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Subsurface geometry and long-term slip rate of the eastern part of Uto segment,
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Abstract: We have integrated high-resolution seismic reflection profiling and drilling to infer subsurface
geometry and slip rate for the Uto segment, a blind section of the ENE-trending active Futagawa fault
zone, central Kyushu. Our P-wave seismic reflection profiling across the eastern part of the Uto segment
with NNW-trending survey lines, perpendicular to the general trend of the Futagawa fault zone, allows
us to define the cross-sectional geometry and cumulative deformation of two flexure zones in depth
ranging from 1 km to shallower than 100 m, from employment of two different sources (a vibroseis and a
hydraulic impactor). The axial surface of the northern flexure and that of the more widely and remarkably
deformed southern flexure dips to the south and north, respectively. Furthermore, deformation pattern of
reflectors shows that both the northern and southern flexure have a normal-slip component, forming a
graben-like depression between them. Those flexures are probably associated with the north-side-
downthrown Uto fault on the south and the south-side-downthrown Kiyama fault on the north. Two cores
drilled on the downthrown (hanging wall) and upthrown (footwall) sides of the Uto fault exposed the
Togawa lava, whose age is determined with K-Ar dating to be ca. 150 ka. If we assume that the upper
surface of lava was level at the time of its emplacement and that no significant erosion occurred
subsequently, ca. 57 m of elevation difference of the top of the Togawa lava between two cores suggests
a vertical slip rate of ca. 0.4 mm/yr for the easternmost part of the Uto fault. For properly assessing
earthquake hazard posed by the Uto segment, further integrated study as performed in this study should
be conducted in the central and western parts of this segment.
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MrE LKL A 7 2 LRV EA ORI OWE %
fEL7= (5513, 14 [X). o#ridtk st G EE i
K L7=. W27 ONFiER%E2 %8 15 KR T.

KA-1 2712250\ TIE, KA-1-T01~-T05 o 5 ik}
TRE S kIIA T 20 EPrRIZIL, 1.513-1.540
5 L1V 1.506-1.510 @ 2 > DOHFICEF T 5 = & NER
o kWA T ZADRBITRE L OSEHLEE,
A1 Aso-3 (CKIAiHEREY) (1207 ka, 135? ka (ka:
1 T4ERT) ; BTH - Frf, 2003), #%# 1% Aso-4 (85~
90ka ; BTH - #HH:, 2003) oFNHE—FHTS.
H L=z & n, B 39.76~53.68m (FEH -34.08
~-48.00m) I3 K OVEJE 54.67~59.00 m (15 -48.99
~-53.32m) T T D KIERHERE X, Aso-4 Kk
THERE O, HEFEWRFIZ FALO Aso-3 KM FEHERS
MR A ENTZ S OCHHEREY TH 5 FIREEN &
L. —F, ARGOEEENDVRVWI L L, Aso-4
KGR HERE D 8 As0-3 KW HEREY) 2 K EITHLD iA
ATEE, BERTIC LY KIRIE RS REgECH 5
Z b, KA-1-TO1~KA-1-T05 % & e kit i+
AT Aso-3 KR TH D AREE L H D (FER
PR R ERME). KA-1-TO1~-T05 O xfkt, [
FIIZEBICEHTRNOLORANNLETH LN, =
ZTCIEARGHTRE RIS X, R 39.76~53.68 m (F£
15 -34.08~-48.00m) I35 K OMVESE 54.67~59.00m (&
1 -48.99~-53.32 m) O ki HERE Y & “Aso-3 &
Aso-4 DIRTERE 2?7 & 5.

KA-1-T06 8 L OV&EAE D KA-1-TO7 IZ2W\W T,
KA Z ADJEITER O340 EFED “Aso-3 & Aso-4
DIRIENE 27 & L7172 KA-1-TO1l~-TO5 D ZFh & & K
<R n (BB 15X).

-
—



Ul IE - A2 - REEER: - BOKFEE - e

KA-2 27 Tl%, +_XTORETART LY 3 — b
B AT ENRIARZATOKIUT T AR Sz,
F£7-, KA-2-T01, KA-2-T07, KA-2-T10 3 X UF KA-2-
T11 TiE, KiUA 7 A DJETEHE O 5347 53 1.506-1.516
OFFAICEFRTSH (FEIBEK). 295 LIeRHE»L,
Aso-4 L BAT HARYT 7T (K-Ah, 7.3ka; BTH -
B, 2003) NEIEL CWARREMRHA. Lz -o
T, KA22 27 TR EB L OZ O AL OWELE % 7
I HIfEIX, K-Ah T 7 ZB FLA% Ottt )E &5
ZHND.

