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Stratigraphy at and around the trench site excavated on the south side of the
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Abstract: Surface ruptures associated with the 2016 Kumamoto Earthquake appeared along the
Futagawa-Hinagu fault zone. Their traces extended to the northeastern part of the Aso caldera. An
EW-trending branch, about 2.5 km long, separated from the main trace with NE-SW trend at Tateno
appeared along the southside of Nigorikawa River. Geological Surcvey of Japan conducted a trench
investigation on the surface rupture along the branch in order to confirm that the ruptures are produced
by active faulting as well as to obtain a paleoseismic history in an EW-trending graben at Sawazuno
district, Minamiaso villege. During the earthquake, two traces of surface ruptures appeared almost along
the foot of northern and southern scarps of the graben. Serial bore hole survey conducted before the
trench investigation revealed that Kusasenrigahama pumice layer (Kpfa) appeared at 7~8 m depth out of
the graben, whereas the same tephra appeared at 16 m depth in the graben. The depth difference larger
than scarp height in the graben indicates tectonic subsidence has continued since the deposition of Kpfa.
The trench, which is 34 m long, 7 m wide and 4 m deep, was excavated across two fault traces of the
graben. On the east and west walls, two strands of normal faults and deformed layers were dipping
towards the center of the graben. The sediment was mainly composed of volcanic sediments that
originally came from Aso Volcano. On some trench walls, a few widespread tephra, such as K-Ah, AT
and Kpfa, as well as some pieces of clay pot of the Yayoi period were recognized. Most of results of "*C
dating are consistent with them, and they indicated volcanic ashes constantly deposited in and around the
graben. Vertical displacements along some faults and deformation of older (lower) layers were
accumulated larger and more than younger (upper) layers. This cumulative displacement clearly shows
that the normal faults consisting of the graben are active faults.
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Table 1. Result of "“C dating of samples collected from boreholes and in the trench at the Sawazuno site.

e e ceve G R GRS

STN-2-2.03 STN-2, B organic sediment Beta-478810  -15.2 1161 = 18 1173 — 1008
STN-2-6.95 STN-2, D-1 organic sediment Beta-478811  -23.4 8506 + 28 9529 — 9495
STN-2-8.96 STN-2, D-1 organic sediment Beta-478812  -18.9 12749 + 38 15257 — 15126
STD-T-CO01 W3,B-3  organic sediment YAUT-035231 -28 1223 + 24 1226 — 1084
STD-T-C02 W3, C-1z sediment YAUT-035232 -28.3 2871 + 27 3056 — 2954
STD-T-C03 W3,D-1  organic sediment YAUT-035233  -35 10539 + 43 12569 — 12425
STD-T-CO05 WI1,B-4  organic sediment YAUT-035236 -30.1 2158 + 40 2303 — 2067
STD-T-C06-1 W1, C-1 sediment YAUT-035237 -32.6 2091 + 26 2112 — 2005
STD-T-C06-2 W1, C-1 charcoal YAUT-035238 -37.3 2627 + 28 2763 — 2743
STD-T-C07 W3, B-4  organic sediment YAUT-035239 -23.9 1541 + 25 1518 — 1390
#204 W3, C-1 sediment YAUT-037302 -17.1 4593 + 24 5434 — 5300
#206 W3,D-1  organic sediment YAUT-037303 -23.2 8430 + 29 9487 — 9442
#217 W3,D-1  organic sediment YAUT-037304 -18.6 9198 + 31 10398 — 10275
#228 W3, C-1 sediment YAUT-037305  -18 2212 + 22 2307 — 2158
#230 W3, C-1 sediment YAUT-037306 -20.5 5114 + 24 5914 — 5768
#231 W3, C-1x sediment YAUT-037309 -23.9 7655 + 28 8456 — 8404
#232 W3,B-2  organic sediment YAUT-037311 -18.6 1126 + 21 1058 — 985

#234 W3,B-3  organic sediment YAUT-037312 -17.7 1054 + 22 965 — 934

#237 W3, C-1 sediment YAUT-037313 -20.1 1936 + 21 1923 — 1865
#238 W3, C-1 sediment YAUT-037315 -19.4 2620 + 22 2757 — 2744
#241 W3, C-1 sediment YAUT-037316 -19.6 3740 + 23 4148 — 4011

