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Preliminary results of the multichannel seismic reflection survey in Osaka Bay, Japan
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SUZUKI Yoshiaki"” ARIMOTO Jun' OTSUKA Hironori’ and HAMAHASHI Mari’

Abstract: Multichannel seismic reflection survey in the western part of Osaka Bay was carried out in
2020 using a boomer sound source. We obtained information on the flexural structure of the Osaka Bay
Fault, as well as spatial distribution and sedimentary structure of the Holocene and late Pleistocene de-
posits above the Upper Osaka Group strata. These acoustic evidences provide clues to reveal the fault
movements and sedimentation history in Osaka Bay during the late Quaternary. We are planning to con-

tinue the survey in the whole Osaka Bay area.

Keywords: Osaka Bay, seismic survey, active fault, Alluvium
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Fig.2  Examples of cross-sections acquired with the geodesic parallel to the Osaka Bay fault. (A) The recorded (upper) and its
interpreted (lower) cross section on #102. (B) The recorded (upper) and its interpreted (lower) cross section on #103. The
seafloor reflection and the unconformity surface interpreted to be the boundary between layer I and layer II are shown by solid
lines. The other interpretation lines are shown by dotted lines. The vertical axis is the two way travel time (msec).
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Examples of cross-sections acquired with the geodesic perpendicular to the Osaka Bay fault. (A) The recorded (upper) and its
interpreted (lower) cross section on #003. (B) The recorded (upper) and its interpreted (lower) cross section on #004. The
seafloor reflection and the unconformity surfaces interpreted to be the boundaries of layers I/I and IA/IB are shown by solid
lines. The other interpretation lines are shown by dotted lines. The vertical axis is the two way travel time (msec).
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Preliminary reports of the Quaternary sediment core drilled in Nakatokushima-cho
Tokushima City, West Japan

hARE"-BLUBE—-hEE - £kHEE - DEBE'
AT - KFEF'-hE #L'
NAKATANI Koretaka'", NISHIYAMA Kenichi’, NAKAO Kenichi’, SATO Yoshiki',
HANEDA Yuki', SUZUKI Yoshiaki', MIZUNO Kiyohide', NAKASHIMA Rei'

Abstract: A 80 m-long borehole core (TK-B-1) drilled in the Tokushima Plain was examined. Based
on the sedimentary facies, volcanic ash layers, pollen fossils and radiocarbon dates, this core was divid-
ed into the following 13 units. Unit 1 is a metamorphic rock that forms the base of the Tokushima Plain.
Units 3 to 8 are Pleistocene and consist of marine and fluvial strata. Units 12-10 are considered to be Al-
luvium based on radiocarbon dates, and K-Ah tephra found in Unit 11. In Unit 10, we found a volcanic
glass concentration derived from AT tephra, but the concentration is a possibility of rework. We intend
to reveal the subsurface geological structure of the Tokushima Plain based on the database of borehole
data, lithologic stratigraphy, volcanic ash stratigraphy and biostratigraphy.

Keywords: Tokushima Plain, Quaternary, Tephra, Radiocarbon, Pollen
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Fig.2  Geological column of TK-B-1 core.
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FIMA TK-B-1 27 OEH (4 80m ~ 60m).
Fig. 3A Core photograph of TK-B-1 core (Depth 80 m~ 60 m).
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#3[B  TK-B-1 27 OFE (JRE 60 m ~ 40 m).
Fig. 3B Core photograph of TK-B-1 core (Depth 60 m ~ 40 m).
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B3KC TK-B-1 a7 DFHE (RE40m~20m).
Fig. 3C Core photograph of TK-B-1 core (Depth 40 m ~ 20 m).
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3D TK-B-1 27 OFHE (HE20m~0m).
Fig. 3D Core photograph of TK-B-1 core (Depth 20 m ~ 0 m).
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Table 1  Results of radiocarbon age.
c Depth  Material scC Conventional 1*C age = Calibrated age (20) | Probability Median = Lab No./ Reference
ore
(m) (%) (yrBP) (cal BP) (%) (cal BP)
TK-B-1 4.52 plant  -26.65+0.16 397+22 508-436 80.4 476 IAAA-201212
360-330 15.0
TK-B-1  8.12 plant | -29.38+£0.16 3683+ 25 4141-4129 1.8 4031 IAAA-201213
4092-3962 85.9
3949-3925 7.7
TK-B-1 12.31 shell -0.44+0.18 5624+ 26 5965-5652 95.4 5814 IAAA-201214
TK-B-1 16.97 plant  -31.21+0.17 5743 +27 6633-6451 95.4 6538 IAAA-201215
TK-B-1 2297 shell 1.43+£0.21 7327£30 T746-7470 95.4 7608 IAAA-201216
TK-B-1  24.83 shell 0.38£0.22 7753+31 8180-7897 95.4 8034 IAAA-201217
TK-B-1 27.21 shell 0.19+0.21 8368+ 31 8940-8566 95.4 8731 IAAA-201218
TK-B-1 28.35 shell -1.49+0.18 8599+ 31 9246-8888 95.4 9053 IAAA-201219
TK-B-1129.31-34  wood  34.91+0.14 8294+ 33 9426-9199 82.9 9309 IAAA-210210
9179-9139 12.6
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Pollen fossil analysis result.
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B FICHEA Y —Tab 0 EA Y —TKar T
DKM DD, = b5 L OHEEE 52 B
REREEERL, RKBBELWDS, 2=y 5 IIWE
NSV EENDIDICH LT, A=y MITICHE
RN BRAHIL L, BROBFHOE TR ENS.
REE 45.00 m ~ 44.53 m (IR A% 3 HAVETE~TeE D
ThDH. EEES52.10m ~ 52.00 m & R 44.81 m ~ 44.71
m TR 2mm~ 3 mm OEEZRT 5. SRICHZE EE
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J& (Sciadopitys), A X )& (Cryptomeria), =7 7 )&

(Q. subgen. Lepidobalanus), 7 71 77 3 i J& (Q. subgen.
Cyclobalanopsis) 13 TIRETH S, FLAXRY J§
(Lagerstoemia) % >3 NZFES .
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I, BRRZRIE X VR EN D Z D, WIERETH
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A= b7 GEE 4453 m ~ 40.55 m)

[EH8 . BT, TRER, BEIE~SEIET )2
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~ORALD IR BN D, TRE 43.65 m ~ 43.35 m [THEES 2
mm ~ 8 mm ORMEE, TR 43.35 m ~ 43.25 m (TR AD,
VEFE 4325 m ~ 42.68 m [X£X 5 mm ~ 10 mm OFELE LY
BN S5, EE 42.68 m ~ 42.19 m THHEED &4
Kith, HRikb~& i35, R 42.68 m ~ 4241 m T
I8 5 mm ~ 10 mm O 44~ i [ 1 & 5 o bR, IR
42.41 m ~ 42.19 m THHLKIAD 2> & i ib ~Z (b3 5.
TREE 4219 m ~ 40.70 m (34 VU — 7R (0% &7 D IREN
MH7e0, FraNR T 5. RE 40.70 m ~ 40.55 m (X
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EDD, IO F v 2 VHEREM EEZ D,

1=y 8 (GEE 40.55m ~ 3832 m)
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40.00 m OJEEIZITERY IR U 5. REE 40.00 m ~
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THRLOVESE & IZHIR MR R T 2.
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Y7 = h10-2 (EF 2940 m ~2685m) 1L, Kb
XK~ A ) — 7 @z R4 508, WEIR &Mk )
5720, FLox=y hEIZEFANEILT DL ETK
MEND. ROMFITERE RS2 G, V7 2=
k 10-2 @ _E#EEOHEEE 28.00 m ~ 26.85 m [LJK A & &4

HIER EWERNS2Y, HROMA %% < &,
NI R AT - B 2934 m ~ 29.31 m O HHE B =

KILT T ARRELTEY, %%iﬂ7w?¢—wﬂ
MHD. KIUT T ADEIr 1T 1.498-1.500 TH -
2. FOEMNG, IR TnT 75 (AT : BTH - #E,
2003) &t SN D AREMEDS B\, AT 7 7 7 OREJKAE
FlE, 30,148 ~ 29,428 cal ka BP (Smith ef al., 2013) T
bHb.
UWCERAEME (F1XR) 2721 m BG5S 8,940
~ 8,566 cal BP (11ufii: 8,731 cal BP) (20, LL FIAEE),
28.35m @ LA D5 9,246 ~ 8,888 cal BP (1 928 :9,053
cal BP), 29.34m ~ 2931 m ® A 5/ 5 9,426 ~ 9,139
cal BP (192 : 9,309 cal BP) DAFEAEAE BT,
BRI WELVDORETHL Y 7 =y | 10-1 [TBLR
MCOMRBRBEOHWHTEHELW. 7 2=y 102D
THIIHERE RO SN, THO2=> 9
PN B AERE CH D T2 L, AERIEN O
WENAFT = bk 10-2 O FAEIHES A% o -
BOWGEERNDHD. 7= b 102 LEIIWERE &
ﬁ T OREWRIZ /72> TR, Ao =8t &
L, RKETHLIEEZLND. A=y NBH
%m‘: MC AR R BB 1L 9 ka ~ 8 ka BEE DB Z =7
EDZ Enn, Ra=v MNE, REKABIEN ST
Bt ToOVELICHER L L HESND. WIRE
b7 a= N 102 1%, HHEEO T EICF Y
T 5.