FR U7z & 91T, SR L OVKIL T 7 A
L BTHEA O JRITRIIE DR R, KA-1 27 D KA-1-
TO1~-T05 @ 5 #kHE, Aso-3 & Aso-4 DIRTENE T
HEREMEN B D Z L, F72 KA-1-T06 B L OEJIIIE
HIE O KA-1-TO7 [\ TlE, KILUH T 20T
KOS KA-1-TOI~KA-1-T05 & K& < Hp 5T
BV, As0-3H BT Aso-4 & 1T B A KR HERS
MOFRREMEDRE N ENHA L. 22 C, Sl
TR L Ok T A LR OJEITR O E
T o7 7B (KA-1-TO1~-T07) oW T, &5
T 7 T OB E L2 ESE A7 EDX XD
KWW Z 2O FEER TR T 2 Fhe L 7.
SIS B ISR L. O R A
6 FITRT.

ARl D 5 W B & BETERFZEIC X 5 Aso-1, Aso-2
(141+50ka, W] H - 7 ¥, 2003), Aso-3F L O
As0-4 DET 7 7 D KIUH T 2D FERR L TR
Sy ATARE B (W7 - FT H, 2003 ; E G 1E Ay, 2004,
2007 ; K - HTH, 2006) #% kb U 7=fk 58, KA-1-
TO1~-T05 D & k% 47 O 57 47 i PH 1%, Aso-3 & L O
As0-4 7 7 7 OFIFHNICIET 5 DIk L, KA-1-
T06 35 L N KA-1-TO7 DA %57 Doy At IE, Aso-2
HAHWTAS-1 T 7T L —HLTWAHEIITHZD
(FE16X). BRTHLolc, arfic@obnsE
DS As0-2 & ATEE L CHEH L 72 ) HERAE ICIRNE S
H2EDD, WAOHE ENSHRIRE T KA-1-T06
B L OKA-1-TO7 % & TR E 59.00~61.10 m (2 5
-53.32~-55.42 m) D KIEHEFEM T As0-2 KA HE
FEWIC e S D ATREMEDN EV .

(3) BEHHOLELFHERL

KA-1 27 B L OKA-2 27 OFGFEEH CHER I
A IZOWT, 8 X BT (XRD 2341 : 7 A B —
RE) 2 X BB b FR T 21T o 7. Wik
A& rr I HVE AT IR L 7. AT ICBR
LTCIE, WIRBZEICHK W27 OISO D
M DRGER X O — 2 7 H OEE O FHL L O
IO OX2RET 5720, KA-L 226 13k (KA-1-1:
R J¥ 69.38~69.65m), KA-2 705 23k (KA-2-1 :
VEJE 19.76~20.00 m, KA-2-2 : {£J¥E 27.18~27.43 m)
ORI U7z, BB OREICEE L TiE, WIRBIE
WZ R FREDORUE R A BRI L 2. 8T T,
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W5 oy WORE O X o A& (U 7 7 84 R1X2000)
% FA\C, Kimura and Yamada (1996) & FNEIZHE -~ 7=.
IHTRER A T R T. Bon 2 bk
3REFEBELPLTEY, - ETCicmEsh
TW D IRNES OB b FkEk OKEIED, 1990 ;
Miyoshi etal., 2013) & & —FH L TW\5 (FHE8X). =
DZEND, KA1 27T EBEOKA-2 2 7 KEHBOR
ATV TN B IEA LB LS.

(4) BEHAHD K-Ar ERBIE

XRD 4TI &0 MRIREICRE SN KA1 =27
BILOKA2 a7 OEEIZHOWT, EHFEREZH L
MZT B0, AEEES O K-Ar ERHIE 2T 7.
T IR S s (L B ARSI SE T L R L 7.
IIRTICZER L Ci, WIRBIZRE L OVXRD #ric L 5
i =7 OB O it He D 224 M A EARE I EE S
THREEL, F7lBlOFERIMEOFEEHE ZMF 57
B, KA-1706 13k KA-2 5 2 3k & HlE 1o fit
L7z, @&l B3 XRD #ric fvviz 33k % A
W2 OFTORER, KA-1-1, KA-2-1, KA-2-2 1%, %
L # 4 0.15+0.05 Ma, 0.16+0.02 Ma, 0.17+0.02 Ma
(Ma:100 5441 OFEMRELZRT (FHIR). T
NOFEMRMEL BB —HT2Z &6, W=7 i
DA DR D2 Yk L OV b I AEREOEHE
FElXmnEnz 5.