#243 W3, C-1 sediment YAUT-037317 -22.2 4930 + 25 5661 — 5606
#245 W1, B-3  organic sediment YAUT-037318 -16.8 1029 + 20 955 — 930

#255 E1,B-3  organic sediment YAUT-037319 -20.1 1424 + 21 1335 — 1303
#256 E1l, D-1x sediment YAUT-037323 -24.4 5245 + 26 6094 — 5936
#259 El,B-4  organic sediment YAUT-037324 -18.8 1824 + 21 1811 — 1722
#261 El,B-3  organic sediment YAUT-037325 -21.1 997 + 20 952 — 912

#265 El, C-1 sediment YAUT-037326 -27.1 2733 + 22 2847 — 2790
#285 E3,D-1  organic sediment YAUT-037328 -24.9 7640 = 30 8447 — 8400
#286 E3,D-1  organic sediment YAUT-037329 -22.2 10870 + 36 12760 — 12709
#288 W3, C-1x  organic sediment YAUT-037331 -21.6 5939 =+ 27 6796 — 6726

*Oxcal v4.3 Bronk Ramsky (2009); IntCal 13 atmospheric curve (Reimer et al., 2013)
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Fig. 1. Topographic map showing locations of surface ruptures produced by the 2016 Kumamoto earthquake. (A) Topographic map
showing locations of surface ruptures produced by the 2016 Kumamoto earthquake along the Futagawa-Hinagu fault zone.
Basemap is after National Institute of Advanced Industrial Science and Technology (2017). (B) Topographic map showing
locations of surface ruptures appeared in the eastern part of Aso caldera. The 1-m DEM managed by Geospatial Information
Authority of Japan (GSI) was used.
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Fig. 2. Surface displacement due to the 2016 Kumamoto earthquake. (A) Distribution of surface displacement (+: uplift, -: subsidence) at
the southwestern part of Aso caldera derived from the height/elevation difference between LIDAR DEM measured before and
after the earthquake. The LIDAR DEM managed by GSI (before) and measured by PASCO Co. Ltd. (after) were used. (B) Cross
sections of LIDAR DEM (red and blue lines; left axis) and distribution of difference (x symbol; right axis) along the PP’ line.
Black dotted lines show general trend lines of the hight differences.
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surface rupture
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Fig. 3. Location map of the Sawazuno site and the Otogase site. (A) Topographic map around the Sawazuno site and the Otogase site.
Contour lines are 1 m intervals. The 1-m DEM managed by GSI was used. (B) A photograph showing the Sawazuno site in a
small graven. Red arrows indicate traces of surface ruptures. View to the east. (C) A photograph showing the Otogase site. Red
arrows indicate a trace of surface rupture. View to the southeast.
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Fig. 4. Location map of boreholes and GPR lines at the Sawazuno site, and geological cross section along the line of boreholes. (A) An aerial
image taken from Google Earth (reference date; Mar 28th , 2018) showing locations of boreholes (red circles) and GPR lines (yellow
lines). Red lines show traces of surface ruptures. (B) A geological cross section based on borehole observations.
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(A) STN-1 BEE

0 1

F5 . PUREHIK O STN-1 fLAA— VU > 7 2 7 BEEROHRRK. (A) STN-1 fLA—V > 7 a7 5H (RE0~9m).
Fig. 5. Photograph of boring core and columnar section of core STN-1 at the Sawazuno site. (A) Photograph of boring core of core
STN-1 (0~9 m depth).
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Fig. 5. Continued. (B) Columnar section and geologic description of core STN-1 (0~5 m depth).
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Fig. 5. Continued. (B) Columnar section and geologic description of core STN-1 (5~8 m depth).
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(A) STN-2 B
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1

