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Sedimentary environment changes at Yamaide district, Kosa town, Kumamoto
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Abstract: Associated with the 2016 Kumamoto earthquake, surface ruptures were produced along the
Futagawa Fault Zone and the Takano-Shirahata segment in the northern part of the Hinagu Fault Zone.
Occurrence of a large-scale earthquake in the unbroken region along the Hinagu Fault Zone has been
concerned. Even though we need to accurately estimate the probability of large-scale earthquake
occurrence, the paleoseismic history of the Hinagu fault zone is not well known. We, therefore,
conducted boring and trench investigations and densely spaced radiocarbon dating at the Yamaide site in
the Takano-Shirahata segment to obtain a detailed paleoseismic history of the Hinagu Fault Zone. In this
paper, we report the observations and descriptions of those investigations and discuss the sedimentary
environment changes. Soon after the 2016 Kumamoto earthquake, we found small surface deformation
at Yamaide. After the boring survey, the trench, which is 14 m long, 10 m wide, and 4 m deep, was
excavated across the southernmost part of the surface ruptures. Some reverse faults and deformed layers
possibly deposited by fluvial processes since late Pleistocene were obvious on the trench’s walls. Two
strands of reverse faults on the northern wall which was facing the south and four strands on the southern
wall steeply dipped to the east. The vertical displacements along some of the faults increase to older
(lower) layers. Sediments for *C dating were systematically and densely collected even from low carbon
content layers along some vertical sections on the trench walls. These results demonstrated continuous
deposition and the oldest humic silt layer in the trench deposited about 15 ka. This suggests that these
faults were active at least during the period of the last 15 ka. The results made clear that such '*C dating
method is useful for the paleoseismic survey, even though sediments for dating contain only low carbon.
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Table 1. Results of “C dating of samples collected from boreholes and the trench at the Yamaide site.