1=y 11 (GEE 2685 m ~ 12.98 m)
BH : BICIK~IRA ) — T 0% 23 580k 2572

D, L=y 1\ 10 <‘: SWE D OF TR S5, Al
IEERICHE T, EIE 21.93 m ~ 21.35 m OREHICIK
E’é@kum“ﬁX%a‘zwkffét&%%ﬁié‘iné f‘
J& 14.00 m ~ 13.00 m | ZJK~ KA U — 7 O EIRIC
b3 %, RIRICHEB B O % %2 < & 2, :7
DFME T~ AT v~ (Ringicula doliaris) 3 XN X
2 71 A (Theora fragilis) O BALABHER Iz, T
imi%mk?’“%zmz) HE10m OREICAERT HHET
, IR Es (1984) OSEHT i BEHEE O IX 5y DB TR
Vﬁ% itiW%@mﬁﬁ%laihé.
RIS AT - TR 2193 m ~ 21.35 m O K & D k(L
FE@O%,P§2H2m#Eﬁmbkﬁﬂ@%%%
AT KIUAT T ADL L FIANT LT+ — VBT, 1B
DOHTZALVEEGEEND. KIUHT T ADJEITEIL 1.510
-1.514 Thoto. TOR/FHENG, WRT HHRYT 75
(K-Ah ; BT H « #rH:, 2003) (ZxtkbEnd. K-Ah 7 7
5 DREIKAERIE 7,303 ~ 7,165 cal BP (Smith et al., 2013)
ThDH. WE15.90m T b KILUT T ANRET L EHEL
MR LIz, KA T AIAT VT +— AN E L G F
n, JEFERIT1.507-1.513 THo7=. bz &b,
PEEE 1590 m O KIUA 7 A 1%, HRFE21.93m~ 21.35m
O K-AhBIFEOKLA T ALFH—THY, HHHELZDL
DT L&Yk L7z,
HCEMRBIEE (F1R) VEE 16.97 m OFEY) T )5 6,633
~ 6,451 cal BP (91 1 : 6,538 cal BP), &£ 22.97 m
@ BALF D B 7,746 ~ 7,470 cal BP (1 #fi : 7,608 cal
BP), R 24.83 m O HALA A5 8,180 ~ 7,897 cal BP (1
i ¢ 8,034 cal BP) DEMENE LT,
IR S AITIBLIR 272, BRICEBROMA &
Z< Gl b, NBREICAERTHIHEHEZELZ LD,
WEHR Ch L B2 BN, A=y MIRILL
723k 14C AR EE 1T 8 ka ~ 6 ka Rif#% D AR
T U0z &G, Ka=y ME, EHitO &K
IR SN iER O TR H -5 B2 5
nb.

a=w b 12 GRE 1298 m ~ 3.30 m)
B Aoa=v MI2-o0% 7=y (12-1, 2) IZ
IZE'Jézhé. H7=v b 12-1 (12.98 m ~ 11.00 m)
FIWZIRAV =T HDH WAV —T RO E2 2T DR E
/)E SWOHEREN GRS, K=y Mg FEITXKA Y —
T E T D EIE 15 eom O RRATRI~HIRIDE TH 5.
BRICEHBRRBHY OMF 255, BHIRLD. 7
=y b 1222 (RFE 11.0 m ~ 3.30 m) AR~
Rith ~thAb S 2 Wb g & EEH DRRLIS > B HORLAD ~ 3
WAL T DWEN B D, TR 9.95 m ~ 9.58 m [LHRifD
MO D. EEET770m ~ 7.60 m TIZEBA RNV EEE
B O BT 2 ICEEN D, RE 450 m ~ 4.00



PSS PR - PRE - - MRS - DI - SARTE - KBRS -

mIZHRIRE 20 D72 5. B 5 IS ONIRE SN E
ENDH LT 400 m~ 3.50 m TILIRED~WEIR
MH725. 3.50m~330m FKRAV —TEEETHRE
JEEs.

VCERATEE (BF1R): EEA2ZmOMM A 1D
508 ~ 330 cal BP ("1 3ufi : 476 cal BP), 7% 8.12m ®
Wi BT 4,141 ~ 3,925 cal BP (12l : 4,031 cal BP),
TEE 1231 m @ BALFA M5 5,965 ~ 5,652 cal BP (H1 Hufl :
5,814 cal BP) OFAMEAG BT,

B AKa=v FOTFATHL 2=y b 11 1 TEEL O
WY THY, TMLY SR RHEED GRS, &
RICWE o DR S, Fre i HE oM % & Te.
WX e LT 52 &0 n, WIIFAZICHLR
LTNVHAAIEBCHD EFZ BN, 3.50m~330m
DOPREE, FTMNOTVHFIEEZE> CHRET L2 &
Mh, TOXTAEE IS S D IR AR &5 %
bihd. A= ML, WiEO LW E)» e
O EEEEICHY T 5 -EZ x5,

A=y h13 GRE3.30m ~ 0.00 m)

[BHE : Ve, VeERD, HLRLAD & K oo HE A ~ i [ fi
EEUHEENSR L. BENLBOEILS mm ~ 10
mm M%<, TR 20mmEETHSH. HE 3.30m ~ 3.20
m AL 25720 EE 320 m ~ 2.85 m XK A Y —
TERET DN D, G 2.85 m ~ 2.50 m [ZHLKL
Wy, BREFKETEARL, araekiz@mL T
RN WAEAAZE > THET 5. 250m~ 0.85m
ISR B A OPRERY 2 5720, TREE 0.85 m {1 Ur THO#
JEIZZEAT D,

IR . K=y MNIEEN DR OWIKSIEF I,
FEOEETIIR bR WABR A Z LD,
fth o> JE HE L [FIAR IS SRAVICHERE L 7= 13 B 2z < v,
Pl &nn, Zoa=y MIELH DL WITH L2
EDONB AR EZE 2 BND.

4. HRRFERIZTDONT

KUK E & “C ERBIE

TK-B-1 Tl 2 D KILKE &, 9D D HC 4l %
57-. TEFE 2934 m~ 2931 mIZEEND KILUAT T A%
AT 77 IS L, BAEZICEK LT DHE, £
D W& IR A 1E 30,148 ~ 29,428 cal ka BP T& 5 (Smith
etal,2013). —J5, AT 7 7 L [AEHEDEE 29.34 m
~ 2931 m DA )5 9,426 ~ 9,139 cal BP O “C FAX
WRESNTEY, AT T 7 T OREIRER & KX RE-
DN 5D. TDI=D, AT T 7 T DKIUH T AL FEHER
DATREMEN V. ZHVE T, [EE T O L H
s, AT 7 7 7 G EEO KLIKEYHENIE S

q:'l% *L

TWa (FELIED, 2012 ; PEILIED, 2017b 72 &), A
KUK X / TR O &L 70D 2 &, HEfE
FREWET HDICHELRBEB TCHLZ LD, 4
BITMMOHENSF SN TND AT T 7 T L DB
RSP AT E D, Rt T A2 HNERDS.
TK-B-1 ®VEEE 21.93 m ~ 21.35 m @ K-Ah & 7 F I3,
FOET O UCHERRTERE R DK 7.6 ka ~ 6.5 ka (ZHE
LB Z b5, K-Ah OFEIREMNTT 7,303 ~ 7,165
cal BP (Smith ez al., 2013) TH Y, ZhiE L Fo HCLE
RIELEEEHTHS. DLEDZ LD, KAWT 75
MK E A ISR LR Cd 5. R 1590 m
K-Ah EZIRO K WLAT T A1, £ O ET O HCHEREN S
FeSka~S58kallHiEFE L7-EEZE A bNS. Ll
AUERBRIKAER LD F LVERTH D720, KILT T A
ILFHERE L7 & B 2 TEK AR,

T ERBEEICE DL EHBEER

b A EOX I KD E, 2=y N OHERFEN
WZOWTHELET L. T~ R ORI -
BB T M AERE T CTh L&A - A4 (2018)
TIX, Metasequoia (A % v aA 7J&) Nk HIZH
WL, =2+ FHJE (O subgen. Lepidobalanus) t % Pt
9 % J& % % Quercus—Metasequoia 8 1 (Marine Isotope
Stage:MIS21 @ FRR X W FAr) & LT, EMBH 2%
ELTWSD. TK-B-1 1%, PRE 54.50 m T =/l
R T A A X aA T)g (Metasequoia), /™Y
7 X% )& (Hemiptelea), 7 ' J& (Liquidambar) 73 JE
H U722y, 2 Z )& (O. subgen. Lepidobalanus) @
FEMHENMRETHD. o, tho 6 @HEDFENBIX
B =AU R SR T A A I EL LT
D, AU TR L ZRE O LA BEE N
Quercus—Metasequoia 8 15 |2 %t Fb & 4L 2 7] RE M 1 182 D
TERWEEBEZLND., B, 2TORECca T
J& (Q. subgen. Lepidobalanus) DFEHRNEKERTH 5.
W - AREE (2018) 1%, 7B (Fagus), = ZiHiJg
(Q. subgen. Lepidobalanus) 5% P9 5@ # %, Fagus—
Quercus #8415 (MIS21 ~ MISIS @ FFR) & L TW3
D, ARWFERI BN Z ORI E B L7, Ll kD
ZEnn, R TxG L LI EE O A BRI,
Cryptomeria—Fagus 845 (MIS15 ~ MIS11 @ FBE ; i«
AU, 2018) BLOZENL Y & EALOIL I 5HIG
ToHEEALND. TDH, TK-B-1 D=y 3 X
D _EAZIZ I E Hr o> MIS1S DI OHERM TH 5.

b A TN D, RAWEWIER O 5 FkE O G
DRICESE, 4 OHIBIERFES (TKB-1 ~4) %
BE L. £7-, TK-B-1 OHISIEMEEES & KRBT
SO A & %G & L 72 WF9E C d 5 Furunani (1989)
BELOFI (2009) OIEK o4 & DIEFXF &L,



TR T PRI THAH S 2B IR AR — U > 7 OFEH G

RIHREEZRETS. oL, I bORHOHEREE
RAZHDW TR LR 3 T O HERE BR e AT & & o 72 3%
MmN LETH L0, HETHTHRARTHS
ZEITBE SNV, ERERHERFEROHEEIZ DN T
1%, A% OMBETH %5, Furatani (1989) OAH (2009)
T/REN TV D KICEE M T2 0A0 3 5 ROk T8
(Mal ~ Mal3) & MIS & DX HIZHOWTIEE) « =H
K (1999) IZiE~7z.

