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Basal topography of the post-LGM incised valley fill beneath the Wakayama Plain

> s |
HZ &

" and ISHIHARA Yoshiro *

TANABE Susumu

- AR5 AR’

Abstract: Wakayama Plain is situated on a sedimentary basin along the Median Tectonic Line. Two
studies have been performed on this coastal plain reconstructing the incise-valley topography formed
until the Last Glacial Maximum (LGM). The reconstructed valley topographies are obviously different
among the two studies. In this study, we used 838 borehole logs, of which number has been increased
during the past 40 years owing to the urban development, to reconstruct the valley topography in detail.
The Kinokawa Valley formed until the LGM distribute on the north of the present Kinokawa River, and
the valley deepens to 44 m below the present sea level in maximum. The valley topography is broad
shaped similar to that observed in the Nobi Plain. No incised valley was identified along the Wakagawa

River as it suggested by the previous study.

Keywords:Wakayama Plain, Kinokawa River, Basal Gravel bed, borehole log, voxel model, incised

valley
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Fig. 1 Location map of this study.

Black dots indicate position of borehole logs used in this study. Digital elevation model is after Geospatial Information

Authority (2023).
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Fig. 2 Lithology and N-value cross sections.
Upper and lower panels show lithology and N-value cross sections, respectively. Gray line indicates the base of the post-LGM
sediments. MIS 5e suggests distribution of the MIS 5e¢ marine mud. Black dotted lines show lithological boundaries, which
might suggest tilting. See Fig. 1 for location.
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the Negoro and Kiisuido active fault segments (Geological Survey of Japan, AIST, 2023).
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Depositional age of the Osaka Group equivalent deposit along the northern coast in Satoura
Town, Naruto City, Tokushima Prefecture
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HANEDA Yuki'", NAKATANI Koretaka', KOMATSUBARA Taku', Abe Tomoya',
MIZUNO Kiyohide', NAKASHIMA Rei', NISHIYAMA Ken-ichi’ and NAKAO Ken-ichi’

Abstract: In this paper, we conducted lithological observation and fossil pollen and plant macrofossil
analyses for the Osaka Group equivalent deposit, distributed along the northern coast in Satoura Town,
Naruto City, Tokushima Prefecture, to constrain its depositional age. The stratum mainly consists of
mud-sand beds with sandy gravel, organic mud and humus beds, and lacks distinct sedimentary struc-
tures, which allows us to determine the stratum up and down. The fossil pollen analysis observed Ca-
thaya, Keteleeria, Cunninghamia, Glyptostrobus, Metasequoia, Carya, Hemiptelea, Liquidambar, and
Nyssa, which are now extinct in Japan and accounted for 2.6%—44.5% of the total count of arboreal pol-
len. Additionally, a humus bed yielded Picea koribai. Based on the stratigraphic distribution of pollen
fossils and plant macrofossils in the Osaka Group, the Osaka Group equivalent deposit is correlated to
the Sennan Formation and/or Atago Formation, and thus its age is constrained between the Piacenzian

(Late Pliocene) —Gelasian (Early Pleistocene) .

Keywords: Pliocene, Pleistocene, Osaka Group, Pollen fossil, Plant macrofossil
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[ JAlluvium E=YudaniF.

[ ILandslide and slope deposits [ Izumi Group

[ JLower terrace deposits [ Sanbagawa metamorphic rock
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Fig. 1

A H S ONLE & JERDOMEX. A - FHE IS O #IX & HEER . HEE O 5 KRR TR 200 m ~ 4,800 m F
TH#200m BEIR L. a fEGREBTOLAEE , b SR O LG, o S REFIToO&KLE. B: fE
BB OHE AR, 20 543D 1 HARY — AL AMER GERITHVERER A ' % —, 2018) ISV THE
. C: FRAATHSED ORI, 0 YT R OB [ T O A7 (B 132 F UK ERIED (1993), [ HIED (2014) |2
o< BFHIEK 25,000 (ELHEFE) (202, MTL: oSt i@ .

Locality of the studied site and geological map around the Tokushima Plain. A: Map and bathymetric chart around the
Tokushima Plain. a: Dochu Formation in Mima City, Tokushima Prefecture, b: Dochu Formation in Awa City, Tokushima
Prefecture, ¢: Moriyama Formation in Yoshinogawa City, Tokushima Prefecture. B: Geological map around the Tokushima
Plain based on the Seamless Digital Geological Map of Japan, 1: 200,000 (Geological Survey of Japan, AIST, 2018). C:
Topographical map around the studied site, modified from Topographical map of 1:25,000 by Geospatial Information Authority
of Japan. Localities of the Naruto and Naruto-minami faults are from Mizuno et al. (1993) and Okada et al. (2014),

respectively. MTL:Median Tectonic Line.
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2. RERUSHAHE

2.1 FEHEZEORE

ﬁ#%ﬁéﬂtﬁ%%%ﬁm%ﬁm TSR
oAt L, AR :t/J\ﬂ%F’%@bE YD (F
1), BT O R TR TR A 5 oo, ALz ZFn
RETHC L > TR SN D RENDAMT 5. A HE
WO FR BRI NW-SE D[ &7~k L, NE-SW £ T
NW R oW A% mET 2 CEl - |, 1952 HoR
WE20, 1995). FUREREIC k- THER S 5 o
V2T R A S R T i A R T 5 MRS T 23 121 EW
FENZED GBE1CK ; KEIED, 1993). /=, MR
Wi D49 800 m AL 1, 1 FIEFATICIB IR E 3 E S (58
1C X ; [HIED, 2014). 7235, ABFEORHAH# O Wb
BT 2/ NIBFTMEIR IR W IC B W T, A—U v 7 E
BhE AW T OREHZ L0, RER- 40 m FHT
MH AT KINKJER WS TEBY, 2O TFALIZ)
WHHEBZ LN DR - - O EJEN, O
RERAZ B THER LTWaA (BNEA, 2017 ; #EIL,
2022).