BAC IR AP IT B SE L XS d6 1 F 2 HERRER BT D 288

Sample ID Unit Material Code No. (b;:; CO“:;:Z:’;:I) e f:ib;]a;;?;: ﬁi: fca:lb;g;?:;g;: ciizl:l??;)
YMD-T-C030602 B-1 sediment Beta-460395 -22.9 962 + 20 925 — 803 930 — 796 -
#102 B-1 sediment ~ YAUT-033216 -21 634 + 26 655 — 562 664 — 554 1.11
YMD-T-C030601 B-2 sediment Beta-460394 -21.3 1282 + 21 1266 — 1185 1280 — 1181 -
YMD-T-C030604 B-3 sediment Beta-460396 -24.7 1478 + 21 1386 — 1341 1400 — 1315 -
#104 C-2 sediment ~ YAUT-033217 -10.4 2034 + 28 2038 — 1945 2106 — 1901 0.34
#1 C-3 sediment ~ YAUT-028602 -8.1 2282 + 112 2457 — 2131 2703 — 2005 0.57
#2 C-3 sediment ~ YAUT-028603 -1.5 2459 = 70 2703 — 2383 2723 — 2356 0.54
#3 C-3 sediment ~ YAUT-028604 -7.4 2384 + 184 2725 — 2185 2853 — 1991 0.63
#4 C-3 sediment ~ YAUT-028605 -3.4 1274 + 178 1336 — 983 1546 — 799 2.26
#5 C-3 sediment ~ YAUT-028606 32 2202 + 50 2307 - 2152 2341 — 2067 0.98
#6 C-3 sediment ~ YAUT-028612 -26 4004 = 50 4525 — 4420 4785 — 4297 0.44
#1 C-3 sediment  YAUT-028613 -10.9 3936 + 31 4431 — 4297 4513 — 4256 0.48
#8 C-3 sediment ~ YAUT-028615 -13.8 4602 + 54 5454 — 5084 5567 — 5053 0.48
YMD-T-C24 C-3 charcoal Beta-456388 -19.9 6231 + 31 7247 — 7030 7252 — 7019 -
#107 C-3 sediment ~ YAUT-033218 -16.3 2901 + 32 3075 — 2968 3159 — 2951 0.53
#109 C-3 sediment ~ YAUT-033219 -6.2 3093 + 29 3360 — 3253 3376 — 3230 0.64
#111 C-3 sediment ~ YAUT-033503 -29.3 5172 £ 26 5981 — 5910 5990 — 5901 0.51
#9 C-4 sediment ~ YAUT-028616 -19.5 4724 + 55 5580 — 5328 5586 — 5322 0.4
#112 C-4 sediment ~ YAUT-033504 -31.1 3824 + 24 4245 — 4155 4377 — 4100 0.53
#10 C-5 sediment ~ YAUT-028617 -34.4 4028 + 39 4529 — 4431 4783 — 4417 0.33
#11 C-5 sediment ~ YAUT-028618 -25.9 5835 + 82 6740 — 6540 6850 — 6443 0.24
#12 C-5 sediment  YAUT-028619 -14.9 6155 + 88 7168 — 6940 7259 — 6800 0.24
#13 C-5 sediment  YAUT-028624 -18.3 7717 £ 105 8595 — 8407 8952 — 8329 0.29
#14 C-5 sediment ~ YAUT-028625 -10.6 7147 £+ 59 8020 — 7880 8154 — 7844 0.27
#15 C-5 sediment ~ YAUT-028626 -17.5 7679 + 149 8644 — 8327 8976 — 8186 0.24
#16 C-5 sediment ~ YAUT-028628 -29 7536 £ 70 8413 — 8218 8450 — 8185 0.27
#17 C-5 sediment ~ YAUT-028629 -19.4 8627 + 47 9626 — 9536 9693 — 9527 0.29
#18 C-5 sediment ~ YAUT-028631 -9.6 8653 + 93 9742 - 9530 10115 — 9476 0.26
YMD-T-C26 C-5 wood Beta-456390 -27.5 2281 + 19 2343 - 2315 2349 - 2185 -
#113 C-5 sediment ~ YAUT-033505 -27.2 6308 = 27 7268 — 7178 7290 — 7167 0.22
#116 C-5 sediment ~ YAUT-033506 -25.5 8699 + 33 9681 — 9563 9739 — 9548 0.23
#118 C-5 sediment ~ YAUT-033509 -26.6 8857 + 34 10148 — 9895 10158 — 9780 0.3
ywl-1 C-5 wood YAUT-028902 -26 2274 + 43 2347 — 2184 2354 — 2155 -
ywl-2 C-5 wood YAUT-028903 -23.3 2369 + 43 2458 — 2343 2690 — 2320 -
YMD-T-C25 C-6 wood Beta-456389 -29 2242 + 19 2320 — 2183 2334 — 2158 -
#119 C-6 sediment ~ YAUT-033511 -28 7905 £ 30 8763 — 8635 8972 — 8600 0.22
#122 C-6 sediment ~ YAUT-033512 -33.4 9516 + 33 11063 — 10710 11072 = 10692 0.17
yw2-1 C-6 wood YAUT-028904 -29.7 2304 + 246 2710 - 2067 2923 - 1734 -
yw2-2 C-6 wood YAUT-028905 -25.4 2328 + 43 2423 - 2214 2489 — 2160 -
#125 C-7 sediment ~ YAUT-033513 -57.7 9819 + 33 11244 - 11210 11265 — 11195 0.1
#169 D-1 sediment ~ YAUT-033518 -26.5 9196 + 34 10398 — 10272 10486 — 10249 0.21
#28 D-3 sediment ~ YAUT-033212 -11.4 10231 + 44 12056 — 11827 12119 - 11770 0.25
#127 D-3 sediment ~ YAUT-033515 31.9 3598 £ 718 4874 — 3008 5913 — 2341 -
YMD-T-CI18 D-4 sediment Beta-456383 -19.3 10194 + 32 11980 — 11815 12046 — 11760 -
YMD-T-C20 D-4 sediment Beta-456385 -19.6 10076 + 31 11758 — 11418 11802 — 11402 -
#30 D-4 sediment ~ YAUT-033213 -20 10210 + 45 12012 — 11820 12105 — 11755 0.53
#128 D-4 sediment ~ YAUT-033516 -28.6 10281 + 36 12125 — 11980 12372 — 11829 0.45
YMD-T-C15 D-8 sediment Beta-456382 -19.2 11276 + 42 13161 — 13080 13225 — 13058 -
YMD-T-C19 D-8 sediment Beta-456384 -19 11107 + 33 13061 — 12945 13078 — 12846 -
YMD-T-C21 D-8 sediment Beta-456386 -21.6 12102 + 34 14054 — 13859 14108 — 13810 -
YMD-T-C021701 D-8 sediment Beta-458876 -21.9 12319 + 37 14351 — 14129 14576 — 14084 -
#160 D-9 sediment ~ YAUT-033517 -39.1 10653 + 37 12675 — 12590 12701 — 12562 0.13
YMD-T-C22 D-12 sediment Beta-456387 -18.9 12766 + 43 15276 — 15139 15368 — 15058 -
#46 D-12 sediment ~ YAUT-033215 -12 12659 + 52 15187 — 14968 15249 — 14787 0.5
#47 D-13 sediment ~ YAUT-033502 -47.4 12413 + 45 14665 — 14305 14833 — 14179 0.09
YMD-1-D0.6 YMD-1  sediment  YAUT-033519 -35.3 7228 + 32 8150 — 7980 8159 — 7970 0.19
YMD-1-D1.5 YMD-1  sediment  YAUT-033523 -30.2 9764 + 33 11225 - 11185 11241 - 11165 0.37
YMD-1-D2.1 YMD-1  sediment  YAUT-033524 -24.5 5023 + 29 5885 — 5715 5892 — 5661 0.51
YMD-1-D3.0 YMD-1  sediment  YAUT-033525 -38.1 13051 = 40 15762 — 15550 15834 — 15384 0.12
YMD-2-C021701D4.6  YMD-2  sediment Beta-458879 -20.1 13870 + 40 16930 — 16689 17009 — 16573 -
YMD-2-D3.0 YMD-2 sediment  YAUT-033526 -21.6 11307 + 36 13193 — 13103 13249 - 13075 0.35
YMD-2-D3.4 YMD-2 sediment  YAUT-033528 -20.6 12516 + 39 14992 — 14666 15085 — 14422 0.39
YMD-2-D3.8 YMD-2 sediment  YAUT-033529 -16.5 12803 + 40 15315 — 15170 15433 — 15104 0.37