A a5 S-S O K-Ar 40T, IARIE
(1991) 1T X v i+ & N2 [ A O K-Ar 4 {X,
(145+8 ka, 223+34ka) I X OEHEAOHEHIFE TH
LRI KO K-Ar f£% (148+7 ka) L FFINCTH
%—7J77C, Miyoshi et al. (2013) |2k v #iEshi-
[FVA OFERE (£10 T132+5ka, 136+5ka) LV
B VMEATRT. ZOERMBORRE- Y OFHI
RHTH DN, SEELN-EMRMEE, REsEz2E
P 9 Aso-2 OME AR (141+£50ka ; MTH - HrH,
2003) LHEEAHITH D Z LD, Bl 5257 HIXMH
DOIFEMEORRFHIIE, RPFEIC XL - THfEZR =2 7R
BED B AF ST 15 7R BR) VA O AR &
L CERHAT 5.

34HMEOFER EXFL

A=V 7 a7 pBEHE I OSFEONRERICHES
< KA-1 B X WNKA-2 =2 7 OHUE FR X 2 45 14
KIZaRd . ARREICIE, oFralBH R B S, 80
LHEE S N7 7 T Oxtt, MCHEMER X OVK-Ar
HERSGIRERZ R L2, KA-L 27 & KA-2 227 Tl
FITKRHETE A HE I IRINE S DA THH. KA-L =
TEBIOPKA-2 aT7ICH BN D E)NESE Ll O S
X, FnFER-5542mBL0N142m THY, mED
L 56.84m THDH. MINEEICIE, EHIFE
KIAOFEEREIL, FEIzm-o THAD 35 &
MR E 2T EHIZEOBILD (B 17 [X).
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4. £
41 FEIXMEEERT SETE

FHERMEEHICBWT, HEHELZES (2013a)
(2 &0 oR &N o SRS A2 AR S IR T3
B U 7= RCHEHUERE ORE R, 1EREEHIE F/IC
FRE STz AL H ORI o/ VE 7 D RE A B HUES
ICRBWT, HEIROZBENBD b, F ORI H
~ A R CAERN D AR O R PR o BE it (i
BA) W, Ak E A E CrEER T DM xICAE
RIFEE OWrE 2B HEE Sz (55 9~12 X)) .

g oWrEIx, ZoOE, kB LT homE
(b)) 725, PEDIEH (1979), AIIEH (1992)
OARLWTBIZ KT D AlREENH D (F3X). Lz
Do T, ANLWEITFTEXME TERE L TW5 AR
MWRnd 5. ks, HERELZES (2013a) 1%, Al
VT Je& - AT FE LT SR 5 AT T KR 2 A k3 2 WrJeg oo —
SLLTHHMEL TR Y, FEMEIFEXKEICEED
TUNRU,

AL OrEIALE L, FE*RA IR E O £
52 CODEROERAIL, 2. KEHEMERE
Thik_7c ko, HEFHELES (2013a) ([2XD
IR S I FE LW R O USRS A AR A IR IC BV T,
FIWE T 2L BETHDL Z b, FLH
B0 EMIR LT, =720, FHkERIb
AW O G IEREIZoA L, HETEOThomE
LT D END, METEHOWHETH D ATEE
HHdHD.