AW TIE, KR A AL K 200 m O FPH o
ECHEZITo/ GEICK ; F2M). ikl oy
B ORI FFORETE O RE Wb 45 K OV E 2
ISR A, TREME N O RBE TR NW-
SE 7» 5 WNW-ESE &7 ¢ NE 72 > L NNE J5 A2 60°
~ 80° AT 5. KIKJEHEMAYENFEIT T HHE LY
40 m B OWFR FEICHE T 5 AR EEEZ 1L, NE-SW
A - NW B O Wi 23 52T 5132, NW-SE £
N-S EMOWE LRD LD, WREOFUREREFIZ
P HALD W O T BRI (B xS L —
TA R HEIAK) EET DA, KEEREF Y E oo
T WM TR R E RS C & BRI AR S
RN (3B X)) o5, ZOEAWEIT
g 1 mFREE O, g5 TR (WIR TR CE 2558
DEIG DN OH P & E O AW TS
TWD b DODEFEE D@V EE (55 3B X)) 2MRIEL,
AR E LTNT0°W Emomika 724, LarL, WEo
WL F DRI OWTIERATH 5.

KO JEREAE Y B, L CHlE SR EDE

EICALET D (2 X)), eSO E#EcEbND
TEMBBHICZ UL, MRS IR FICKET S
7o, EOSMAFBEIEH LTI ARV, 22T, T
RplCHLE 2 78 > BEEE FTEEZ2BR 0 BV br&, KIRfERE
HYEE B H IS, TOfE, WNW-ESE 5Hizd
72 L HHI30 m OFPH T, KIKEREAR Y g & Blg2 4
HTENTER A 5. ML e~
JEEERE L CWEE, AHREIRE, WEE L.
BERBIIA) —TIRE 2T 5. BlELZXHETIX

G4 % RERFETEAR 4 Jid O HEFE AR

Mo IR e HER RS (X R D 9, BB o BT A
ETHIEETERPoT2., KHEIL, NE-SW b
ENE-WSW D #E[f % 5, SE 72\ L NW J[HIZ 60° ~
87° TR T 5. — T, AHANCEM L EiiE bR
Dohd. KEEHEAE Y JEO#IED SE XK TNNW D&
Rt E R 2L, ROVEE M A AE MRS & 135
ZEENF NSNS T 5 2 &%, KREREHEE Y
EHWEIZL > THELLER L TND I EERT.

22 TEMMERSHT

VeE & K O g & x50, 17 5 GREFE S PO ~
16) oML AT RORB 2L (B4).
b o0E, BRSMAET VT ATIEFTIRE L.
8 - B ba ool Blg2, LFOFIETIT-
7= KEAL A U o DB X 0 B2 B L o S ' D
mm%%ﬁfﬁiﬁ%% THE - BRET D, KRAEEEHIL
WIZ LB ZIRET D, 7 v bR FELIRIC L
DF@WT%% TRbERET S, EiR (R bdgn,
19 ZHWTHESEEL, MYWELZIREST . HiE
WHER AT o721, 78 hY o R (REE © KR
fe=1:9 DIRAHEEINZ, 1 MG Xk ro—

O3fR c BRET D, HERRALER K QUK E 1T - T2

SEERE A 7)Y V2 ) —TERAT S, HAMD
W E T, hAN—T T ZAOJEME R A LT A
LVTCERT D, b OEBRLELEOEER, AW
BEMEE 600 5% AW TIT o 7=, B b A ORI E
STl - BT e oo b, TR EZIEWT O%
HlEPEoUEE T eboEx G E Lo, KARKEY
DIE LA R 1 3 BHZ D = 200 iz Bz 5 £ TEF
L7z, F£72, ZOBBETERINSEAEY O
LA RO H - a7 Ol b EH L.

23 KEEMIER

TR T R PS 2 BR L L - JEHEREE 6 (35 4 1K 5
% SA ), KENWLGRORE R LZ. BEEHL
At AOEEE, TERFOEIR FriftickiELz.

EE
a3 aff

3. KER -
3.1 fEMMERESE
A S OfE R 2% 1 ITTT. {£8 - Bt
AOEREIT19~82KTHY, 17THED I B, P3
~P5, P9~ P14 ® 9 i&RELH 5 200 {E{ALLEDOAALIER
ZEETDHZENTE. 200 KL, EORKIER %7 E
FTHZ EnTEERETE, B - RTibm ok
REL T, RAIEEIA 35.8 % ~ 73.9 %, HARIRMN 4.3
% ~ 473 %, VZ - 37N 4.0% ~ 55.0%, FIERH -
RN 4.6 % ~214% & FEnD.
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Fig. 2 Route map around the studied site.
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G4 % RERFETEAR 4 Jid O HEFE AR

FB) 2NBIETH. A4 —/% 20 cm.