*0OxCal 4.3(Bronk Ramsey, 2017), INTCAL13(Reimer et al, 2013)
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Fig. 1. Map of the Takano-Shirahata segment and the northern part of Hinagu segment of Hinagu Fault
Zone. Shaded relief map made from 10m mesh digital elevation model provided by Geospatial
Information Authority of Japan (GSI) is used for the base map. Black bold lines show traces of
surface ruptures produced by the 2016 Kumamoto earthquake (Shirahama et al., 2016). Black
dashed lines show the active fault trace (Nakata and Imaizumi, 2002).
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Fig. 2. Map of the northern part of the Takano-Shirahata segment. Place names were added on the Active Fault Map in
Urban Area; “Kumamoto” (Ikeda ef al., 2001). Paleo-current directions of the Midorikawa River (Compilation
committee of history of Kosa town, 2013) by the interpretation of microtopography were also added.
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Fig. 3. Topography around of the Yamaide trench site. (a) Shaded relief map of the Yamaide district. Red dashed lines show traces
surface ruptures. (b) Topographic cross section of line 1 across the surface rupture at the site of Yamaide A made from
digital elevation model provided by GSI. (c) Topographic cross section of line 2 at the site of Yamaide B. (d) Photograph of
surface ruptures at the site of Yamaide A taken by Dia Consultants Co. Ltd in April 20, 2016. Since the west side of a rice

paddy subsided during the earthquake, the west side was covered with water. Red dashed lines and arrows indicate traces of
the surface ruptures.
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Fig. 4. Location map of boreholes and a rench site at the site of Yamaide A, and geological cross section along the line of
boreholes. (a) Survey map showing locations of boreholes (YMD-1 and YMD-2, shown by black circles) and
trench. (b) Geological cross section estimated by logs of boreholes and location of the surface rupture.
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Fig. 5. Photograph of core YMD-1 at the site of Yamaide A.
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Fig. 6. Columnar section and geologic description of core YMD-1 at the site of Yamaide A.
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Fig. 7. Photograph of core YMD-2 at the site of Yamaide A.
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Fig. 10. Photograph of core YMD-3 at the site of Yamaide B.
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Fig. 11. Columnar section and geologic description of core YMD-3 at the site of Yamaide B.

146



REAS IR BT B SE L DA d 1 2 HERREBR BE D 2818

YMD-4
0 1 2

(MY £

DNO ! B-GMY

100,

-

1 2 3

| oA "mMne " MMF | s’

Rl

4 5 om

512K, (UH B Hi50O YMD-4 LR — Y >/ a7 B,
Fig. 12. Photograph of core YMD-4 at the site of Yamaide B
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Fig. 18. Legend of logs of the trench.
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(d)

19 X, BEMPLRTE. SRR L, ARMRRETA LILEE. (a) F-N2alifE LigEs. (b) F-N2a
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Fig. 19. Close-up photographs of trench walls at the Yamaide site. The photographs on the left and right sides are
without and with interpretation respectively. (a) The upper termination of the fault F-N2a. (b) Dragged
structure of layers D-7 ~ D-13 along faults F-N2a and F-2Nb. (c¢) The upper termination of the fault F-S7. (d)
Upper terminations of fulats F-S6, F-S5b, and F-S4b.
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Fig. 20. Deposition curves estimated from results of *C dating. (a) Deposition curve indicated from “*C ages of samples collected
along the secton N11.2 on the north wall. The vertical axis shows the depth of the sampling point (from the surface of
the ground). The horizontal axis shows calibrated ages. Probability density functions and depositional curves are
calculated by OxCal 4.3 (Bronk Ramsey, 2009). (b) Deposition curve indicated from “C ages of samples collected along
the section S10.1 on the south wall.
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Fig. 21. Distribution of “C ages excluding the sections N11.2 on the north wall and S10.1 on the south wall at the Yamaide site.
Probability density functions and depositional curves have been calculated by OxCal 4.3 (Bronk Ramsey, 2009).
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Fig. 22. Distribution of carbon content. Carbon contents of samples are plotted on each layer. Layers are arranged from top to bottom.