42 BIBEOAE - IR

FA XM CEME U7z AR EEA ) S HETE
SNTARLEE R X OFE W, WiE o RS
MAERRZL ORI LR, F=EkrE bR
N, FAENHT 1km DETIIEAEL L O~ 5
A CHEPT D, KEEERERRICLD E, F
T CTIEIF LR ER S - & L BHE R LA 2R
T, ZOZEnD, FREXKBIZEVEHOHM T T
b AevE) o ~@EAE AT AW EmE b oL
HEE SN D

43 ERDRE

AFHAE CHEM L2 KEHEBIREREOR R, T4k
J& 1A ek AL B AR S D TE KT g il 4y & VS, AR L
JE I TARRTEZ AL AR D EWTE R 2 1E 5 (55 9~
12K). 7=77L, A bk X OHERE %)
HADHE, FLRMEIZEERNE LTI MIMELoIE
Wiy x b ot EZ LN,

FHWERL LOKRILEEL, TAEHT 1km LA
ETE, P~EAERBLIOEAE CHEALTWHSD
F72, BEAERFGE (D017, 1979 ; A¥ED>, 1992)
k&, mErEoEmE, AT Z D il
J I8 7 Am ) X & TR B E B — P8 R P L S e O
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5. T LIRS, FLEWER L OKRILETE X
RTINS o TS AREMER & 5.

4.4 FHERLRE

SEHERERAEIC L 0 3RE S = W g (2 BE
92 ATREME N B B R AP L 0D 28 JEAR & o0 R et A T
Ml (KA-1) EFEEM (KA-2) TERBL7-AR—U 7
FEIC LY, WINESE EESR57m OJLfl T30 o
BEAENHERINZ (B4, 141X). @iz 7 ORI
BT, WG EHICmD o TRIAOEIS AN
HEWO RS AEAT S (513,17 X)) . AKHIEAH>(1991)
X, BEOR—Y a7 oIz Eox, ’IA
T BB IO TETRINE £ < & &, FERIZm -
TRENBD L, BB LE2RELTWD.
27 TR LT NTES OI8O R R,
AREIEA (1991) 12 L 2%E R B OR S EFEL L
TW5b., LER-T, W7 omlIIEEE, iF,
EE L72tk, KREBEEZZTZAREEITERWES
265,

IR ENR T, EF LRoE (5 Bm)
DIFEKFECTHoTmENRET DL, KA-LaT &
KA-2 27 O IIEAE FioEEEL, FHkEIC X
HWEER L TCWDAREME N H D, ZOGE, &
ERJNEA O K-Ar FARERS S G 15 THRTD 7 6,
IR O b RS 138 0.4 mm S AEE BEED S
na. =L, KEHEMERERSICE D L, FH
W B S U # O b5 I A e L AR P i D AR L
Wrlg S HEE Ky, MW IS HE A7 X s MR 1
EHIANTWS XD ICH 2D, KA-LIE, HiED R
EAEICALE ST D 2 b, RILWEZ2 &8O -8
ekt LTo L FEMERE, EdRLZEEIn /S
IRDAREMENR® 5.

FR L7 L 918, FEXEEMTIEAEET IS
ZPE D FREMEN B DS, F DO ENLEEICET S
BHRITEDL LN TE o T

5. SERDEFEE

AR CHEM L7 KAHEHERES KO-V
THRAIC LD, T KREA TR IR LB IE R
(ZRBAE STV AL HARWTE O P T IERERIC BV T,
T 3 L ORILETE MRAES 2 "Rtk & 5 2
LRSI, FEEEIZ X DRSO ENS
HC, [RIWTE S RERRRAHE TRICTHIKRT 2 &£ 1335
ZUIS< L, WS ORRAFE M IR LTV % A6
PEAN R, REACEEF FENCARTE S 2 F LW g LU
A g DL ECIE B ME 2 A9 2 2 L, AiE)l
WrigHr OTEE XM 2 L0 EfglcH#EE L, 0T+
AU KR EAL T R & Eh 5 AT REME 2 BT
THIATHETHD. £OD, FHXHE P
IZBWTHARPFE & FRRICRSHEERRE L AR —Y
Y ITHEDFERMNRLEND.
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B AKWREAZFEETHICHTY, EASWE S EET
72 B NZREARTH O BRI O BRI, 2 KedD D
WhEW=EEFE Lz, SERRRKICE, &R0
FRaEHATWEREE, FfcddEd 5 ECTHEER
THEfAE WX E L. BERKKIZIE, Aso-3
KIETEHERE ) & Aso-4 KT HERE ) DB DUV T
EEREREVWEEEE LR ey IR
JHIE Y B 720 B QNS HREEFE Y DR (3 KER G IZ X, &
EsZ MO ZEEE L. U Eo®EEIcsiLg
L EFET. KREIL CHR PRt RE
WETA O 7= O OIE W B A (U H#IR) | SRk 27 4
ER S E T3, AmIWEE, FEXE) o—
HEFLDdDltbOTHA.
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1. BRI OB
Table 1. Outline of the survey lines for seismic reflection profiling.