%3 FUREREC R ET 2WEOTE. A REORURERE OISR S D WE. WiE O E I XE R LR (0
X7 L—HA bk :Ca) 2T 5. AL VHEONFET 15 cm. B : M EOFIRIEHEZGED &40 5 58 A S 7z
AW, BRSNS MBI BEAT 7 oL, EFREEED m B (W7

Fig. 3 Close-up photo images of faults in the Izumi Group. A: A fault in the coastal cliff, which consists of sandstone and cataclasite.

The blade length of the sickle is 15 cm. B: An intensely fractured shear zone in the wave-cut bench, which consists of partially
consolidated, fine grain size and black gouges, and hard breccias. The scale is 20 cm. Ca.: cataclasite. FB: fault breccia.

56 KITIX, ARG LA OREE KL L& R
ARICI A DFEHPE B L &7 LTz, RS IEH O
TR, FWRREHER O dbies (£ IB) (0% ~
11.4 %, 200 fAKLL_ EOARARIER 2315 S loilBHT &1
AR E M. LUREER), Picea (FTEJE) (0%
~29.5%), Touga (7 H)E) (0% ~ 35.7%), Pinus (~
Vg) (1.9 % ~ 17.4 %), Cryptomeria (A X)E) (0%
~ 84 %), WIEILIER D Alunus (N> 7 XJE) (0% ~
103 %), Fagus (7 7 &) (29 % ~ 16.8 %),
subgen. Lepidobalanus (2 Z @2 7 #i)gE) (8.2 % ~
254 %) KOVEHRINTERST D 0. (subgen. Cyclobalanopsis ;
aFZRT I VAE) (0% ~48.0%) L ThH-oT-.
%72, P1, P3 ~P5, P8 ~Pl4, P16 5IFBIEDHA
FISIZIZE A L TOWRVEBE Th 5 Cathaya (714 Y
J&) (0% ~ 5.0 %), Keteleeria (=% > J&) (0 % ~ 0.5 %),
Cunninghamia (27 3 W @) (0% ~ 5.5 %), Ghp-
tostrobus (A A 3 7JE) (0% ~ 2.7 %), Metasequoia
(AZ¥TagTE) (0% ~33.6%), Carva (371 )&)
(0% ~ 1.9%), Hemiptelea (/~V 7Y %)E) (0% ~ 4.8
%), Liquidambar (7 7 J&) (0% ~ 1.7 %), Nyssa (X
~IAXE) (0%~ 1.8%) MEH L.

BLARKEY) O T 72 53 B HE T Gramineae (A % FL) KO
Cyperaceae (W V> U ZHH) Thotz. Y HEWDOE

SYFERREHEA O AE T L O =R 0 Mg T3 pE T LT,

Quercus

32 KEWEMIER

P5 DFHEE @/ BITLL T O & 5 R KAWL A 23
PEH L7z, Sequoia? (&= A 7 ?) OERE, Stewartia
sp. (B AT %) ORE, Fagus microcarpa (v A 7))

Db« B Quercus sp. (7 XXH) O} - B,
Picea koribai (A4 /37 € ) D,

33 EMMEREKICLLHBEERDHET

KRR I EEBEWIERE, HEE 7R &7 B AR D fif
I~ T, B ba R A L BT
NELDLNTND (BA, 1966; I, 1966a; 1966b;
A8 ZE, 1970; Tai, 1973; Momohara, 1989; 1992; Momohara
and Mizuno, 1999 72 &). —Jj, f8&RICHAT 5 REH
- BT i*%ﬁﬂ’]iﬁf*ﬁjﬂﬁﬁ)%fu ITHEE I LTV
VWV, %’Jllq:’(ﬁiﬁ@j:*ﬂ%’?ﬁkmgfi EBmivA,
R AT e QUK LR 8 0> 6 2 OHEREFAR D HEE &
ATV BD (Hhigg, 1985, KEF, 1987; 1992 ; faf 1~ |55 - 2848,
1989). ARFETIX, BHOKRBEHAF L E H& G
E A AR A2 08 B AR O e bA Kk OCRAUES A D
LRSI 52T (BETH), ZOHRENREHK
L.

P TR AT 2 T~ TR T h D T E
LRI X, B bARREED A, KK E % E
REDT 4 yay e bTy BRI K o TRIER
LR T TS (B TR). &)
AR IR VO ZAF i~ B TS T T T D OK
Bp, 1992 72 &) . LHEEH Eu i%’Eii@)(lll}—Eﬁ)iﬁﬂ:é
nNTHY, LHKILKE &#H:’; DKUJ}IJ% TENEN
KBRJERED € > 27 KPR (EAH - €27, SsPak)
k*lklﬂr@ (ZRa<F -, Se-Tg) ITxtthaind (K
%T’z 1987, 1992 ; A HIE Ay, 2010 ; £ZRILIE Ay, 2010).
EH/TOLHEBPICHRELRKE»OIT BB 1AKD
a), Metasequoia, Taxodiaceaec (A XF}) DAL FA A
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Fig.4  Route map and photo image of the outcrop of the Osaka Group equivalent deposit.
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KERBREF Y BEHOGE A #i72-3 (M5 2 OFSHE ) b I R LA A EH L),
RENIHEE IS b EVEfE 2~ T, WEIRBITFEHESEROER TR HE2H D). C: #7867, D: HiR
11-12 (A RANT R 2 g & FiR g RE OB R 2R ) .