1 2

Fo. JURBHIXO STN-2 fLAR—1 > 7 a7 GEEOHHRK. (A) STN2 L=V > 727 EH (0~9m).
Fig. 6. Photograph of boring core and columnar section of core STN-2 at the Sawazuno site. (A) Photograph of core STN-2
(0~9 m depth).
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Fig. 6. Continued. (A) Photograph of core STN-2 (9~18 m depth).
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Fig. 6. Continued. (B) Columnar section and geologic description of core STN-2 (0~5 m depth).
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Fig. 6. Continued. (B) Columnar section and geologic description of core STN-2 (5~9 m depth).
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Fig. 6. Continued. (B) Columnar section and geologic description of core STN-2 (9~14 m depth).
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Fig. 6. Continued. (B) Columnar section and geologic description of core STN-2 (14~18 m depth).
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Fig. 7. Photograph of boring core and columnar section of core STN-3 at the Sawazuno site. (A) Photograph of core
STN-3 (0~9 m depth).
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Fig. 7. Continued. (B) Columnar section and geologic description of core STN-3 (0~5 m depth).
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Fig. 7. Continued. (B) Columnar section and geologic description of core STN-3 (5~8 m depth).
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Fig. 17. Photomosaic and log of the north wall of the trench (N face) at the Sawazuno site. (A) Photomosaic of the N face.
(B) Log of the N face. See figure 23 for legend.

201



ER - ZHIEF - AT - AL

=

AWEE - 2 THEE - &

90k} [ oy} Jo oresowiojoy (V) "93s ounzemes ay) je (90e} [H) youas oy} Jo 1ed uioyliou 9y Ul [[em Ised 9y} Jo 0] pue dresowoioyd ‘81 ‘1
BHE (V) £4A42QWESOHE 1T K81 #

ug

(W8L'L0§=13)

€H

(wgL'605=13)

IH

I

¢-13 1-13 0-13

202



WA RS L O JE

BOTHERLE b Lo F

-
[

{

) 1| 72 )5

HIVT T P

ik

fouf

ug

'puoa39l 10} €7 2In3y 09§ 908 [ oy Jo 507 (g) "ponunuo)) ‘g1 31
‘R K8

W R CCHEUMY £ LY (D)

¢d-1314:13

ANBLMPEN
ANOIMZSN
NSYMISN
N6LMLYN
N8SMOON
NILMZIN
NPLM8SN
ANGBMZYN
ANLLMOYN
ANVBMSYN

NZBMLGN “E{\[/ 01 x
NOSMEZLN "BI1glr 6 x

NvL3GEN
NOLMZ8N

By 8 x

Bl L x
N883IBLN L -
SGBMIBN
NOSMZLN
SZ83E8N
SELMI
SP8IZON

(E13) 83

(WgL906=T13)

(W8L'L0§=13)

wgL'805="13)

(wgL'605=13)

203



FESE - 2 THER - B&IES - BHIEW - AR - BUILHHI

(B ) E2-0 E2-1 E2-2 E2-3 E2-4 E2-5

B9, B2HEOGBEKRORT vF. (A) BE. (B) 27 vF. JUFNILHE 23 MaSR.
Fig. 19. Photomosaic and log of the east wall in the middle of the trench (E2 face) at the Sawazuno site.
(A) Photomosaic of the E2 face. (B) Log of the E2 face. See figure 23 for legend.
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Fig. 21. Photomosaic and log of the south wall of the trench (S face) at the Sawazuno site. (A) Photomosaic of the S face.
(B) Log of the S face. See figure 23 for legend.
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Fig. 24. Close-up photographs of the trench walls at the Sawazuno site. (A) Cracks in layer C-1 at W3-5~W3-8 on W3 face (red arrows). (B)
Accumulation patches of volcanic ash (bright yellow patches surrounded by black dashed lines) in layer C-1 at E1-10~E1-13 on the E1
face. White arrows indicate locations of grey volcanic ash layers. (C) A fossil nest hole of ant mainly observed in the layer C-1. (D)
K-Ah in the layer C-1x displaced along the W1-Fle branch fault. (E) Small north-dipping normal faults (red arrows) at E1-2~E1-5.
They branch from a horizontal detachment fault (E1-HF) in the layer of G-group. (F) Crack fill sediment (referred to as C-1z) composed
of brown silt and dark brown silt pieces. It was cut by the W1-Fla fault as well as some branching faults (W2-F1b~W3-Fle). (G)
Pieces of pottery at the boundary between layers B-4 and C-1 near W1-10.4. White pin shows a sampling point referred to as C05 for
"C dating. (H) Pieces of pottery at the boundary between layers B-4 and C-1 near W1-9.4. The lens cap is about 5 cm in diameter.
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