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Surface Ruptures Associated with the 2016 Kumamoto Earthquake Designated as a
Precious Natural Treasure and the Change in Slip Rate at the Volcanic Area
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Abstract: The surface ruptures of the 2016 Kumamoto Earthquake with a 7.2 magnitude appeared along the northern part
of the Futagawa—Hinagu fault zone. The ruptures located at three sites in Mashiki Town in 2018 were designated as a
precious natural treasure by the Agency of Cultural Affairs, Japan. Herein, we describe the topography of the displacement
along the surface ruptures at the designated areas and examine the relationship between the active fault distribution by
tectonic geomorphological interpretation and the surface ruptures that appeared in 2016. At Shioi Shrine and Dozon,
surface ruptures with a displacement of approximately 2 m appeared near the location of the active fault line, which was
previously known as a fault scarp, displacing the Aso-2 pyroclastic flow and the Takayubaru lava flow. From the
viewpoint of tectonic geomorphological interpretation, we could not estimate the surface rupture location at the Fukuhara
site, even after the earthquake. The right lateral displacement of the Takayubaru lava flow, which erupted from the Omine
pyroclastic cone of the Aso lateral cone in approximately 90 ka, is up to 470-510 m along the Futagawa fault. The mean
slip rate during 90 ka is approximately 5.2-5.7 mm/year. This value is much faster than that of this fault in previous
studies and shows one of the fastest faults on Japanese islands. Moreover, the slip rate was faster than that calculated
based on the displacement along the surface rupture in 2016 and the recurrence interval of the paleo-earthquake during 15
ka. The change in the slip rate of the active fault over a few 10,000 years was not known in the Japanese islands. This
suggests that the temperature or stress along the fault plane just after the eruption is different from that in recent geological
time. In this case, the timing of the sediment deposition with the slip rate estimation would be critical in evaluating the
seismic hazards of the active fault distributed near the volcano.
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Figure 1. Distribution of active fault in Japanese Islands and surface ruptures associated with the major earthquakes since the

1890s.
The number labels refer to Table 1. Active faults are after Nakata and Imaizumi eds. (2002). 1 : Nobi Earthquake (Neodani fault), 2 : Rikuu Earthquake
(Senya and Kawafune faults), 3 : Tango (Gomura and Yamada faults), 4: Kitaizu Earthquake (Tanna and Himenoyu faults), 5: Tottori Earthquake
(Shikano and Yoshioka faults), 6 : Mikawa Earthquake (Fukozu fault), 7 : Fukui Earthquake, 8 : Izu-Hanto-Oki Earthquake (Irouzaki fault), 9 : Izu-
Oshima-Kinkai Earthquake (Inatori-Omineyama fault), 10 : Hyogo-ken-Nambu Earthquake (Nojima fault), 11 : Tottori-ken-Seibu Earthquake, 12 :
Chuetsu Earthquake (Obirou and Muikamachi-Toen faults), 13 : Iwate-Miyagi-Nairiku Earthquake, 14 : Fukushima-ken-Hamadori Earthquake
(Idozawa and Yunodake faults), 15 : Kamishiro Fault Earthquake (Kamishiro fault), 16 : Kumamoto Earthquake (Futagawa-Hinagu fault)
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Table 1. Surface ruptures associated with the major earthquakes since the 1890s and designed precious natural treasures.
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Figure 2. Distribution of active faults along the Futagawa-Hinagu fault zone and the surface ruptures associated with the 2016

Kumamoto Earthquake.

Active faults are after Nakata and Imaizumi eds. (2002). Surface ruptures are after Kumahara et al. (2017) and Suzuki (2017).
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Figure 3. Location of surface rupture designed precious natural treasures showing on the active fault distribution map.
A: Topographical anaglyph produced from the 2m-mesh DEM obtained by airborne LiDAR. B: Distribution of active faults and surface ruptures
associated with the 2016 Kumamoto Earthquake in the central portion of the Futagawa fault. Surface ruptures are after Kumahara et al. (2017) and
Suzuki (2017). Active faults were identified by tectonic geomorphological interpretation of the topographical anaglyph (A).
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Figure 4. Photographs of surface ruptures (left) and designed areas of precious natural treasures (right).
A: Shioi Shrine, B: Dozon, C: Fukuhara. The designed area maps are after the board of education of Mashiki Town (2020).
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Figure 5. Surface ruptures appeared on the approach of the Shioi Shrine designed precious natural treasure.
A: The right-lateral offset observed on the approach of the Shioi Shrine. B: The topographical profile and the vertical displacement of the approach of
the Shioi Shrine. The location of topographical profile is shown in Figure SA. Topographical point cloud data were obtained by the iPad Pro in April

2021.
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Figure 6. Tectonic geomorphology and the right-lateral offset observed on the Takayubaru lava flow.
A: Topographical anaglyph produced from the 2m-mesh DEM obtained by airborne LiDAR. B: Geomorphological map of the Takayubaru lava flow.
Surface ruptures are after Kumahara et al. (2017). Active faults were identified by tectonic geomorphological interpretation of the topographical

anaglyph (A).
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Figure 7. Topographical profiles across the lava flow (x-x'and y-y’), and along the present river bed of Futagawa river (z-z').

The locations of profiles are shown in Figure 6B.
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