B: His5-6 (H

Closed-up photo images of the Osaka Group equivalent deposit. A: Benchmarks 2-3 (The humus bed with benchmark 2

yielded plant macrofossils) . B: Benchmarks 5-6 (White arrows indicate the sandy mud layer, which exhibits a different strike
direction from the whole trend, within the grave bed). C: Benchmarks 6-7. D: Benchmarks 11-12 (White arrows indicate a
boundary between the Izumi Group and Osaka Group equivalent deposit) .

% £ L, Picea, Quercus subgen. Lepidobalunas, Alunus,
Abies, Tsuga 73 EAEMb A &L &S ([LHIF, 1985).
— 75, KB (1987) 1FEIE M, Ao LAE (58
IAKIOZNZ a, b) MHEERMBEDERE RT Picea
maximowiczii (B A/NT7EX) OEREOEHZHME L
7%, Metasequoia 72 ¥ DVHEBIIF LN o7-. L
FEE Db O R D A TR O RMD B 5
2, KIMKBIZEES < EHEREOHRFERIT L Z 7 ) 7
UHD (BT ~F o= ol (PR 1
Y2 GETH). ZFRUEITELE RGN OEH
BTS2 OKEF, 1992 72 &), FHILBOREIEF
KALPK L RBR g #E O B ik LR g ok b = v (K
B, 1992), 74 v ar - 8T v 7 HRIE2.340.5 Ma
T (W75« M, 1989). BRI 0 AT i
(IHARILF) OFRLE»BIE GEIAMES IBRO ¢,
Metasequoia, Glyptostrobus, Picea koribai, Pseudoralix
kaempferi (A X 717 ~ /), Cunninghamia, Keteleeria
DEEHT 5 (2R, 1948 ; Miki, 1950; & [ 3 8 o fi 4
TN—"7, 1972). D=8, FRilfEOHRERITD 7
EbV=T 78 (RERHI) 2&H, L8
X0 tnEELLND OKEF, 1987). LHER
FRWED HI1%, Bl O KBRE AR Y JE 2 EH T2 Nyssa
FER STy, LavL, Miki (1950) 1%, #RLJE

M6 Keteleeria DPEM A L CWA. ZD7=8, Bl
D KRB JERERA 2 8 OHEFRFEAUL, RILfE & RREH
nEvbneEBzohs GETX).
KOCEE & 2O 00k - #2043 5 KBkE
FEOTEM LA TEFITHIE (1966a; 1966b), HRZE (1970),
Tai (1973) 72 EIC K> TE LD BTN S, HIE(1966b)
(3, 7 AR KUK AE D MK TERE Ma3 O F IR Z BT 5t
LT, FEEROLEMOEHmEZZnENAZzad
THLONTFHEXGLTWD GBTN). AXEaAg
TN, Metasequoia <° Pseudolarix (A4 X717 <V &),
Ginkgo (A 9~ a2 U J&), Liquidambar, Picea-A (h 7 t
B AR 70 SO =AM EEOEH AR D bivd
A I, 1993). E£7z, TRILEREOKRWRERETIE,
AAT A THIZE HIZ A~ D HHFIZHS S D (Tai,
1973 ; %6 7 X). SREFHIE O THKILKE XY FALOK
5 8 B¢ CTlE, Fagus & Quercus N L, A X taA
T A (A ZEaA THTR~AV T 7 A IER
Wy ERRAFUT) & ROV D Pseudolarix, Ginkgo, Pi-
cea-A (2N 2 C Keteleeria & Alangium ? (7V J XJ& ?)
DEMT 2 (HH, 1970). =512, BRI FEY
95 HEEHEECE R K OB B 51X Carya, Lig-
uidambar, Nyssa 75 (B8, 1966), v A—k LM
HRIE AT T OO EEEE B BED> © 1 Cathaya O FE A3