TKB-1# (L=v k3) : ~YJE (Pinus) MMEHT, =
7Y~ )& (Sciadopitys) ¥ L VT 1 77 2 #iJ& O. (subgen.
Cyclobalanopsis) 73\E & A EFEH L7gW=®, P15 47
(Furutani, 1989) <> Cyclobalanopsis—Sciadopitys 1 %5 12
AT O FHE (R, 2009) IZxttbEad. Zhboit
K35y #iid Ma8 IZFHY L, MIS13 IZkflh STV 5.

TKB-2 % (A =w k5): a2 v ¥v~xE (Scadopitys)
PEETT B H i E Q. (subgen. Cyclobalanopsis) 73
10%FEFEfE S 2 & TR S I & 4, P13 4% (Furutani,
1989) X2 Cyclobalanopsis—Sciadopitys i #7 15 B4 (A
45,2009) [ZxfEETE D AMRBIEDRN B D . F AR (2009)
Tl Cyclobalanopsis—Sciadopitys #8747 15 M 2137 U &
(Liquidambar) 73R CTIRBRBHEMT H 2 & AR
ENTEY, TK-B-1 27 OFEHEE 5750 m T7 V&
(Liguidambar) HMpEHT 5 Z L LEANTHD. Zhb
DR 53 #51E Ma9 ~ Mal0 Ji& B T O IEERLE L2 4R
4L, MISII ~ MIS10 OHERM TS T D, &
7z, R A (2018) (X T A R DL E g e A
MISI1 OFf e LTEY, RKax=vy hH MISI1IZxfth
ENBMYTE LA LHELTNS.

TKB-3 & (L= k 6):~Y )& (Pinus), >V )& (Tuga),
r v )@ (Picea), E B (dbies) NEZAT, 2y
~ X% J& (Sciadopitys), ¥ L7 77 g (Q. subgen.
Cyclobalanopsis) MZ & A EFEMH LW &b, PT
~ 9745 (Furutani, 1989) <° Pinaceae—Cryptomeria #815 19
diAr ORI, 2009) (Cxftbshd. b ko
TR ERED Mall (1) ~Mall 3) BLXOZDHE L
OIEWERE IS L, Mall (1), Mall (2), Mall (3)
IX#FZFi MIS7e, MIS7c, MIS7a lZxfth & T\ 5.

TKB-4 7 (A= k8 : 27 ¥~x& (Sciadopitys)
RO TS TH D Z LD, P2 (Furutani, 1989) |2
S TEAAREMERSH S, Z D4 HIE Mal2 & Mal3 ©
MDIEMERBIZAEY L, MIS4 ~ MIS2 |25tk & 7T u
D.

YL EoTEMm b OREEMT NG, (85 R 28
% B FHH OHEREBIMA1E, MISIS LI £ TEhoiF

NDHTERREIT. TK-B-1 TIIBHEMR S 4 5
2 K, F AL Furutani (1989) 35 L UVASS (2009)
DI T H TR SN D ATREME R B 5 .

5. F&H

EEPE Y SN/ R—Y 727 (TK-B-1) I3,
ZFOBMICESE, B30a2=y MRS ST (82
). = N1 IZEEEERT 2 SIS E, =
= b 2 ITHEREE R AR IA D ISR D D D,
=y F3~SIFEFHTHY, EHEOMERE &)
B 75 (BEESTO=y b 8 OHEFEEREE O HIK;
IXTERDoTD). = b9 (TEEE IO HERY C
HD. 2=y F10~ 12 [ EEEHHE, BLOMEE
LEZOND. 2=y 10225 AT 7 7 F ko k(L
7 ANRET DIEHER R L7223, [FEHED 14C A\
BE2ZET 5L, B Z 2605, K EBOa2=">
b I3 IFANLHFEW S22 5. 55Tk ILKEFCAE
e &b, TK-B-1 a7 DOF 2=y b EYFELERRIEIFINL
RAT =V Okt zE#kD, BER—Y 7 a7 &oxt
2k, BHOMGEERFTHTETHD.

B TN T APEFT OARLIEREE LD, K= T
TR LN DIEBEA DRI SN T ZHRW 220 e,
TRSIEHIA L BT £,

X
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BEXGCEESMICEILESTE - RRBAHIT7TOBERBORE
Identification of marine sediments based on electric conductivity analysis of the Bando
observation well core in Tokushima Plain, western Japan

EBERE" - KBEF'
SATO Yoshiki'" and MIZUNO Kiyohide'

Abstract: For clarifying Quaternary subsurface stratigraphy in the Tokushima Plain, Shikoku Island,
western Japan, we conducted an electric conductivity [EC] analysis of sediment samples obtained
from the Kitajima Formation of the Bando Observatory well core. As the results, we found at least five
marine sediments in the core, M1 to M5 layers in the descending order. Pollen fossil assemblages and
paleomagnetic record suggest that the M1 and M3 layers are likely to be corresponding to the Marine
oxygen Isotope Stage [MIS] 5¢ and 11 respectively. Assuming that this interpretation is correct, low per-
centage of Cyclobalanopsis indicates the M2 layer is possibly corresponding to the MIS 9. Pollen fossil
assemblages and paleomagnetic record suggest that the M4 and M5 layers are correspond to the MIS 13
marine sediments. Subsurface middle to late Pleistocene marine sediments suggests that the Tokushima
Plain has been continuously subsided since the middle Pleistocene.

Keywords: Tokushima Plain, stratigraphy, electric conductivity analysis, pollen fossil, paleomagnetism,

Quaternary
1. IFL®HIZ

FE S VBRI AC O AGE O P R IS A E T 2 iR T,
W COERN 10km, BATEN75km DILSE2HT D
(1A, B). FEALBITIFIERTE I D ok
YERTRE S (A, 2020) ICk > TREIBNS.
BRI B AREE AL, AT R Tl AR
FHRESELHWIE B2 5N TR (MERAENT
HEMEASHT R RR A 2 B2, 2017), KBS CTHEE T
PPIARWT A I L oM ER IR XD LM TE D,
wﬁ%%ﬁﬁﬁgﬁ%ﬁhf,twﬂﬁhﬁﬁﬁ%®
TSR EREDS, AN EI SNBSS A DA T D
(3B 1K B; BARIED, 1995). F7o, FEHZDIITER
T R & AT ARAL ~ L B ARk b, B B3 0y
L, & OSSR OIRENC Ko T
AL LTV D ([, 2020). 2305 OB ERIO BN BN D,
BB DI B0 B RS E A, AT
By 3K 6 mky, b FRY M 0.6 mky & BAED B
T2 ([ 19705 [MH - $#2, 1997).

TSR O IR N U IC B L ClE, 1960 A LA
FRI22 < O RN ThTE R (Bl 2L, FIINIED,
1964; FRILEDY, 19905 JUAS -V (L, 2019 72 &), H)I]-
ZHEE (1965) IXFEMNAM TITHEZ /3L, EMAHBIA
WCERE, EBE a4 Lz, EEEITSOKHEEC
B U CHERS L7- g <, W@ Icstbs g (Bl
&7y, 19905 [, 2005). s, ALEE LT~ %

FHHICHERE LT CHEESND S DD, 7 LWHEFEE
RIFFHATH Y, BENZRTROFERIT RS TO
VN (Kawamura, 2006; JII & « ¥ 111,2019). F£7=, 45
BIZEEN2REHMYICEILANETIND Z &0
O, BRI LART OWRBE N HERS L 72V fg <o 5
AREMERNER S WA oo (IR - L, 2019)
CNE CHEREREL R EIC oW T OREM A RAEIE e &
TN,

PlbEo X o @S2 5F 2, RFFETIE, HEF
ﬁ?@ﬂéﬂt%ﬁﬁ~UVﬁ27ﬁﬂﬂvkof%
BACHBBIE D 7 A5t b LT, HRMBBA DB
{238 (EC) M &4T\, AbEJE S oigEg O E &
R oHEE 2R A 72, & 51T, EC s S
Z, BRI b E L O R T OfE R 2R A
AN U7 /6 5, AL B e g R LR A 7 —
¥ (MIS) 5 LRI DI OUWERE 3 5 £ 405 wRetED &
WIZ EAURBENT-DT, ZZTHETS.