ARE F7E 3
3,232m AR EHBWAE ST T AZE~ EAEME
2,375 m BRAREATRE LEA~ZERT TAREMNE

02 K. SCREHIERERRA O Rk L OME Bk LR,
Table 2. Specifications and equipment used for seismic reflection profiling.

RE 5%

PRR ST EMERE

2

Al#RL Al#R2

3,232 m 2,375 m

3,195 m 2,355 m

AR 1DB =200~ Al HA440R B D HHEA N E—IE

ZERE QMR 10 m(—EBRXfE5 m) 45 MEECRE
ZAE 2R R PR 10m
BERET L ANE g I
3
YT 231) b
SEG-D
FEFEFAHN 5~10E (FE/(TAY(R)
4~10[E GHEA>/3945—)
RHER D1 —TEIRE 10~120 Hz
REN/IJOYAR 158 R &,/ 044 X :EnviroVibe (IVI31 &)
MEA 08— 15 SME A 73948 —: IMI-20011 (HhEBR T RS ZTATHEEL)
2R EBRI—HEM A THE /NN (TAOY A REHESY
INJR—IZKYRE
EERMEE ] s
A0 Hz o —E S e e e
WIABTORILLI—F— GSR# % \EGSX(OyoGeospacett &)
(A/IDZ>fEHE: 24E VH) GPSHEE(T I BN EREE
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H 3R, T HIE LOMATICAE A L7z e RT A—4%.
Table 3. Main parameters used for processing and analyses of seismic reflection profiling data.

JLIBZ INTA—H REE wE
TLo4ILA INURISR T4V BEE 15~120 Hz
RIFRFHIE - ANV RIZERT 2ARL—2% R LER
Nl
== S =E N
HOHERERERY MR 1,2002U# 84 LISYF R
TarvR)a—ary  JqLER 1203 1% ARNIRSIL
AT A /AR 1% RIOA=UTE
PODEL 24 Imx1m
MEEREET IV RELEEICEAR(300~1,500 m/FD)
=ARA 7tV iEEE 300 m
BT BERREEE 300~ 3,500m/#
FETST7418YRL[EIEL 60[a GRI$R1), 67[E GRI#R2)
BHRRE 1,500 m/F
S EREE 1,500 m/F
EEI LR i) tau-p:1,500 S F~NMOIE # DK E A
HEEj:E!F?éE#FEﬁt/jl‘E 6=U$']\ *ﬁIEE
FEEETE (1E1&H7=Y) i HEHEH
BRURLE HEH 5|
NMO#H 1E AhLyFIa—EREE 175
- N 0~1,50031%): 20~80 Hz ATl a3l
HEERT LS BALINYTURITAILE 15003 JFb ~ - 15~65 Hz %%@E#Fﬂliﬁﬁk
WA, R—V 7 HE DN B,
Table 4. Coordinates of cores KA-1 and KA-2.
TEEAEZID Z5
L2 BE RE
Y (m) X (m) TP (M)
KA-1a7 -27031.83 -22972.74 5.68 32°45'21.57" 130°45'17.38"
KA-2a7 -28495.82 -21431.56 7.18 32°44'34.15" 130°46'16.71"
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5. a7 KAL LRI S N 7zikh o “C ERHIER R
Table 5. Result of **C dating of samples taken from core KA-1.

. REGRE BIEER 0°C WIEER BER HHo : mlRe—
Eit*-l'% ~ (m) (yBP) (%o) (yBP) (682%)1 *iﬁ ﬁ*ﬁﬁlﬁ BIEI—F

KA-1-C01 8.75 5,130£30 -28.0 5,080+30 3,960-3,930 BC (5,900-5,870 cal yBP) g4 AMS-Standard Beta-431260
3,880-3,800 BC (5,830-5,750 cal yBP)

KA-1-C02 6.88 5,400+30 -28.7 5,340+30 4,250-4,220 BC (6,200-6,170 cal yBP)
4,210-4,160 BC (6,160-6,110 cal yBP)
4,140-4,070 BC (6,080-6,020 cal yBP)

g AMS-Standard Beta-431261

KA-1-C03 5.14 4,010£30 -30.1 3,930+30 2,480-2,400 BC (4,430-4,350 cal yBP) g AMS-Standard Beta-431262
2,390-2,340 BC (4,330-4,290 cal yBP)