PIHHE - PR - MR K - BEBTE - KIS - T AL B - PRE

H1ER ALK R OR-FA o pE HE AR

Table 1  Occurrence chart of pollen and spore fossils from the Osaka Group equivalent deposit.
Classification Taxa Tertiary Count
clement py p; p2 P3 P4 P5 P6 P7 P8 P9 PO PIl P12 PI3 PI4 PIS PI6
Conifer Podocarpus 2 :
Conifer Abies 1 12 24 24 1 1 1 2 6 14 10 2
Conifer  Cathaya * 1 1 1 210 12
Conifer  Keteleeria * !
Conifer  Ppicea 2 2 40 62 40 6 1 3 2 6 36 34 26 7 6
Conifer Tsuga 115 16 16 1 2 8 26 82
Conifer  Pinus 11 22 12 22 2 8 4 12 18 40 12 1
Conifer P. (subgen. Diploxylon) 2 2 2 2 1 4 2 2 4 2 4
Conifer Pseudotsuga 2 ‘
Conifer Sciadopitys 1 2 2 1 2 4 4 6
Conifer Taxodiaceae ! !
Conifer Cunninghamia * 4 4 12 4 4
Conifer  Glyptostrobus * 226
Conifer  Metasequoia * 2 2 2 8 12 74 8§ 2 4 1
Conifer Cryptomeria ! 2 "
Conifer Cupressaceae 2 2 4 4 6 4 4
Broad leaved  Sg/ix
Broad leaved  Carya * 4
Broad leaved  Juglans/Pterocarya 2 4 4 !
Broad leaved  Carpinu /Ostrya 2 11 10 20 20 4 8 4 4 1 1
Broad leaved  Corylus !
Broad leaved  Bemla 1 4 2 4
Broad leaved  Alnus (subgen. Alnus) 1 2 4 20 2 18 10
Broad leaved 4. (subgen. Alnaster) : 2 ?
Broad leaved  Fagus crenata type 13 4 18 6
Broad leaved  F. japonica type 21 18 20 4 8 16 10 18 16 3
Broad leaved . other type 6 1 1 2 10 2 10 2
Broad leaved  Quercus (subgen. Lepidobalanus) 2 5 2 2 36 58 3 28 38 18 20 28 28 1 5
Broad leaved 0. (subgen. Cyclobalanopsis) 2 4 10 3 1 98 30 20 12 12 2 7
Broad leaved  Castanopsis/Pasania 1
Broad leaved  Ulmus/Zelkova 1 9 6 2 2 1 2 8 14 8 6 8 6
Broad leaved Hemiptelea * 1 10 4 2
Broad leaved  Celtis/Aphananthe 2 2 2
Broad leaved  Liguidambar * 2 : ¢ !
Broad leaved  Rosaceae 3 2 2 4
Broad leaved  Mallotus 1
Broad leaved  Rhus 4
Broad leaved  j/ex 1 2 10 2
Broad leaved  Vitaceae :
Broad leaved  Tilig 1
Broad leaved  Camellia :
Broad leaved  Elaeagnus ! 2 ? 2 :
Broad leaved  Araliaceae ’
Broad leaved  4ycuba 1
Broad leaved  Cornus 1 2
Broad leaved  Nyssa * 4
Broad leaved  Ericaceae 1 2 1 6 4 6
Broad leaved  Symplocos 3 4
Broad leaved Styrax 2
Broad leaved Ligustrum 8 4
Broad leaved  Fraxinus 2 2 1 2
Herbs Polygonum (sect.Persicaria/Echinocaulon ) 16 2 4 -2 2
Herbs Nuphar 1
Herbs Leguminosae
Herbs Carduoideae 1 12 6 10 2
Herbs Artemisia 1 2 10 !
Herbs Cichorioideae 7 8 2 6 4
Herbs Gramineae 1 3 110 32 22 2 10 20 22 14 20 56 1
Herbs Cyperaceae 3002 122 56 48 2 12 26 26 28 22 1 4
Pteridophytes  Lycopodium (subgen. L dium) !
Pteridophytes  Selaginella !
Pteridophytes  Osmunda 2
Pteridophytes  Davallia 4 2 4 4 12 10
Pteridophytes  Polypodiaceae ’ ; ;
Preridophytes monolete type spores 69 115 5 58 12 4 5 7 12 12 12 12 54 376 7 4
Preridophytes trilete type spores 127 7 2 6 10 2 4 6 9 32 2 8 6 66 5 3
Bryophytes  Bryophyta ; ; :
Unknown  unknown pollen and spores 31 3 3 30 22 5 5 12 46 58 78 50 52 38 3
Trees and shrubs 11 15 6 202 210 228 17 16 14 204 214 220 204 242 230 12 41
Herbs 3 4 3 271 106 8 0 0 4 12 42 48 52 56 106 2 5
Pteridophytes and Bryophytes 196 122 7 64 16 14 12 11 16 14 46 18 24 84 458 15 9
unknown pollen and spores 3 01 3 36 30 22 5 5 12 46 S8 78 50 52 38 3 5
Total 213 142 19 573 362 348 34 32 46 276 360 364 330 434 832 32 60

16 —
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Pi » 2 *: not grow naturally in modern Japan
2 @ 8 —
S O 3 =
S a £ B
= © < S
5 % (I
© ~
§ £ g N S 2 'g ©
2 [7} > . ) 3 =
S 8 3 %y §& 5 E 3. %
kel E‘ = » 5] ®'§§ 5 s 8 23 2 © &%* 58
2 £ < ] ® w2838 3 £8 283 z S £=388 20 2 =
[ & 2 [ S28=¢ g $g &3 =2 o) 233520 <328 08 g,
» 9 8 2 § 5% 2E8WE 0§ £% .32 2 & SNIEE8g g 858 88 §¢g
o £ = ] N =3 . SS5ES B S8 %8585 . o s E=l S3RIS8S S T8 88 <58
¢ 5§ &8 £ 3$35% ¢ & 8 3385 § SEaiYiETIE 8 & E SEE8E5Se, Sn i TS T R8RS
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P16 bk bk bk
P15 bk bk
P13 . - j— — —— "
P2 or— =g ] m
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Fig. 6  Fossil pollen diagram of the Osaka Group equivalent deposit. Relative abundances of arboreal pollen, non-arboreal pollen and

pteridophyte and bryophyte spores for the total count of pollen and spore fossils, and arboreal pollen for its total count.

HEINTWD GERED, 2001). LLEAD, HlOK
B BEAR L OB E AR IR e T B o7 UM (%
Wifitrtt) ~v =77 U8 (RifEs i) ox 2k
a4 T AT SRS,

bk U7z A baic L A%k, REJEREC
j(ﬁ'utﬁ%{liﬁ@?nﬂjﬁ)%%iﬁéﬂé %@i&ﬁ
?ﬁ@'éﬁ@iﬁﬁi%@%ﬁ?*ﬁ@iﬂ II)(UJJ—J:'~7J<F'§'JI
KK g D B O & HE s 5 iNyssa @W%&@ﬂﬁfﬁl
IRFRE T %b%%@ﬁﬁ%@iéﬁmkMFE(%7
B0 A 11 A LRI & K LRTE DR % T o
P X [ ClX Liquidambar @ 522 Glyptostrobus pensilis,
Cunninghamia O ¥ <03 742
EEH LT % (Momohara, 1992; 75, 1993; 45 7 X)) .
TR T~ KUK S &0 TALEHED DV TR E T
BRIZXT b S A0 B Fn R T A HE B o0 KB B T UE Carya
striata X° Hemiptelea mikii 7 & O EPEFE A S Z"L“Cl/\
% (HiJEIED>, 1986; Momohara, 1989; /5, 1993).
T DK EFEFA Y &i@f@ﬁ’]ﬂﬁ%ﬁf))ﬁi%ﬁb‘(ﬁﬁﬁ%q]
L FE I, %ﬂ%ﬂﬁﬁ&@ﬁ?ﬂi?*ﬁ@&ﬂﬂz &