2. RERBAHITOME

$ﬂ%v&otW$ﬁﬂﬁzfg,tE%E%ﬁ
1995 47 JE | Z 1 J25 U U5 P9 77 KRR T 25 C i A1 L 7 i 1
FES52moarilBchsd FH1K, F2X; MIh,
1996; M - 2k, 19965 FAA - 5idE, 2021). =27 Ofr
B 1ALk 34 S 8 47 40.33 Fb, AR 134 J5 30 47 52.54 F
T, SRR E O TERRICALE TS B 1IKO).

*Correspoding author: Sato, Y., Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. E-mail: satou-yoshiki@aist.go.jp
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A) AEFAGHEEDDRNE. GS-K1 2 7 I3AHE (2009) ASTEMMLA A 7 Liz =t 7 OfHIH A & 7.

B) i FEFOHEMMX. FEXIZ20 5D 1 v— AL AMER, EELKITRAFETMERERE L 4 —,
(2015) ZAEH. TK-B-1 =2 7ixhaiEss (2021) AVAEMREHEZ R Lz =2 7 OfEI LS 2R~ 3.

C) HRABIHIHOALE. B 25,000 730 1 MR 26 1. JERTE OALE IR BEE) (1999) 1I2HES<.

Location map of the study area.

A) Index map around the Kii Channel. Locations of the GS-K1 core is based on Hongo (2009).

B) Geological map of the Tokushima Plain. The base map is modified from the 1:200,000 seamless geological map (GSJ,
2015) . The TK-B-1 core is described on its lithology by Nakatani et al. (2021).

C) Location map of the Bando Observation well core. The base map is 1:25,000 topographic map (GSI, 1999).
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Fig.2  Lithology and measurements of electrical conductivity and pH of the Bando observation well.

The geological columnar and results of pollen fossil and paleomagnetic analyses are based on Matsumoto and Arai (2021). The
marine oxygen isotope curve, LR04 stack, is based on Lisiecki & Raymo (2005). The light blue and light red colored areas
indicate the marine sediments (M1 to 5) and brackish to marine sediments inferred from EC analysis respectively.
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Fig. 3

Scatter plots of measurements of electrical conductivity and pH analyses of the

Bando observation well. The dashed line indicates the first approximation line.
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FERMBEEDHR—) T L BEEE
All-core drilling near the Tarusaka Fault and geological structure in Yokkaichi City, Mie
Prefecture, central Japan

AR R REAEZ Y REER T WKEE - ZHEE - RBEERS
KOMATSUBARA Taku'", OKUDA Hiroyuki’, SUEHIRO Masaki’, AKINAGA Yasuhiko’,
SAWADA Motoki’ and HONGO Misao®

Abstract: A 40-meter depth all-core drilling was carried out near seismic prospecting line crossing the
“inferred Tarusaka Fault” and terrace deposits (shallower than 10-meter depth) and Ooizumi Formation
in Tokai Group were recognized in the core. The Ooizumi Formation dips about 10 degrees in gradient.
This dip is similar to them of the reflection planes in the Tokai Group. The Seismic profiling and cor-
relation with drilling data surrounding the exploration sites made clear that the southwestward gentle
dipping structure discovered by seismic profile and this drilling have initiated since after deposition of
the Ooizumi Formtion (latest Pliocene to Early Pleistocene) and have mostly developed in the late Qua-

ternary.

Keywords: Ise Plain, all-core drilling, stratigraphy, terrace deposits, seismic velocity logging, pollen

analysis
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JEE L OfE 1 km LI o X CHUEERED 6° ~ 15° D
A THEIGICER L TWD Z &, RSN (U
RJFIE DN, 2020). 2 ORAERA & OFEC, HEBEY
DM EET D22 EME LT, TRNTEORMMA

A, I 5 PR A R 0> CMP No.330 {135 (55 112« 1Y
H i v Bl ) | T4 O K E PN Abfd 34°59'22.33", Bk
136°37'10.52", FLOHEE 12.247 m) (2B WT, R 40
mOA— a7 R—U 7 (fL4 : YIRS) & jpEz
ERE (EEMRE) 2170, 1REHC W TIER O
BT 7.

2. A7 DOEERLE

BonaTIZEbO TRAT, a7y 70 Lk
HHEREEOWME AR T L2 LN TE. 20w,
JE BRI & A B 1 D TE S O Fe RAEFH T i - ] -
B L. BT, Blet - BRI AT o2 (2B X
U3 X).

a7k, bikva=y 0 L), 2=v 1 (K
MEEEHREY ), 2=y b2 (PETHRED), 2=
N3 (IR - RIRE) IR TES.

IR, BtzR<a=y 1 ~3 {225\ CEMZ K
T 5.

az=y b1 (BB EHERERY : FE 3.60m ~ 1.05m)

= b1, AR AR O 55\ A B A, R 1)
TV NDOHEENS R HREFEHERE Y T D, B L 55
em (= b la) IFMEZR EDBNABIERHZZ T2
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1 FEEEHATR G FEAT B ARG & v & — HETFHIFZEEPY (AIST, Geological Survey of Japan, Research Institute of Geology

and Geoinformation)
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3AREHT VT AFHAHT (Alps Technical Research Laboratory Co., Ltd. )
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Fig. 1

Location of drilling site and its surroundings. Base map is “GSI Maps” in homepage of

Geospatial Information Authority of Japan.

WoTHD., €OF (2=v b 1b) (T EGMKAET S
W~ & TR ET 5.

a=y bla(ERE EH#EY LA R E 1.60 m ~ 1.05 m)

BRI 20 mm LA FOTERE, ¥ — FOBEB LW,
HIRE~ LRI 2 5 Zr, FERICIRIKAS I, WR LY &~
NETHD. &L REET. BT SEBE~P
Bar 2T 5. AN EEZ T TND.

2=y Mb(UEGIER EHEFY TR : %R E 3.60 m ~ 1.60 m)

KL T D3 oD LA =B D~ T
5. WHEPOBIE, HRKTER0O0mMm ThD0NE4
mm ~ 20 mm O HEAFEEN L. BRI, RS, s

FEELT, Fy— bbb AaZES. R
10 mm LA LD & O TS - s DN £ <, Ml
WZIETF v — MRS OBERZ . RCE AL R O
BEOREIITES | mm BZEORIL (k) #IEAFED
DAL, FEREEED PIIXEIN TSR O & 725 T
WD HORD R e, WEEEOREE L, TERAET
YV Ny EET, WIKO R W T RS20,
10YR6/6~6/8 (1) Oiia 29 5.

WoREIE, AR - 2L MR U Y CHIKAR B O~ HkL
WaERE L, RIZEHNRAED LD, FFIZ 1b & E
BB (AEEE 1.95 m~ 1.60 m) IZAAIR Ze Rl A T BE S 519 5 .
g0 EEILEBE (10YR7/8) %, B BLEITIC Sk
1B fa (5YR5/4) ~ JKth (2.5Y6/2) 227 5.



MG EIT I OAR— U > 7 & R I

(W) Zh
o 6

8¢

A

9¢

113

0100 Y LA Jo ydeidojoyq
THE O L= SYLA

781

— O [N ©




AR BR - BT - REEER - BOKHEZ - EEHEEE - AIRSEf

BIETRE (m/s) Vs
d=Zwhk RE
6L 0500 1000 1500 2000 | 040 045 050
s 4 [30 0426 10m
e [E 160
T8 30 830 04]1
BE 56
2a 280 7 0414
}:E —— 455
i
, E&Q b 370 910 @1
§4*7” 0473
B
2
o w0 0471
10.00 ==
321100 [
3101@( 01481 0
iy
3b )
50 4 M = st
161 [ 12
® 360 0474
B o [ ] i~
3B i 3 KL~ AR Y
B 390 s
;;g 3 g0 0475 R (4 LT~ )
= 2345 g (E& L TA~EAR)
3e 400 0472
—2510 A RER-E8
< ‘ TYRISZ R
N
3f N B ) 1478 v EER
< A BT
—31.00 ) = *[E%H_
\/\ . < IEfE (BRI E)
3
g 7 0 | o A AL (R
—34.60
AN 0 1 0466
3h N
—36.90
. 350 o 174
|
TERGRHRER B4O @ 1780
40.00 =—
%3 YTRS =t 7 OHEFRA .
Fig. 3 Geological columnar of YTRS core.
THAD2=y k2 (2a) & OEFIZHABETH 5. OV R EERO LA — (a: HE 4.55m ~ 3.60m),

HER O ~TbHE R g (2b : & 7.15m ~4.55m), T#

2=y b2 (P EREHEREY : EE 1000 m ~ 3.60 m) OEARU Y (ZEE 10.00m ~ 7.15m) [T T

o=y M1 &Ll U CHEEDRILERE D & <, L. Tozx=vy 3 ORI, a700NEICY
HEMBEEBERTIND &V ) BN SIEE 3.60 mD 725 72D TIXRWD, HEREY O @I (RIKE R L)
R JBHIBER Z5EICR Y T& 5. Ax=v ME, E SRENLATEETHEZZDOND.



LW 5 D AR —

a1z b2a (PEBEHBEY LS FE 455 m ~ 3.60
m)

A (VR 4.00 m ~ 3.60 m) ASEEA (2.5Y7/3)
DOBEEAEZITIZIELY L b, TED (BEE 4.55m ~
4.00 m) AEFEE (10YR7/8) DOABABRIC LG L /=R
CYIor haERET DN, WEEHIBHNTHD L
A —EHIe LD D, B TIERCE ORISR D
IRV, EIKIZB 2V, FEid L& ik LTl
IKOBRWI IV NEEERET DR, L XRo, B
Wb d 5, FHIRL~HRIAD O fE N 2% < BRAE L, EAL
TR BB SR D AEIBEEL R & D B DIED, K
IREE O b EE D

azy b 2b (REEEHERYPER: FE 7.15 m ~ 4.55
m)

BvAv—o LGk (—T EAMe) 75
W~ SR 5.