AMS-Micro-
sample

KA-1-CO6 1556  8,060+30 -23.3 8,090+30 7,090-7,040 BC (9,040-8,990 cal yBP) # K AMS-Standard Beta-431926

KA-1-C07 12.49  6,730+30 -27.0 6,700+30 5,650-5,610 BC (7,600-7,560 cal yBP)
5,590-5,560 BC (7,540-7,510 cal yBP)

KA-1-C08 10.72  6,270+30 -25.7 6,260+30 5,300-5,210 BC (7,250-7,160 cal yBP) i AMS-Standard Beta-431928

g AMS-Standard Beta-431927

! B IFR#8 &L TIntCal13 (Reimer et al., 2013) ZfALY, OxCal4.2 (Bronk Ramsey, 2009) [Z& Y BEMHIEE{To1=.
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H 7%, XREDWIZ LD KA-L a7 BLKA-2 27 M LRS- ma i B O 25 L.
Table 7. Whole-rock chemical compositions of lava samples based on XRF analysis.

s KA-1-1 KA-2-1 KA-2-2 KA-1-1 KA-2-1 KA-2-2
SiO, (Wt.%) 57.98 58.36 58.39 58.21 58.60 58.62
TiO, 1.20 1.20 1.21 1.20 1.20 1.21
AlLO, 15.82 15.80 15.77 15.88 15.87 15.83
Fe,0, 9.31 9.03 9.15 9.34 9.07 9.19
MnO 0.15 0.15 0.15 0.15 0.15 0.15
MgO 2.46 2.40 2.40 2.47 2.41 2.41
cao 5.24 5.19 5.11 5.27 5.21 5.13
Na,O 3.76 3.76 3.73 3.77 3.78 3.74
K,O 3.30 3.29 3.31 3.31 3.30 3.32
P,O; 0.39 0.40 0.40 0.39 0.41 0.41
Total 99.60 99.58 99.61 100.00 100.00 100.00
Lol -0.12 -0.11 -0.05

LOI: loss on ignition
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Table 8. Whole-rock chemical compositions of the Togawa lava reported from previous studies.

SRR,

JKEFAH(1990)

Hil4 NY5840 NY8440 NY11060 NY5840 NY8440 NY11060
SiO, (wt.%) 59.10 58.70 58.30 58.34 58.54 58.79
TiO, 1.26 1.13 1.18 1.24 1.13 1.19
AlLO; 16.00 15.40 15.70 15.79 15.36 15.83
Fe,0,* 9.14 8.99 8.44 9.02 8.96 8.51
MnO 0.16 0.13 0.10 0.16 0.13 0.10
MgO 2.49 2.38 2.30 2.46 2.37 2.32
CaO 5.52 5.54 5.21 5.45 5.52 5.25
Na,O 3.60 3.81 3.68 3.55 3.80 3.71
K,O 3.43 3.43 3.25 3.39 3.42 3.28
P,Os 0.38 0.39 0.38 0.38 0.39 0.38
H,O+ 0.12 0.10 0.28 0.12 0.10 0.28
H,O- 0.10 0.28 0.34 0.10 0.28 0.34
Total 101.30 100.28 99.16 100.00 100.00 100.00
*Fe,0;lEFe,0,6FeO%F BL-12.M.

Miyoshi et al. (2013)

S £, 11092202 11092202

SiO, (Wt.%) 58.67 59.07

TiO, 1.18 1.19

AlLO; 15.58 15.69

Fe,O, 8.58 8.64

MnO 0.14 0.14

MgO 2.31 2.33

CaO 5.22 5.26

Na,O 3.80 3.83

K,O 3.44 3.46

P,Os 0.41 0.41

Total 99.33 100.00
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FOE. KA-LITEBIOKA-2 a7 M LEEES NI E 0O K-Ar A E RS 5.
Table 9. Result of K-Ar dating of lava samples taken from cores KA-1 and KA-2.