Metasequoia glyptpstroboides,

%

WRBRAAT S KB, 1987). BE@M b IE Glyp-
tostrobus pensilis & Metasequoia glyptpstroboides 7% 7€ H}
L, hAER I kLR E ISkt S v D e KK g L0
LB UE T Liquidambar <2 Keteleeria 5 FH & 0T
% (K%F, 1992 : Momohara and Mizuno, 1999). Ji4 )=
TIT KK I /L S AL TR WS, Liguidambar <2
Metasequoia, Pseudoralix kaempferi 3pEH L, %= 5TE T
WO THy L0 TAEHEITH S (Miki, 1950 ; 7J<
B 1987 ; Momohara and Mizuno, 1999). UL Ed X 51z
KIREFED KK b A b4 82381 5 Nyssa X° Ke-
teleeria, Liquidambar O FE T IE AR K ILIKE LV TAL
JBHEETICRESND Z 0D, Bl OKIREHEAEY
BlIRmEECEFE It ENDS (FETH).

4. F&6
AFE T, 1998 4E(1C ﬁ%%%%miﬁﬁ® fi 7 TFE

RSN RBREREAR Y 8 2>V T B & Eken
G3HT, REGEDME AT 2 Fhi L, HEREROHEE %2



R -

c KBTS - s AL I

K - B ARSR

SRAN NV

A R

PHHE -

"(9107) ®BIEYOWON PUB *(TI0T) BMBIYSOX ‘(010T) 7272 SO “(0107) ¥ 72 BPIUSI * (£661) BIBYN] “ (T661 L8GT) OUNZIA UO paseg] ea1e Yora Jo Aydeidnensoryday oy yyim

dnoin exesQ oy woiy a1e s[issoj uafjod pue syissojordew jueld jo suonnquysip orydesSneng IARY OuIysox ay) Suofe suad0)sIIJ—oI[d pue dnoin exesQ oY) Jo AydeiSneng

LYOT) FN " fsLe Z LBOATING G L1 21 O U W2 2 H B D AR I AVHA © L SE 2Vl AN el B o Wl s — 1y & 1 eb DV (5 5 = BBy

LS

A=) 2 NCFF2) (9107) BIRYOWON \O3Y (T102) [I(E (010T) ¢RI “(01027) <RIHD “(€661) WAL “(T661

(Xl L 55

BUOZOUOJYD [ewIOU sayunig g
2U0ZoU0JYognNs [BWIOU Ofjlweler

2U0ZOoUOoJYOgNS [BWIOU IBANP|O :0  Alejod pasiansy [
8U0Z0oUoIYOgNS PaSIBAa] YIoWWEeA N

Aiejod jewuoN m

Aydeibiyensojsubep

puUBS pue pnw JO UOeUJB}Y = Oullew-uop I
|oAe4b 1S140S BuljeIshIi) o
JUBUILIOP |9ABIS) I

ABojoyy

sule) m

1

|
epinbry

0

qw
|
| BlIBBJB)OY

auasolld
|
Xl

|
\J‘E

|

|

uejzuaseld

|uegse|ag

B
=

|
[

uerigejed
auasojsia|d

|

|

o)

“““ 11ssoj usjjod-

eqIud |

auoz eionbaseja|y

nr

6

= £1B1/0JL} SeUuBAUBI
xe

omous

I
Inr
um | man

=z

= SISUBIRIOY SNl

eoLNyospuew suej

1BqLI0Y B8Ol |

yonsip

2

roebol “Jen edlsy,

eionbas

29|
b

S
BURSOLLLIOJ JeqUIEPIN
[

pirep eu
111 eqofiq o

snul

¢

nin

XLIejopnasy =
eue|

suadiniediuss 'ejonb

elo|4 elonbase}s|p

IesiiN

L | niewiyons] _|
L || nJewiyons] |
L | ewnzipn —
L || ewnzip —|
| peingeH
11 yeingeq |
I oJlysesy —

| jlouulys _ |
— ojebowiys —
| nSyewnsyip |
—— epmjn{ —
—epnynyuey —
| | eweAuuag |
— || eweAluag—