LB, BEOLFEREG S EEDOD20, £ 4mm ~
30mmEELALFE L TCERLE G, EH~HEAMEE
e L, EFMEALT D LA =000, HE 6.00
m ~ 5.75 m O~ F RO 1 5 kL
L. WOHEE T OBEE, MCE, BAERE <, ERaE D
BEND. BEIEIaEERICElREATEY, BEEITE
S 1 mm ~F mm F2EORAEEL S H, KM
WHILD. ERAEBO—MITH CRmEZH 2 Z LN T
AL LD, EEIIEREE DO L b -
AR U0 M ~HR 0 572 0, WIKITE < e, J&
BIIHB O~ B Er 2T 58N L VR, —H Ty
VHUNBE L BB ERTD.

WX, RfE Lz NER~HRIR S D O
DLW, 2=y b1 O & L TRKB BV LA
Y —NEZU. EESTSm~565mOWEI, HER
IR T D OEPE SL b ~ KR RD JE 0 B E A E
Rol=bDOThHD. HBE650m~ 640 m OWEIL, L
FHBIAL T 2 MBI~ L NE S 72 5. TREE 6.80
m~~ 6.60 m DWW g LM% 5 A, EIFRi{b 9 % Hokn
~HRETH D, B, £ < O THTEB A~
At (2.5Y6/6 ~ 7.5YR5/8) % 24578, —H#CHZR
W (5YRSR) 5T 5.

azZy b2 (REEEHERYTE : FE 10.00m ~ 7.15
m)

g L7z, mAEEFERCHEMAEEEET, EARELY
WHEEETHL., EX10emBEDO /L MEU D F~H
WikbfB a9 % . BEREIT 2b & RIS, Bhas A
%<, fefd, Fry— NEET. W, R OB
15 mm OEPIEIRD DL ORE L, fbRa
BUIE CTHREZEI D Z LN TE AREICEL L TV 5.

U7 L Mg &

HEL, Vv b EELAEIKR, EREEO, Hhi~
FRHLRID A 572 0, IS5 WEEE (2.5Y6/4) 25T 5.

1=y b3 (RBEBLER - KRB
10.00 m)

2= b2 L EOHli)E & ik LT S IR B
<, BEMOBEGEENE N &b BALE & ITHEIC
Ky CX 5. EHIKO B WKL~ FRiib g % £k ET 5
N, WHEEECIRAEEE &, BAICESWT3a~3i0
9=y MIMHTES.

R 40.00 m ~

d1=w k3a(KREa: FE11.00 m ~ 10.00 m)

37t L4 LA v—o, EHMRET D, HEE~
WD %, AMEEREIL E kb A RE 2 FE D,
B K% 20 mm O 2 D B E A, H~HURIRD O B
D725, AEEE LA Y —OREIZITHI D IABN R E D
HivA. AHEEX, R EAb L, A7 YU ESRO,
b B, R T o VR, BB EOMN ST B,

AEEERE i, AREERE S DR TS, MRHDRL ~ AR
WENBREST D, ZOEITHAKRICEREL, LIk
B3 2. WEHFIIZEN L7z TIROERN L D
LD.

A ~ b g D, %< O THBE~F A
(10YR5/8 ~ 7.5YR5/8) #3572, —#hidfib~ 2
UHNRE L CHRBAEETS.

2=v h3a b FMioz=y k3bDERIIaT DY)
AEIZHE =572, MHEDORERITDN G20,

a1=w k3b (KREDb: EE16.15 m ~ 11.00 m)
HIKO RV, EX 10 em ~% 10 cm & _E 5 fkifb L
A —TLIZkB LT, T — AR~ HURI D A
B, LZALZATEIH cm UL TOY /v NEWE
AT 5.
WREPIIZRE S IRIEE A EEE RV, L Xk
WERI0mm UL TO~y K7 T2 MNOMBEE GTe. —
BRI AEMERLR A LD BN D.

XK A~ (2.5Y8/2 ~8/3) =29 %.
TALO = |k 3¢ LITWRET 5.

A= k3¢ (KREc:RE19.75 m ~ 16.15 m)
WIKOBWEZ E L 52528, Mg~y K772
N EDEIR Y L, WE L NEEHET 5.
g LR b3 %, JEE 1 em~ 10 cm 2 D H
B D, BB LT Lo — R R~ HLR D JE 5>
5725, WEPIITRESNZIZEAEEENT, WK
XRHFTHAH.

BFE LY LEE, BEEOES S om ~#10cm D LA
Y—%7 L, BRARTE20 mm OMEEL FhE+ 5, W
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M~MEEAE L G, SV My ZE e A iiEIik o
Bk 2 8 -9 5. R LEF o, (&
MEEEN 2 <, WE, MillCe, % — Me E Ol 5.
VEE 18.20 m ~ 18.00 m fHTIZIZEE 1 em ~ 5 cm 2
EOWECOBEL NV NENEREST D, ZomE v
NEE, EMEELE ST T D,

WO, HBEA~HE®G (10YR7/S ~
76) HET 5.

RO = b 3d LIS 5.

A=y b3d (KREd: FE2345m ~ 19.75m)
HIKD B, T a— REdRi~HR 5720,
LEO~ Y R T A NOMEEZERICET. BB
IFE AL EER. JEE 10 cm ~% 10 cm @ [ J7 ks
b A ¥ —ZCICET 5.

TALO= |k 3e L#lifET 5.

d=w bk3e (KRB e: FEE2510m ~ 23.45m)

EIKODBRWWEEEL TN, v~V K7 7 A Ok
LS EUBIRLY BEEEGTS.

WEE, kT s T v a—RAE~Y v O
MR~ R O L= b o b s, E o
JE & L TR EL v by E . BRET
WCHFEESICERI0mm UL TO~y K7 7 A MR EE
ns.

BIRUY BB, EE20mm Pl o~y K77 A K
8 mm LU O~ A%< G, PV MEEY
AR ~HRW 2T L35, BNk > Tid~y K7
A NRBET S, BRIV T VA, BRSO
HONL. FEIF U N EE TR~ AR O 5
B, vy K7 T ANEBICELHE S TIXRAEOR
KT L My E%L &t

WHEOEFHIL, Bo~PEBE (2.5Y7/8 ~ 10YR6/6)
T 5.

D= ks 3f LHiET 5.

2=y k3f (KREf: FE 31.00m ~ 25.10 m)
WIKD B, B8 L7 7 L 23— R HR~ HUR ) 8
M7 D. HORRHR D M2 F T & T 1E e,
TER (EHE 31.00 m ~ 29.45 m) TITHIEED 72 b <
BEND. IV ESEIEEALEEER .

EFNTIC S WD (2.5Y6/3 ~ 6/4) 2T 5.
TRLOL = k 3g LWRET 5.

A=y bk 3g (KRB g: &E 34.60m ~ 31.00 m)
MR~ fRILfE &, ~ v N7 T 2 MO A &

BHE T Y 1828 10 cm ~3 10 cm BIFE O HJE % 729
W I XA g Lz, Wik Ry, Tra—2

BRI~ 2 = 83208, BRI~y K7 T &
FRHIEE NG EN D, BUEICL > TXLBEOERNG
b, EEPICEHETOILNIREENDEUEN D
L. BN EIFHE LT A LA Y —REEND.
R LY BT, B40mm U ToO~y F7 TR
B e U P N WL 11 SYASRY % i TR o i
5. BEECY LEOK VA Y—EEIXTMO VA Y —
ZHIVIAALTWD, e FEOTEE 34.60 m ~ 34.45 m D
JFETIIREO~y 7T A MNEEL, LHITvv
b %G HUIR DS EE .

wEo i, £V — 70~ EEG (2.5Y4/4 ~
5/6) 2T 5.

TALO= = bk 3h ZH] VY iATe.

A=y bk 3h (KREh: FE 36.90 m ~ 34.60m)
HEIDRE LI RB R 7 L 23— 2B R~ R b
b .

BRIZVV M EIFEAEEET TN EWV. BIRIC
il S N

BRI e B~ (2.5Y5/6 ~ 5YR5/6) # 23 5.
Thro==v b 3i L@ khik) NEaET 5.

a=w k3i (KREi: FE40.00m ~ 36.90 m)

BEH O FEE LR 2k R E N D e DL bR
ROaT7PREITE N, FAT7THIDZENRTES
FREOEEETH D, RIRICDBEDEWEILN R LD
HNBIED, BN ESHERBE A A E D HND.