z40
AERE  AUYLSE FHE  BEE AUvLags DOHERCAT e gemEteE

HE  GosavaX) Baw)  ww) e (o) (10°cc o) ar (o)
STP/g)**

KA-1-1  J&# (#60-80) 2.8266 2.827 0.04 2827+0.057 166053 0.15+0.05 95.3
GL-69.38-69.65 2.8278

KA-2-1  J# (#60-80) 2.8676 2.851 120 2.851+0.057 1.74%0.18 0.16 + 0.02 85.7
GL-19.76-20.00 2.8334

KA-2-2  J/#E (#60-80) 2.8743 2.863 0.79 2863+0.057 186+x0.20 0.17+0.02 86.4
GL-27.18-27.43 2.8516

*HIRM = CRIODTHREDE/2BD N IR D F{E) x 100 (%)
ERH gRICHEETBTILTUDIZERRE (0°C 1K E) [CH1F5H1KFE. STP: Standard Temperature and Pressure.
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Fig. 1. Map showing distribution of the Futagawa fault zone and other major active faults. Location, name and behavioral
segment boundary of the fault (zone) are after Earthquake Research Committee, the Headquarters for Earthquake
Research Promotion (2006, 2013a, b). Shaded relief image is created from Digital Map 50 m Grid (Elevation)
issued from Geographical Survey Institute (Geospatial Information Authority of Japan). The epicenters of the
earthquakes of M > 3.0 and focal depth of <30 km that occurred from 14 to 30 April 2016 are shown with yellow
circles while the epicenter of the mainshock of the 2016 Kumamoto earthquake sequence is plotted with a pink
circle. These epicenters are after Japan Meteorological Agency (2016).
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Fig. 2. Map showing distribution of the Uto segment of the Futagawa fault zone. Location of the Uto segment is after
Earthquake Research Committee, the Headquarters for Earthquake Research Promotion (2013a). Shaded relief image
is created from 10 m mesh digital elevation model (DEM) distributed by Geospatial Information Authority of Japan.
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Fig. 3. Surficial geology in and around the Uto segment (simplified from Hoshizumi et al., 2004 and Saito et al., 2010). The
extent of this figure is same as Fig. 2. Red solid line and pale red bold line show geologically confirmed active fault
and blind active fault inferred from geophysical information, respectively (Earthquake Research Committee, the
Headquarters for Earthquake Research Promotion, 2013a). Black solid line and black dashed line show active fault
and inferred active fault, respectively (Ishizaka et al., 1992). Hatches denote downthown side of fault. The Kiyama
fault, Tatsutayama fault, and Kiyama-Kashima graben are after Ishizaka et al. (1992). Purple dotted line denotes extent
of the Togawa lava beneath the eastern Kumamoto Plain after Editing Committee for Subsurface Geotechnical Map,
Association of Geological Survey in Kumamoto Prefecture (2003).
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Fig. 4. Map showing the lines for seismic reflection profiling (survey lines and analytical lines) and sites of coring. Base map is after
Ikeda et al. (2001). Area of this figure is shown in Fig. 2.
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Fig. 10. (a) Depth-converted P-wave seismic reflection profile after merging lines 1 and 2 and (b) interpreted profile.
Vertical exaggeration is 2.
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Fig. 13. Geologic columnar sections and descriptions of cores KA-1 and KA-2. Location of cores is shown in Figs. 4, 11, and 12. (a)
Core KA-1 (depth between 0 m and 30 m). (b) Core KA-1 (depth between 30 m and 60 m). (c) Core KA-1 (depth between
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Fig. 16. Comparison of major element chemical compositions of volcanic glass shards taken from core KA-1 and those of the Aso pyroclastic
flow deposits. Major element compositions of volcanic glass shards from the Aso-1, -2, -3, and -4 are after Machida and Arai (2003),
Nagahashi et al. (2004, 2007) and Aoki and Machida (2006). a) SiO,-TiO, diagram, b) SiO,-Al,O, diagram, c) SiO,-FeO diagram, d)
SiO,-MgO diagram, €) SiO,-CaO diagram, f) SiO,-Na,O diagram, g) SiO,-K,0 diagram, h) TiO,-K,O diagram.
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Fig. 17. Photographs showing occurrence of the Togawa lava taken from cores KA-1 and KA-2. (a) Core KA-1 (depth
between 54 m and 70 m). (b) Core KA-2 (depth between 0 m and 15 m). (¢) Core KA-2 (depth between 15 m and
30 m).
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Fig. 17. (continued)
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Fig. 17. (continued)
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