Ichinose). (a) Before the landslide. (b)
Topographic profile before the event. (c) Slope
image after the event. (d) Topographic profile
after the event along the line shown in (c).
The arrow indicates a depression where water
gushing likely occurred.
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Fig.11 Landslide at Ichinose. (a) Slope image
with contours made from UAV data. (b) Upper
part of the landslide scar, where red tuff on
yellowish-white tuff slid. (c) Steep scarp
in the middle of the scar. (d) Close-up of
the depression, where sandstone and mudstone
are overlain by basal gravel. They are cut
by a fault and are in contact with gravel.
Probably groundwater gushed out from the gravel
and became a trigger of the landslide. (e)
Alternating beds of sandstone and mudstone.
They are cut by minor faults nearly parallel to
the cliff face on the left side of the photo.
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Fig.12 Cumulative precipitation during 30 days before the earthquakes.
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2007 Off
M|d— 16 68l 6+ Rivers Sod: | fsagefis 3 Limited 3 More than
Niigata |July e number one
pref.
202‘! Nota 2 76| 6-7 Riers Sed, Neogene~ Mainy an Clusters Few 1?
Peninsula | Jan e |[Vole. steep valleys
2004 Mid- ;
Niigata 23 68l 6-7 Rivers Sed. Paleogene,] Many on Distributed Many un.dercut 4
Srar Oct e Neogene~ |gentle valleys landslides
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Appendix
Table 1. Legend of the geologic map in Fig.1.
Cenozoic Paleogene Oligocene |
. i . . g landesite & basaltic andesite . |Cenozoic Neogene Miocene late o
Pg4_vis_al  |Chattian - Neogene Miocene ‘ ) N2_soi ) . marine siliceous mudstone
L /lava & pyroclastic rocks Langhian - Tortonian
Aquitanian |
. . Ynon—marine sandstone, or
Cenozoic Paleogene Oligocene | . . .
k . |alternation of sandstone & . ‘Cenozmc Neogene Miocene o
Pg4_sns Chattian - Neogene Miocene | N1_soi o i marine siliceous mudstone
o 'mudstone or sandstone & |Burdigalian - early Langhian
Aquitanian |
mudstone
brackish, or marine & non-marine
N1 | Cenozoic Neogene Miocene |dacite & rhyolite lava & N1 sb Cenozoic Neogene Miocene mixture sandstone, alternation of
vas_a sbs
- Burdigalian - early Langhian pyroclastic rocks - Burdigalian - early Langhian sandstone & mudstone or
sandstone & mudstone
Cenozoic Neogene Miocene . Cenozoic Neogene Miocene brackish, or marine & non-marine
N3_som . ) marine mudstone N1_sbc o R )
Messinian - Pliocene Burdigalian - early Langhian mixture conglomerate
| . -
| Cenozoic Paleogene Oligocene
Mesozoic Jurassic Early - Imassive granite island arc & ) g ) g diorite & quartz diorite island arc &
J1-2_pam_a i | K Pg4_pbd_Chattian - Neogene Miocene )
Middle |continental o continental
Aquitanian
Cenozoic Paleogene Oligocene |
k : ) u |dacite & rhyolite lava & Cenozoic Neogene Miocene late marine calcareous siltstone &
Pg4_vas_al |Chattian - Neogene Miocene . N2_son ) .
L pyroclastic rocks Langhian - Tortonian sandstone
Aquitanian
Cenozoic Paleogene Paleocene .
Pgl_snc X i non-marine conglomerate
\Danian - Eocene Ypresian
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