LEBOVREE 37.60 m LIFITIR A~ 0 (2.5Y7/2 ~
8/6) AT DN, BIRIFIKE (10Y5/1 ~ N4/ ) 2 295,

3. e

= b 3i (RGERERE - KORIE) OTRIE 39.66 m» b
BB L 72 m RBHZ DWW THEM oW 21T o 72, & Ofh
RE2H 1 RIRT

RAFED D 5> HLHIED B ARSI B ET D oy HHE
TIE, R OFRSER CTh D Pinus (=Y JE) 1EH
ML RGBT, FRkEER O Tuga (¥ HE),
Sciadopitys (27 ¥~ X&) OAEW M Pinus \IZWNT
Z < FEM Lz, Fiz, B OEERIER O Quercus
(Subgen. Lepidobalanus ; = Z )@ a7 W)E) &, &
IR PR ER O Fagus (7T JR) BERZN10 %
FRIEHEL L7213y, KRR SRR IR W kIS B R
aFZmT AT
)& ), Castanopsis | Pasania ( >4 /) XJ@ | ~7 /304
J& ), Mallotus ( 7 AH T8 ), Sapium (T F)E),
Camellia (Y /3%)8 ) NEEN W=, AXBIEHIXIT
ENEE LT

Quercus (Subgen. Cyclobalanopsis ;
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1R RE39.66m GRUBEHRE - KRE 2=v F3i) OLHIIRER.
Table 1 Pollen analysis of 39.66 m depth in the YTRS core.

F 4 #
Abies IR 4
Picea A== 5
A |Tsuga Y g 28
2 K |Pinus ~ Vg 38
1 [P . (Subgen. Haploxylon ) 4 ER A% | 1
¥8 W |P. (Subgen. Diploxylon ) ~YR=3 v~V 11
Sciadopitys ayvY<XE 22
Taxodiaceae AXH 1
Juglans | Pterocarya I/ YU TG 6
Carpinus |/ Ostrya I TR ) THER 8
Corylus NI E 1
Alnus  (Subgen. Alnus ) N XBAY ) SR 4
Fagus crenata type TR (7 13
F. japonica type TR (A XT TR 6
F . other type TR (FDfhi) 1
Quercus (Subgen. Lepidobalanopsis ) aFIEarIHE 24
Q. (Subgen. Cyclobalanopsis ) aFIRT AR 4
- _|Castanopsis | Pasania A XE /) TN UA)F 1
E A Ulmus | Zelkova =vig / rrxg 7
; j; Hemiptelea N Y XIE 1
N Celtis | Aphananthe T /XE /) LU XRE 1
i, @ Corylopsis I XXE 2
Liquidambar 79 )& 5
Mallotus TAATU)RE 3
Sapium TIXRE 1
Parhenocissus Vg 1
Camellia YRR g 1
Elaeagnus 78 2
Nyssa X2 IAXE 1
Ericaceae VYU 1
Oleaceae E7EBA)E 2
Polygonum (Sect. Persicaria | Echinocaulon ) ATV FE=LTH ) v H I |47
.. |Geranium AYA=D AV 1
" Carduoideae * 7 B 7 g 6
i Artemisia IEXE 1
W Cichorioiddeae X7 B & AR REER 5
Gramineae A 2B 31
Cyperaceae >V IR 17
Lycopodium  (Subgen. Lycopodium ) vy AXTEe s X TR 11
¥ |Osmunda Po~1E 1
" |Davallia 7@ 286
f  |Polypodiaceae 7 7R 74
#  |monolete type spores HL4: O R 1 728
trilete type spores =R AR 50
unknown pollen and spores 33
et 1497
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Table 2 Measuremant of elastic wave velocity.
Fih P T E %
\ ‘ P | I1m~18m | 18
Z 0y i — )V APSH & \
Sik 1 m~8m 85
\ P | 19m~36m | 184
P ARy g A PSHE ‘
Sif 8§m~36m | 2951
POV B (R ) 37.80 m™~38.00 m .
25
(25 1H) 38.80 m~39.00 m

ARAREY O 5 BLBIED HARKFNFBIZIZHE LR\
HEED S O D72 )>C, Hemiptelea (/Y 7% X&),
Liquidambar ( 7 7@ ) &, {RAFRIED BV Nyssa ( X
v I AFXE) BFOLNTZN, Carya (T 2)E) ILFEH
L7pinote.

BOK fE % T X Polygonum (Sect. Persicaria /
AT BV TEH U IMH)
% L O Gramineae ( 4 RF}) NELEH L=,

THRE ORI T IXFEHIT L < EEH L 72
SRR < FE LTz,

Echinocaulon ;

FTHH

4. EHREEAE (PSIRE)

HUZ& AT < DO HEREH) O R A B 5 2095 H I
T, FLNAKAL K 0 EERIZHOW TR A v kR — LT,
FLAAKAL HTEEE36 mIZ DWW T A2 r v g VT,
S SITILEER DTS 38 m ~ 39 m |% 1 m [BFE THEL
72K &20cm O a7 REHZOW T UL ZBREEIC L D
AEIOE R E T, PR LS I s E 24T - 7 (O
2 %), FERITE 3 BRHRIREAA TR

P - S P X E N Eh, (KN E: HEREY) & (7B
EHEREM S (== b 2b) LI T 730 m/s ~ 900 m/s,
280 m/s ~ 370 m/s, HP{ZER EEHERES) FED (2= b 20)
D HEERE + KI8T 1,630 m/s ~ 1,740 m/s, 290 m/
s~440m/s TH 5.

5. & B

5.1 HEYMOHIBRE - B - #HBEERICETIEER
AL B EHEREY) (2= b 1) &P B EHERY (=
=y F2) I, W LIRS EL, B - Ko - R
Ny 7 )b A TR S ILIRIC /AT T 5 SeRT e — SRR
DR < Gl Z L e &, BUR AR O HEFEY) & 2]
TR ERT 2D, W) O RHERY &5 25
W5, FNENE, BEORAGEEE & L KA T

HFREM NI T O < BRI Z A, B SR IT R
Z ORI ZAOHRM EE2 DD, 2=
F2RNEESmPL EOEE LA Y —OHEFED N DT D
Z oL, JE I o #RIE TER D B AL B AL AL B T HE
M ORSC, BAELERER -V V&R E b TG

L7200,

A sk (U A LR ICEH T A e
H, 1984) OEFHOLALNE S IIR)E & Hl L2 =
F3 o0 TiE, &V 7 2=y b3 mOESE LB,
JBHNEZELTWDZ LG, W ESCE K 2
RS L 7= HERE Cd D aTREMERS E . Rl = b 3i
WD BOAEMBEE A Z T IERORET LR 5
0, DIV RRLENEMRSERET S L1, 20
P =y FREVERKIE CHER L7 2 & AR
WCXFFT 5.

2= | 3i OER IR, HEREERUIZ OV T
WD XD BRBENTED.

3o AEm AL, BITED HARTIBICIXEH L
WO RO 2 ETe 2 L, BICRERIO B
W Nyssa G672 n, “IRMEREIC L 23810
£ EIEBE T W, BT, Liquidamber 35 5 0N Nyssa
MWIZBEM L, Carya DEEH L7\ &, Persicaria )
FEHICL S EMT D &0 ) RHEE, BA (1964) OfE
WD WP 2 MR Lo | (1990) 12X
L, wEREEE LR, RENT 7 7 ~EK%7 77 M
DREUEL Y AL, HoOF)T 77 X0 FioBrEolt
Bk s —%+5. Zoob, BAERT VI, HEE
WERE - g BET 7 7kt s (H)I - HH,
1989), JRE)IT 7 Z & & bIT HBEAEI F O T 7 A E
WARBRHICALE ST s (Hl - &), 1990). <¢)IT
7I0%, HHEKERFON T X - <Y <iER (258
Ma) B FIZAZET 5 (ZEI1Eh, 2013). LlbEnn, 4
[FI5 5N MBI RIC S < = b 31 OB RIE, fif
%ﬁk%-ETtyVTV%%%#ﬂﬁgﬁﬁé.ﬁ
AT A DR 6 km L5 O, KR TALOE:I & H
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Fig.4  Dips of bedding plain in YTRS core.
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HIER R ) DIBRICIE® A BRA L2 &, 6l
DORESE T M ACH I (BB HERE Y O HERHA DARE )
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SEEEREINE X — LU B T ERE TR DI
A=V TERORMFT R 2 W2z, a 7 EEE
E DT o TUE, FEEENTRA T UV F A 78
P OBIARE 1 IC, S KEZAOTBAFIKL LU
BURUR P RSB B SR A4 JR B K e A2 0 < H
BERERIZ AW =720 e, Bl E R <
L EFEd.

2l - IREER - AP EE - TR PINR -



AR BR - BT - REEER - BOKHEZ - EEHEEE - AIRSEf

AR - M —2 - R B (2013) =HRA
L2 o3 AT 9~ 2 g IERED AT 7 A = fax (Ll Uik
SUBPESEAR. MU ZEMERE, 119, 679 - 692.

ANV BR - BROKEREZ - BEHE G - REEES - RA
Z (2020) =EEURDY A i EE ST S O SO A HLER
PR, A AOCAE BN R O U - T 7 AR A
FgeEs, HERAERG ¥ —##, no.8l, 85
—-95.

L - EIEME (1990) B AL O iR U .
HE A HERE, 96, 967—976.

A F (1984) B8ALA D D AT AR SSTERE TEE O
Rt — U A T NEE -1,200 m OFR— U > 750
B - AT EHIY no. 4546, 12-20.

BAB RS (1964) AFH A8 O ALK 8 75 BT 7E
VI, #3 - &W - #AATFOSERE. REFE
s, 12, 25-39.

Tamura, I. Yamazaki,H. and Mizuno, K. (2008)
Characteristics for the recognition of Pliocene and early
Pleistocene Marker tephras in central Japan. Quaternary
International, 178, 85 — 99.

SRR (1984) DY H i Hrlsk o0 H1/E.  Hi i BT AT 48 R
& G0 1 Xig), HEFART, Slp.

FHSAR (1990)  HUHESERED g e & O 4 o H HiBE
. W AT H L, 41, 303 - 340.