L=l

—— MOJ|IDA-T —
—— MOJIBA-N—
— ayebnsje] —

lQm._\él

FEIAS

Juld

| o)IoAWOY| |
—I—| EPEWEA —
— |l EpEWEA—

rZe |\

Mnzy
— eweAeg —|

GEI

+HPIAL

—— ewnyew] —

V=N

GeIA

ebo |

= dA |

o nxoduasl uonewio4 nqnyoy |

uoljew.loq ueuuas

4 obeyy

"4 BWEYD{IYSOD

einojes jo

ysodap juajeainba
dnouiog ejesQ

¢

-eJapliing
VU

é

¢

L oneyeN ¢

—nyooQ

| 1yonBapj

dnoug ejesQ

"y oulysoA Buoje

‘o}sid|d—"olid

4 eweALIOWN

‘4 nyosoqQ

eyesQ

| 1femy g

ewiysnyo|




LI SRS P 117 BRI OO ¥ S5 2 53 A 3 2 RBREREAR 4 Ji O HEFE AR

Rtz KIREREAAEYEL, B~WEZ2EKRE LD
e, AREVEE, EERE A7, R HER IS
IR LRI o7z, RIREREFE 4 8 O & RERHI R
HAITHY, HEITIZITENY. L TWD. dftECE
EH O TRV, TEET 2 FiR @ R C R o e
MRDOHND Z LD, KIRERAR Y 8 ITHERE % O B
JBEBICL LR EE - TVDHEEZOND. WED
HFERBIEIZOW T, SHBOMERLETHD.
B baotr ofE R, BED BARIZIZA A L2RWHE
W& CTH 5 Cathaya, Keteleeria, Cunninghamia, Glypto-
strobus, Metasequoia, Carya, Hemiptelea, Liquidambar,
Nyssa Z®iti U7=. $£7=, JEREE ) 51X Picea koribai
DIER ERFEM LTz, KRIREREOIER LA E o R
b ARE IS < &, BRI O KR MREHEA Y 58 12 5R
FECEA IS, ZOHBERIE TRV
T~ =277 U HIThHS.

B MBS AT SRR MY o0 Ve R R T T I EE A L A
Z, (A) 77 ZREFT ORI ELITITERL
ik, TERFOHKR HERIIIREEY G 28
ELTWZEWTz, Fiz, HE G RTFEE o BA i
FRIZIFEERET LT — FEERR L T el2niz, &
LT L BT £

X

B[  oh« ZEHMRFIE (1989) thshf it i 57 ) 1| ik
DOIERGEER. HEKET:, 43, 428-442.

WRIERD - HARIE T (1993) KBkERE & B i HEREY) -
MO kA, R SR, KEERE, Aloott,
KB, 247-255.

ARV fE (2009) K B HEFE 70 i 1T 35 0T 2 H 3 B8
ottt ANy & tIRELE. MBS, 15,
64-79.

fr A - VLR PRE - R - RLEE
WA = (2010) BT OHE & HiE — & <\ TR
WLk OfKE RBRAS - PPl
56, 1-12.

MR % W)IE— BB - (LEEF] (1986) 57 M Hi g
OHVE. HuskHE s (5 0 1 #HEXIE),
HUEFRAPT, 148p.

MR 95 (1993) KRR, Aloott, KBk, 340p

Sl e AR (1952) 775 5 oy oo | HUEXKIE (48
51, HEFRATT.

Mo - FDERR— - ERE 1 - KBRS - BRIEDS
BAEFE— (1995) 20 54y 1 MV IR [HE) ) (&
20, HEFHART.

SR (1948) T DLK 0 T B8 ONC ST B itk o>

BT 0 71T i & U, 9, 105144,

Miki, S. (1950) Taxodiaceae of Japan, with special reference
to its remains. Journal of the Institute of Polytechnics,
Osaka City University, 1, 63-77.

KEFES (1987) DU [E Je ORI s O P RAB SRR VM T
YT DEERT - HEHRICOWT (). HERA
T H #, 38,171-190.

KEFIEF (1992) Hh RARERICIR 5 5 7 N o
FiSs — = ORHUAE. HE T mE, 40, 1-14.
KBRS - ] I - 21 fE - RS (1993) 2.5
iy 1 RAEEREERTE R (MEE) X Y >
T~y TEAE. MG, 8, HUERNART, 63p.

Momohara, A. (1989) Pliocene Carya nuts (Juglandaceae)
from the Osaka Group, Southwest Japan. The Journal of
Phytogeography and Taxonomy, 37, 107-112.

Momohara, A. (1992) Late Pliocene plant biostratigraphy of
the lowermost part of the Osaka Group, Southwest Ja-
pan, with reference to extinction of plants. Quaternary
Research, 31, 77-89.

B HT (1993) it )y & 2 o JE10 o KRANE b AHH.
il S, KRBRIERE, Ao, Kbk, 256-270.
Momohara, A. (2016) Stages of major floral change in Japan
based on macrofossil evidence and their connection to
climate and geomorphological changes since the Plio-

cene. Quaternary International, 397, 93-105.

Momohara, A., Mizuno, K. (1999) Habitat of plants in the
Late Pliocene sedimentary basin on Awaji Island, Cen-
tral Japan. Japanese Journal of Historical Botany, 6,
49-62.

BRILFE - LB — - 5 B a s PRE—
(2010) DUEHES, &IOS D LFERED S
RHSh7=7 7 7. EERFRERFE A RF
W9, 24, 65-73.

R — - A - RIBFH (2022) MRS P T ELHTET
TR SN L & 2 O o, TSR
WEERE e, 32, 1-6.

AZEZE M (1970) KRBJE#E B o et Alc >\ T -
WEDOAR—Y 7 a7 —ER B L LT - fIEREE,
24,25-34.

PEILE — (2022) HUBRNE®RT — 2 N— A& W
SEE - ISP ERD O . B ORHE A5 129
ARSI 5.