156



REAS IR BT B SE L DA d 1 2 HERREBR BE D 2818

(@) (d)

N2 INT WA=V RA TDIUAZ A INTIVIA—=IVBATDNLASR
-0 ORIFH (B/300041F) $2.0 DT (E/3000%1F)
H“O 10 15 20 25 BiT= 0 10 20 30 40 50 60 70
: REARARASO=Z e tE] | 1.496-1.500(15/30), H1.2 T

1.503-1.514(15/30)

| 1.497-1.499(5/30),

- 1.495-1.500(21/30), 1.506-1.515(25/30)

1.501-1.511(9/30)

- 1.495-1.500(20/30),
1.503-1.511(10/30)

1.495-1.500(19/30),
1.503-1.510(11/30)

1.496-1.500(13/30),
1.505-1.515(17/30)

R, BT, ERD O
HoHEEESND KK

(b) T VEATDXRILAZR (e)
NTIoH—) AILAS o o
N6.5 ORFE (B/30004F) S$10.0 /"TLuE—ILEATDOKLATR
0 5 10 15 20 25 DRFER (B/300041F)
H1.6 0 50 100 150 200 250 300 350 400
H1.5 T T T T T

—1.496-1.500(14/30),

|
|
I
|
1.507-1514(16/30) o0 :
|
|

- 1.496-1.500(20/30),
1.504-1.513(10/30) ~ H2.5

(

(
- 1.495-1.502(13/30),
1.506-1.514(17/30)

~{-1.508-1.515(29/30)

H3.0

INT I A=V BA TDMUHZT A

N11.0 DRFH (B/3000kF)
0 50 100 150 200 250 300 350 400 H3.5
T T

H4.0

T
|
|
|
|
|
|
|
|
|
| H4.4
|

~— 1.508-1.516

1.495-1.500(16/30),
H4.2 1.505-1.513(14/30)

523 K. KK ARG R, N O N2, N6.5, N11JHIFR K& OVS Hiod> S2, S10 HIBRA & ERH L 72 308F D K LK S BTl .
NIV F—=NBKINT T ZADGHEFRLEMESNBITREZR Lz, £z, B8, BirE, Eloorick
DEEND EHEE SN D KILKA ZPFRE LT,

Fig. 23. Results of tephra analysis. Results of tephra analysis of samples collected along the sections N2, N6.5, and N11 on the
north wall, and S2 and S10 on the south wall at the Yamaide site. The number of bubble-wall shaped shares have been
shown with their histograms. Measured reflective indices and detected volcanic ashes by optical microscopy,
measurement of reflective indices, and principle component analysis are written together.
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Fig. 24. Results of principle component analysis. Results of principle component analysis of samples collected along the
sections N2 (H1.1-1.2, H1.8-1.9), N6.5 (H2.0-2.1, H2.7-2.8), and S2 (H1.5-1.5) at the Yamaide site.
Concentrations of SiO,, TiO,, FeO, MgO, Na,0, K,0, CaO, MnO, and Al,O; were measured. The concentrations
of FeO are plotted with respect to SiO, as an example.
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Fig. 25. Close-up photographs of woods collected from the north wall at Ymaide site. (a) Photograph of cross section of the wood
taken from the layer C-5 and (b) the overall shape of it. (c) Photograph of cut surface of the wood taken from the layer
C-6 and (d) the overall shape of it.

159



FESE - 2 THER - BEIES - $0RIKH - 5 AR - BULHHI

"UONRIOTTEXD [INIOA ON "M, SN JO UONEIUALIO o1} 03u0 pajddford are youon oy JO [[em N Jo dInsodxo pue soe ) [m so[oyaIoq
JO Suon9as IeuWN|o)) ‘[[BM oUd1} oY) JO F0[ pue SI[0YaI0q JO SUONOS JRULIN[OD UO PISEq UOI)OAS SSOIO [BIIF0[093 v "y OPIRWEA JO 9IS A} JB UONIIS-SSOID [BII30]09D) "97 "SI

UNEEN D, UUDE QY L 2 (= T DRI YN MR CTANA QYO TFANA CBIERF LAY R ER Oy VT K 9T

daA [0 06651-29/G1
0°€a-L-aiNA

dgA 180 G1/5-688G
L'2a-L-adiNlA —uwg

w9 —

wg — —wg
wy — —wy
we—g/ [ [ e e e L e e e —we
wz — —we
wy— i
o ) I ) I I I I I J | [ [ T N|ﬁ_s,—> -
AWA oy N an en N o oM N eN o 6N ol LN ZIN EIN BN f v
v MN —

160