SRR » A - =AY o (1991) Fedh Ml HUE.
HUs B JE s (5 5y D 1 XE) , HVE R AT,
154p.

FNEAME - F RS (1989) = WL A 1L sk o HUig g
FEKILIK)E . HUEFRARTH @, 40, 285-298.



HEL

%ﬂé
m
224
o>
d.
\
Ny

—JEH No. 82, &F1 2 AEETA

FEBROOHUEL - IR A 2

p. 41 —-47, 2021

ZEWBOTHEMEEDRYANEE

Long-term fluctuation of mean displacement rate of the Kuwana Fault, central Japan

NN S
KOMATSUBARA Taku"

Abstract: The Kuwana Fault is one of the most active late Quaternary faults in the Kinki triangle zone,
central Honshu Island. The mean slip rate of this fault since the Late Pleistocene is much less than the
rate since the middle Holocene. This difference would have close relevant with the long-term large
fluctuation of subsidence rate accompanying with a long wavelength late Quaternary aseismic crustal
movement called “Nobi tilting movement” and/or “Chubu tilting movement”.

Keywords: Mean slip rate, Active fault, Kuwana Fault, Long-term fluctuation, Nobi tilting movement
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1. [FL®IC

T - Z4 - WA WA O 1L, F &
L CREWEICE T 2FMOEMIBHE LRI fEHE
FEIZ3m~4m/1,000 4 (ZHH - £, 1998 : HifE A
TRFEHEREASE , 2001) &9, STE6 = Hiv OTE W g o
PCTHRRDMEZRT.

—J7, Z=AWiE O e DK B R H DA O S 25 AR
FECBEE LT, AMETEO/NMAE (2021) 1%, BERMO
B BIOKIAB BRI 1 DOWEICHEE TE RV I & ITrE
IRMEE S ERIAAT ET75m~ 160 m & Bitd - T
W5, T OEN B A R EOK AR (12.5 4RI~ 10
THAFERT ) OFRME TR &, ¥ EFEMGEREIL 0.6 m
~ 1.6 m/1,000 = & 72 v, EFioWER OEFtticBsT
D BENGEE ORIV LERLL T E W Eic 7
5.

Z DOENHEEDFENITOWT, SER D AN &
I BT LA DAL B A T VBT TR H 2 L8 T
X, DORHTEBF OZEN BEPENMIEIEN L < boro
TWHEAWE T (FH1XK) THRIEL, TOEKIC
DNTEETD.

2. RABWBEHMOFHRLEE

AW e OSEFHEI I D B E S IR EE IS
WU, g Loy y N -EESIAR— D o dEE (A
EIEAy, 1998b ; MEHEIE7> ,2004 : Naruhashi ef al.,2008 :
Naruhashi and Sugai, 2011 ; FVEIE/)>, 2006) DIH72 5T,
F 77— bOR—Y L TIAE (FRIE A, 2009,
2010 : Niwa et al., 2011) 5 HRF S (ZHH ), 2011),
BEIRIEFME AL SN TWS, 20T THiEFHEICH
— R - R T2 AR O BB IS K 5 A &
BHLMZENTWAHEIE LT, FF - 7k (2015) %
By 5. s

P - VTR (2015) IX A W S -S4 ik B
ET&%%%%%LT%@%#%MK%%%~UV¢
(FHE2K) DHb, BEMEL MO MAm CHA S
72 Y220 O T. P-23.61 m, & OEEh R E _Foseriitig
OB i LV EEI S 7z Y325 O T. P~8.29 m (2B W
T, MXEEH O AF 27 Y —HEFEY (P FEIED,
2006 D= F D) OHFNLERT HARYT 7T (K-
Ah) ERHLTCWD. WS TR - HEREBRBEISE N

NROENRNZ & (FFEIED, M%)%ﬁﬂmﬁﬁﬁ
BEAHKI 100 m LM 2 &b%; K — Ah & T4
U T b S OO Y JEC T D A R ?'éifcx??ﬁ)ot?:%/(%
N5, Zolzd, K-AhETLFICEB T AMALMO E
TEMIZI4Tm EEZHBND. K-Ah DEMREE LT
7,303 ~ 7,165 cal BP (Nakagawa et al., 2012) % £ A7
&, ZOMO ETFEMEREE, 2.0m/1,000 F 2725,

Y325 $H i 1 E 4 W g oo R iR o iR IS AL L
(ZB2R), Y-325 OACE T 2 5880 % 1 B [ o ik
Pt dl o= EE, T.P. 102 m (Y-325 LS L0 4 6.6
mEW) THhHZEEEBETDHE, Lilo L FEME
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EETHE, FAWBO ETEMEX 213 m Bl E, &
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(1999) A3, F&EWrld s « WEETH P BRI R P X T 15
ToiiEfE T R/ LR B S (K9 4,000 £ERET) O
Zfrg (15m) 1282 FHEMHE (8 3.8 m/1,000 4F)

4 Wil & & D JED OB &K O FEHE 17 O 5 FE

Location of the Kuwana Fault and height of its last interglacial horizons.
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%2 SATIK EHKIZ IS 1T D HESIAR — U > 7 i
A=V & ZFRREIM RN KB ERBRAT (1996MS) DFERE 2 filg{k L TR L7z, K— Ah @JE{7(3 Naruhashi
etal. (2008) L - kS (2015) (2K 5. ==y FRAIIHEIEZH (2006) (2K 5.
Fig.2  Arrayed drilling geological cross section in Yuriage district, Kuwana City.

Columnar sections are simplified from Osaka Doshitsu Shikenjo (1996MS).
Horizons of K — Ah are after Naruhashi et al. (2008) and Nakanishi and Takemura (2015).

Unit classification is after Nakanishi et al. (2006).

—J7, IR MK 0 D #4 H FE Ik LA o 2R
#ICHAL T, o7 —2235%.

SEH (1997) 1%, 1 km f o mFEEHICRB T A R—Y
7 (RIUH GS-1) TlE T.P-88.32 m IZ Bk o N
BERE Fin (BAVHIE T B ) BMLET S 2 & &
LML TWD. Zhik, BFER—V I T —4 %5
& T 54 W7 T AN o 4B HIL O e SR S RE ORI o0 PN
BEPBETETWDLEFHOR TR BEWIESHETH
% (RS, 2021) . NTBPEIRIE L, 7L & R i CHE
BLEEZDNDZ LD, ZOBEIT YR OHEK
WEVH5m~30mfE (/MAR, 2021) RV VEZ R
FTHREENEW. La-> T, ZOEEITSELWE
TEENCLE D KIS OB RO R K2 R T &5 %
HN5.

—75, FEEMNzBE U C/Ma (2021) 1, FofkRKHE
ATEICBEK L= mTREE O H 2B m & LCHAL 1 m A
(&) &AL 1 E B (KAL) @2 DO B FE % %17,
ZHNEIIK ERIX O 2 km B OF4 1P T I I B
7 R B o BB 0D 15 B2 A TP, +64 m 38 X O T.P450 m
ThHoHI LaEpR L. B, BB EELTE VD
RIE, D OB BRI X MR\ i
THEKLIZZ &b, WERkBmmo TRITHEE] X
DITET (BZLLK5SmUT) S EES %2R LT
HEEZTRELIZLOTHD.

L7ehoC, Z4WiE P i o & BRI o

TEMEE, RRKICABEbL-oTH I2ma#izs 2 &
1372 <, 108 mLL |- 147 mELFToh 5 AlREMED v &5
2 HD. ZOENMEE, REFDKIRT (12.5 54 0]
~ 10 JTHERT) BN & B 2 B, EHENGEE X
ERIZAFS > T 1.5m/1,000 £ Tdh 5.

PLENS, Z4WE Iz 5 K- Ah [E T
SRR IR IR D Fp/IMIE I, 1R SR DA D SR R A
WEORKRELY 13FKE L, HERMEA B CTli?
TR ST HERT E VR D,

L AT, BHOETEMEICIIHE DRSO EE
WEENTODAEERDD. 20RO >NT, FT
a5,

ZH - 2 (1999) 1%, OERIC LR RED HHE
KRENT 2T MRS (B8 ) §252 &, ORE
CEEEORIIRE—EOREEHETHLDbIN
HT L, O2EERIRE LT, WER ORI+ o
BEEFEIEL S L ICERICHEI L TREHETE L, £7
W (EREE ) AMIIELTWA. bbb, EEIL
fERi OB O S d i, = 7ERIEE OB x 2 123 LT,

d = 2.4037x2"* - 1.9662

DOBRNREY Sto & LT, EHEFTORME E o R
EETL, TOMMGIEREZZ T RN EE5D, F
RO EZ RO TN D,

ZOBREE AW, MR (2020) (33K EHIR ORS
# 8 km [TNLET D FA TR BEHMIXOR—Y o ZHARIX
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ORI O EEIE T EEZK 10 m SR LT
W5, ZOEELTEIE, LEROBMMEED T %~ 10
% THY, EROMMICHEEL L5 250D TR,

3. IRETEERE

T, OBEEET 2 IGWE OB EAEE OHER,
QA WE T 1T 5 MR R 2R Bh & JE R M A s
BT D RFHEEI ORI, @KW — BDKEI 1 7 v
TORBEREDMNN « BEIC L D W2 (0E b~
DEIZET 2 Rt H4], @R EEESD) O EB)ERK
BT Dm0k, @5#%DOME, D5 /DN T
FLE - BETD.

