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Topographic background for the numerous numbers of tephra landslides induced by
the 2018 Hokkaido Eastern Iburi earthquake
— Demonstration of penetratively developed slope breaks and knickpoints —
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Abstract: High-resolution DEMs with 1-meter mesh were analyzed in the Atsuma district for an area
of 203 km?, where numerous numbers of landslides were induced by the 2018 Hokkaido eastern Iburi
earthquake, to delineate slope angles and to demonstrate that convex slope breaks are penetratively
developed along almost all the valleys. Earthquake-induced landslides occurred on slopes above the slope
breaks or on slopes upstream of knickpoints. Mainly tephra named Ta-d of 9 ka on the slopes above the
slope breaks slid in the Atsuma district. The bed of Ta-d above the slope breaks had weak support from
downslope, which provided the preferable condition for the landslide to occur during earthquakes. Similar
convex slope breaks have been reported from Hokkaido, Tohoku, and Kanto regions, which are widely
covered by young tephra, which suggests that landslides like those during the 2018 Hokkaido eastern
Iburi earthquake could be induced by earthquakes.
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Index map showing the investigation area. Landslide distribution is from Geospatial Information

Authority of Japan (2018). The geologic maps on the background are from Matsuno and Ishida (1960) and
Takahashi and Wada (1987). Numbers with white rectangles show the location of the data shown in the text.
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Fig.2 Index map showing the slope angles and the distribution of landslides.
The legend of slope angles is the same with Fig. 3.
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Fig. 3 Distributions of landslides and slope angles in the north of Takaoka (#1 in Figs. 1 and 2).
a: Orthophoto. b: Slope image. c: Topographic profiles along 2 lines shown in b. V/ indicates a
knickpoint and a slope break.
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Fig. 4 Distributions of landslides and slope angles in the east of Takaoka

(#2 in Figs. 1 and 2). a: Orthophoto. b: Slope image. ¢: Topographic
profiles along a line shown in b. V indicates a knickpoint.
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Fig.5 Distributions of slope angles and photographs
showing slope breaks in the northwest of Takaoka
(#3 in Figs. 1 and 2). b and ¢: Oblique views of slope
breaks, which locations are shown in a. d: Superposed
view of the orthophotograph and slope image of the
area c. e: Slope image of the area of d. Comparing d
and c, we see the slopes above the slope breaks failed.
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Horizontal distance (m) V indicates a slope break.
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Fig. 7 Distributions of landslides and slope angles along the Towagawa
River (#4 in Figs. 1 and 2). a: Orthophoto. b: Slope image.
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Fig. 8 Distributions of landslides
and slope angles and a photograph
along the Towagawa River (#4
in Figs. 1 and 2). a: Orthophoto.
b: Slope image. c: A photograph
showing a slope break by white
dashed line. Shot angle of ¢ is

shown as a white arrow in a and b.
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Fig. 9 Distributions of landslides and slope angles along the Shuruku-sawa River (#5
in Figs. 1 and 2). a: Orthophoto. b: Slope image. White squares surround old landslides,
which are identified by topographic features but are now covered with vegetation.
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Fig. 10 Distributions of landslides occurred during the 2018 earthquake and landslides before that (black areas).
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Fig. 11
slopes lower than the slope breaks in the north of this figure.
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Slope angles around the Yoshino area. The steep slopes in Yoshino continue to the
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