PO — - WA - AW - TR — - R -
AR (2017) HUE - HUE D> 5 R 72 I e o
BRAZ. BT E Al 2R, 61, 1-10.

fi] FH A8 IF - MUt - - RRJRURRE I - 32 4 - RO R (2014)
1:25,000 57 BTG WTRE X ToE Fime ), [t Bepe .

g B B\ OB - WITREE (2001) b EEE T E



PIHHE - PR - MR K - BEBTE - KIS - T AL B - PRE

FERBERE (BRI XV Cathaya (Pinaceae) 1)
DFEH. WEFHERS, 107, 667-670.

PEMSATF U A& > % — (2018) 20 T4y 1 AAR
T — A L AV [X] V.2, https://gbank.gsj.jp/seamless/
(BI%E A 2023 425 H 30 H)

ey ge B =B (1966) AFHT A8 DLk 8 P22 R 5E 1X,
HEEEMEN. SRPEERERE, 14,25-39.

FFERE T (1966a) KBxiicH 248 —Y > 2 (OD-1)
a7 OAEBGIHT (LD 1) — iy OB AR
@ DOWFFE V-, HERFL, 83, 25-33.

HHIE - (1966b) KFiiicdkF 248 —Y > 2 (OD-1)
a7 OB (£ D 2) — 7 ORI AR
JE DOWFFE V-, HIERFLT:, 84, 31-38.

HHIE - (1970) KPR LR OB AERTEN S
o & b A 22\ C = A Es i 5 o 3 )
ERIEOWIE (2D 15) —. HERFLF, 24, 43-48.

Tai, A. (1973) A study on the pollen stratigraphy of the Osa
ka Group, Plio—Pleistocene deposits in the Osaka Basin.
Memories of the Faculty of Science, Kyoto University,
Series of Geology and Mineralogy, 39, 123-165.

R 7 v — 7 (1972) 35 %) AR Lok +
JE O . IR GRS EEAR, 14, 7-7.

LRFIE g (1985) 75 B )11 rf s 36 J5 BT 7)1 oD kA g o> 46
Fyoatr. 1EWTEARSE, 1, 93--96.

FEME (2012) RFHERT 2 155 DU R 0 J& PRI 7E.
BIUALHETE, 51, 1-19.



BTG & 2 —l#h No. 85, FF0 4 (RN IO HUE - 15Tl AT ey

p.21-39, 2023

EERMOHLLMHICHE T HERMbTREHEDOHE

Shallow structure surveys at Minami-Awaji City in Hyogo Prefecture

ATFEMF"-FFE =2
KINOSHITA Sawako'" and ITO Shinobu'

Abstract:We conducted S and P wave shallow seismic reflection surveys, a surface wave survey,
microtremor surveys at two lines, and seismic cone penetration surveys at two sites in Minami-Awaji
City, Hyogo Prefecture, to clarify the spatial distribution and the amount of the activity of the Minato-
Honjo Fault. We obtained high quality data from those surveys, and we will conduct further analyses to
gain more insight into the geological information around the Minato-Honjo Fault area.

Keywords: seismic reflection survey, Minato-Honjo Fault
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Fig. 1

BEBUIATIEOWIR A RS, IREMHITHAITZN (1995) 12 K Dik — REWE OHERME 2 KT, REEIRITAKE-
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Map of the study area and the location of survey lines, points.

The black solid lines represent the survey lines in this survey. The gray dashed line represents the location of the Minato-Honjo
Fault from Makimoto et al. (1995). The red solid lines are the locations of the P wave reflection surveys from Mizuno and
Yoshioka (1996) . The orange and blue squares represent the survey regions of Fig. 3 and 4, respectively. The elevation data is
obtained from the 5 m-grid digital data provided by the Geospatial Information Authority of Japan (GSI).
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Survey systems and field operations of the reflection survey, surface wave survey, and microtremor survey. (a) JMS-mini65-
2(JGI, inc.). (b) vertical geophone. (c) horizontal geophone. (d) DSS-12 system (Suncoh Consultants). (e) observation
station. (f) South Ama survey line. (g) North Ama survey line. (h) huddle tests. (i) surface wave survey.
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Fig. 4  Seismic survey map of the North Ama survey line (GS-AMN).
The black solid line and numbers represent the locations and numbers of receiver stations of North Ama survey line, respectively.
The gray dashed and red solid line are the same as in the Fig. 1. The base map is the Digital Map 25,000 (Map Image) by GSI.
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Table. 2  Field parameters for the seismic cone penetration test.
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Fig. 6  Examples of shot records at shot-number 120 and 760 for the S wave reflection survey on South Ama survey line. Horizontal
and vertical axes are receiver channel and two-way traveltime, respectively.
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Fig.7  Examples of shot records at shot-number 60 and 380 for the P wave reflection survey on South Ama survey line. Horizontal and
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Stacked shot records with gain control after diversity stack of shot gathers for the S wave reflection survey on South Ama survey
line. Horizontal and vertical axes are the same as in Fig. 6.
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Fig. 10 Stacked shot records with gain control after diversity stack of shot gathers for the P wave reflection survey on South Ama survey
line. Horizontal and vertical axes are the same as in Fig. 6.
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Fig. 11 Stacked shot records with gain control after diversity stack of shot gathers for the P wave reflection survey on North Ama
survey line. Horizontal and vertical axes are the same as in Fig. 6.
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Fig. 12 Stacked shot records with gain control after diversity stack of shot gathers for the surface wave survey on South Ama survey
line. Horizontal and vertical axes are the same as in Fig. 6.
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Fig. 14  Examples of raw traces of seismic cone penetration tests. Vertical and horizontal axes are amplitude and time, respectively.
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