31 BETHEMBOTHEMREDHR

K E-Z8H (2006) 1%, RA—V » ZHREICH SN TS
K WTE ORI BT D BB V% - DU B g O
BhEBIE & S ZENEEE & 5 L < fENT L, flr 2,000 451,
1 JT4ER, 36 K OV BB B it AR O SR 28 A i & LT
FHNFN3m~3.5m/1,0004, 1.2 m~ 1.8 m/1,000 4, 0.7
m/1,000 FELLF EVWHEEE TS, ZofERIE, WUH
DENERE T V=R AVEGRIE 3 I R “JORIE S
PO EE & bl U Coett (R ) o Z MmN H
BlCREWZ LERT.

—J7, TWEWEICHOWT, Kbk -ZHE (2006) 1%, ZH
HIUEh» (1998a) J2 0 A HTE S T DARG o0 257 3 18 A3 1T
—EEBEZLNDETBRL TS, LavL, HEIEN
(1998a) LR AR —Y > 7 TR bV Wi TR o
MIS 9.3 ~ MIS 3 OILFEEE N —F (§1.25 m/1,000 4 )
EHRL DB EERLTWAN, MIS 3 LIEDZEAH
EOHRBICET AT —ZIIr LTV B, Wi Bz
1R D BB RE D — B VEIC DWW THE LT, F7-
ZEEUE A (1998a) (X[RI UAR—V v 728 5 ik
D 1CAFRAE (K 4 TTAERTLARE ) & YIFOHKEED
2% W Z O OIFEEIPE L Z 0.5 m /1,000 720 L
TR EERAEL, B FEMHEEZ 1.75 m /1,000 FF72
WLZFNBLEE RS > TWAR, %eilo X 512588
eI (9 4,000 4FRT) SARE O ZEAHE 3 m
~4m/1,000 ) EEFRE &L LT 2 EMTEL0ED
L, 2BMEORMASH 5.

TEMRFICIEEH 55, BEWE &M T BN
([EHEERE, 1974) ) ° S mHEREY (EEIED,
1979) | ASHEEET A I T ) B B (X s X OViE X2 B
WTHEEE 30m ~ 40 m IS Z 035 Z b, ik
WK BICABE L2 b FARAANEL 10 m LA BF&fE L7z & 135
ZIz< v, &5z, BT T 5 & W EIEE)
BRAEHI LS OFRAENL T, Wi P Ok A FAE
DR ZRKEL BTS2 & (/MRJE, 2020) 7>

5, MIS 3 DRI IT 5 FEfliE & 2% 1.25 m/1,000 4% -
BloTWD &TBE 2, KA —VICHERH S
H OO MIS 3 LLAT O M 28 8 B 1% 2.5 m/1,000 ELL T
ERRED BN L0 AEITIER WS A 9 .
Ub##ET2 L, EWREOMIS 3 LEIZBIT S
S B 857 TR R U S T P DA oD 2SR & [RIRRE &
WO EVIE, T LAEBINS o AR B &
Z25.

L7=ildoC, RAWBIE T TR, T -4 -
H il 2>, sEr it ic 3% W st &
i U CENCHEE SN L= AR RS BN E T 2 5.

32 REMBICE T HiERMR LTS & IR R
EHICET 2REABHOBN

FTRWIE - F4 Wk O R FEENT, 1856 4- K IEHIE
ThiHEEZLNTWS (& 2IEM, 1987 ; ZHA,
2011 ; [ 2011). = OHUFERF O MR T BE L CRe
L 7=/ (2020) 1%, OHIEERTIZE & iz @i o
RSB T 2 BE ORI D, RIEHERIZB T
HUWHEF ImEzHZ L0 TIERL, MERKO LT
i (F9 3.5 m) O3 Ll RIdgk I 2 Ml
LD Thodn, @ik K IRE HES 5 1AL Al oo
ZEpr FEHE D PR & R ANC B T 2 HE A TA T, B
M (K10 5~ 100 THER 7 —v ) TR ECRT 5
Vet KX DIk s> TV D 2 e nh, SAWEEL T
VRHIEE RE O M) Ze MR A Bh 72 1) T <, HBEERICIE
BREEN M TN Tnbd 2 &, 2HmLT-.

ZOZ &, BT D K0T, FAWRELEGOES
IZ1E, B AWER EOT RIS IR TT T
72 <, (BZ D IEWMENT, X0 IEmANR) EEY
BELTWDZ EaREd 5,

33 K -RKEYA VI TORBREDMM - BRE
[C&DEBEMEETIEADFE

ZIT, REEEY A 2L EEET AREHEOE
{BIZ & = TWig 28 An i B S b3 2 FTREPEIC DV T
5.

Hetzel and Hampel (2005) (%, BV K<k O
B iR (BRE), BLOENIHESI T A VY RAZT A v
77U NT U RIZEoT, deke v — LR S Egs
Uy FWER (IEWE ) OENGEEOELZ AT
T O0ED, ARREREMITICEVBE L. 2L T,
BEICHY 9 5FT VT, MEROICHET SN- ki
KA e~ FTE DO W B DA NE T D EAL 2 BT 5
ZEMNAREE WO AR TCWD. BLEICHEE T HE
T, FOKMIRRIICWE B (PR ISEoR
M5 200 km « RS 350 m DKW (R el 2
W8 AR LS IR KR 100 km -+ JE S 150 m DK TE AL S



S T D ST JENE A 0D R AL ED

Nzl LA Thoiz

CORERE, PEICE R L, BRI ETE TS
O AT CHERS S Te— 7, KIS 1T 0
Ji < K U CHIEIWE R 23 Bk LT ml et E s w5
£ WifE <, REWEOMIBKIZL > CTEMEENELL
D BHAEEM AT, LovL, mAJEM IS S BT
Fi < IEWE & B o T, B/ NERE RS A dh s E
THMZM < WWE T, REWEOEEL, Lo/h
ERHRELNPbIESShVWEEZ NS, 2, Uy
FWi g T SATOKITOK I O F & & i LT, 3
AW I A0 B T D RIB AT E DI 2 MLl B/ S
LOLHEEND., 20D, REWMEOKEL, Ho
7o LTh, Uy FHERO LS KRERH D TIX
o T REEEN R TX 22, KigTix, Z oS
ICOWTAHOBELE LTETBICE EDD.

34 REEEESOESKRXICETIFKEDME

WREENES) (S5, 1968) 1%, TERIZIEF—EDMA
THREMMICETL T sEZ 2o TER (2 iE
SR - BRI, 1989 5 ZHE - #21, 1999 5 ZHE , 2017).
LovL, EEREN (2017) 12, OFMEE FiE (&K
KHOKIITI OWNIEHETRE ) o, BRE7T 77 (B
PIED>, 2013 634, ) L0 b TALO WS X8 2 5
WED LEEHTEND & (BEFNIEH, 2013), QBT%
— BiET 75 (Ata—Th: MIS 7 ™) 240 ka (C[F ; BT
H - 8k, 2003) 35 LWL (Am3) 1, RE
SEBHPEHBAR~EH LY S TENZ & (BBFRNIED,
2013) IZESWTC, REFEHORLOFTNET LY b
FBHIZ DR E BT AR AR GFET D Z &,
25 IR I I RIS HEEE L C& 2o
T, RICHE T2 L FET 578, HEhn
MRENCHEA T ATREPEIC DWW T E R LTS, 51T,
IO XS MREIEEERL T 0 Y EME L — B
DI IAB DB LW > TWDAREMES H D 2 L 2R
wLTn5.

L AT, BEMEEGED TR/ > THIE 25
km DL EOHBEN — (KL L THEHEIL TEBY, IHICH
05 O H S L HT o PE B 2 o 7o R e B M R B
(ZFJ5, 196878 H, 2001) DHR1X 100 km ([T 5.
ZOEIBRREEOERIE, JEE 15 km FREEO LM
FROBMEN B E L TIRAAZ LY. 208
b, MBI WEEL ~ REFES TR LTV
b, Mo RS BN, HIC Bk O A
BT LIEHTIERLS, LLALIVERD, VAT =
TRWLZ 4 VBT L— kAT 7 DOXE) & EERE
WY KEEEHEZ XML T abDTHD I L ER
5.
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PLEIZE L ko0, BRI LRI 5 54
VT Jeg D S 2 28 (N o R 1 B T HE & BRi L THREICR
N L7, W00 A TN RE T b FARICSEHT
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Geological structure in the Hokusei Plain

NN S
KOMATSUBARA Taku"

Abstract: The author analyzed previously reported drilling data for geotechnical research, and exam-
ined on “the middle terrace” (literature survey, air-photo interpretation and field survey) and made clear
elevation distribution of the Last Interglacial marine clay bed and the same time terraces in northern
part of the Ise Plain, Mie Prefecture, central Japan. The result is that vertical displacement since the
early stage of the Last Interglacial age along the Kuwana Fault (north of the Asake River), the junction
of the Kuwana Fault, Yokkaichi Fault and Aguragawa Anticline (Yokkaichi-port Fault) (between the
Asake River and Kaizo River) and Yokkaichi Fault (south of the Kaizo River) is 75 m ~ 160 m, 15 m
~ 50 m and 25 m ~ 100 m including maximum error in each site. This elevation distribution shows bi-
modal with depression at the junction of three active structures.

Keywords: Ise Plain, Subsurface Geology, Last Interglacial deposits, Active structure, Kuwana Fault,

Yokkaichi Fault, Yokkaichi-Kou Fault
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