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Abstract

Several volcaniclastic deposits discovered at the foot of the eastern wall of Aso caldera,
central Kyushu, southwestern Japan, are divided into two types: lahar deposits (Lh1-Lh5 in
descending order), which contain abundant subangular to subrounded lithic clasts (< 3.5 m in
diameter) set in a sandy to silty matrix, and debris avalanche deposits (DA1 and DA2), which
include numerous plastically deformed fragments of tephra (ash and scoria) and soil layers in
a homogenous silty to clay matrix. DA2, which underlies a paleosol dated at 5.4 ka (calibrated
“C age), is the largest volcaniclastic deposit observed in the section (more than 2.5 m thick and
about 70 m wide). Because the debris avalanche deposits display no evidence that they were
transported by water, they are likely to have originated from landslides triggered by intense
earthquakes. Tephra chronology and '*C-dating on paleosols along the succession suggest that
lahars occurred once over 900 years (6.3-5.4 ka), three times over 1400 years (5.4-4 ka), once
over 400 years (4-3.6 ka) and twice (including the 2012 lahar) in the last 3600 years. This
evidence indicates that the lahars occurred at an interval of 400-1800 years. In contrast, two
debris avalanche deposits exist in the same succession spanning the last 6300 years. Including
landslides and associated debris avalanches triggered by the 2016 Kumamoto earthquake (Mj
7.3), landslides generating debris avalanches in the Aso caldera occurred at least three times
in the last 6300 years. This may suggest the frequency of large earthquakes triggering debris
avalanches in the central Kyushu region, which has many active faults.
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Fig. 1 Location of a trench section located at the foot of the eastern wall of Aso caldera (Sakanashi, Aso City). Part
of “Sakanashi” 1:25,000 topographic map published by the Geospatial Information Authority of Japan is used.
Longitude and latitude are shown as WGS84. Distribution of July 2012 landslide and lahar deposit is from

Kumamoto Prefectural Government (2012).
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Fig. 2

Eruptive A9418 Eastern caldera wall
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Stratigraphic columns of tephra layers including lahar (Lh) and debris-avalanche (DA) deposits at the foot of
the eastern wall of Aso caldera and the NNE foot of Nakadake Volcano (A9418 site; schematic Holocene tephra
section). See Fig. 1 for locations of sites. Ages in the figure are shown as calibrated “C ages. Tephra stratigraphy
and ages at the A9418 section are from Miyabuchi and Watanabe (1997), Miyabuchi (2009) and Miyabuchi and
Sugiyama (2012). ACP1: Aso central cone pumice 1, K-Ah: Kikai Akahoya ash, KsS: Kishimadake scoria, N2S:
Nakadake N2 scoria, OjS: Ojodake scoria
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Fig. 3 Measured trench section for constructing sed-
iment retention dam at the foot of the eastern
wall (background) of Aso caldera. Boulders
transported by the July 2012 lahar can be seen
on the ground surface. The photo was taken on
February 25, 2014.
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Fig. 4 (A) Northern part of the trench section. Two lahar deposits (Lhl and Lh2) and one debris avalanche deposit
(DA2) can be observed. Kishimadake scoria (KsS) is interbedded between Lh1 and Lh2. The photo was taken on
January 26, 2014. (B) Southern part of the trench section. Five lahar deposits (Lh1-Lh5), two debris avalanche
deposits (DA1 and DA2) and key tephra beds, including Ojodake scoria (0jS), Kishimadake scoria (KsS), and
Kikai Akahoya ash (K-Ah), can be recognized in the section. The photo was taken on February 25, 2014.
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Fig. 5 Debris avalanche deposit 1 (DA1) overlying
Ojodake scoria (0jS).
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Fig. 6 Occurrence of lahar deposit 2 (Lh2). KsS: Kishi-
madake scoria, OjS: Ojodake scoria.
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Fig. 7 Occurrence of debris avalanche deposit 2 (DA2).
The lower part of DA2 is extremely deformed.
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Fig. 8 (A) Deformed structure in debris avalanche deposit 2 (DA2). (B) Tephra and soil fragments contained in the
upper part of DA2. Scale segments are 10 cm. (C) Deformed tephra layers in the lower part of DA2. Scale seg-
ments are 10 cm. (D) Decoupled tephra beds in the lower part of DA2. Scale segments are 10 cm.
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Table 1 Result of AMS "C age determination for paleosol at the study site.

Measured
1C age*
(years BP)

Stratigraphic position Sample

§”C  Conventional

Calibrated result™**
HC age** Lab code

(years BP) (20 : 95% probability)

Paleosol above debris

. humic soil 4450 + 30
avalanche deposit 2 (DA2)

-12.9 4650 + 30

5465-5345 cal BP
5335-5310 cal BP

Beta- 374643

*1C age was analyzed based on the Libby’s *C half life of 5568 years.
## Conventional “C age was corrected for isotopic fractionation using §"°C values.
##% Using the program (Talma and Vogel, 1993) based on the IntCall3 calibration database (Reimer et al., 2013).
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