Online ISSN : 2186-490X
Print ISSN : 1346-4272

WEEERRS

Vol. 71 No. 3 2020

’ a
g \ @ S s

‘AY lemedely

Tokyo)Bay,

g EEREF WWEREREtYY— O

SF2%



3R AL AIE 2SR
BULLETIN OF THE GEOLOGICAL SURVEY OF JAPAN
Vol.71 No.3 2020

F 3
FIFILACTKIK - AR OB os =R 2 e & HL R - AR & s thREe» 58T L 72
PENN X O BEM R i HE R - W HEREY) - I 4N D R O A R

N NS I - /-5 L TP 85
HOERM 02 35 1 2 iR R o) AR M
HH L « QIR GTUER ooeeeererersernsinsiintiniiiiiiniiiiitiiisisistititsssissssassststessistsssssssssiess sotsssissssasssssstssssstsnss 201
BiER
HHELFNRE 2 2 ¥ 3 VIZE T 5 LEsrh i~ i O R
T o R ST et 215
FEDOX

FORHRE B 6 0 2 MRS O SR b

RO M2, BHEDSEINCHY > T, FOKBIR BN 200 TR & o RN A 2 rade 7
P HEWT 3 5. s JIBANT A O Wi 1213 3 BRI 2 04§ 5. KA & G R OH%EE g,
Z N IATIERINT S & RN BTS2 & - CTHAMF & 5. d BT A 1E, 7 D EiiC 30 CHRETR
D FNATE S 2 WFHE D BT S & I3 2 DN SIS ok 2. GEliE AR S Ol - fF
(2020) % & H4.

(9 - 5 : )

Cover Figure

Incised-valley topography beneath the southern Tokyo Lowland formed during the Last Glacial
Maximum

The Paleo-Tokyo River Valley runs from north to south along the present Arakawa River in the Tokyo Lowland.
Three buried terraces are distributed on the both banks. The buried terraces on the left and right banks are dissected
by the Gyotoku Valley and the Paleo-Kanda River Valley, respectively. The latter branches into the Showa Street
Valley and the Marunouchi Valley, which lie in the east and west of the Tokyo Station, respectively. See Tanabe
and Ishihara (2020) in this issue for details.

(Figure and Caption by TANABE Susumu)
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YANAGISAWA Yukio and ANDO Hisao (2020) Neogene Taga and Hitachi groups in the Kitaibaraki-Takahagi
area, Ibaraki Prefecture, Japan: sedimentary complexes of shelf to slope deposits, submarine channel fills
and submarine slide scar fills, reconstructed from lithostratigraphy and diatom biostratigraphy. Bulletin of the
Geological Survey of Japan, vol. 71 (3), p. 85-199, 53 figs, 4 tables, 11 appendix figs., 20 appendix tables, 4
plates.

Abstract: Stratigraphy of the Neogene Taga and Hitachi groups in the Kitaibaraki-Takahagi area
(southern Joban area, Ibaraki Prefecture, Japan) has been established based on field survey and diatom
biostratigraphic analysis. The both groups are the part of sedimentary sequences deposited in the Early
Cretaceous to Recent Off-Joban forearc sedimentary basin.

The Miocene Taga group in this area, ranging in age from 16.6 Ma to 7.5 Ma, is a sedimentary
complex made of three different kinds of deposits: shelf to slope deposits, submarine channel fills and
submarine slide scar fills. The shelf to slope deposits include the Takaku, Kidoba, Kohama, Juogawa and
Kushigata formations. In this study, the Takaku Formation, a unit previously treated as a distinct group
(Takaku Group), is placed at the lowest part of the Taga Group on the basis of diatom biostratigraphy
and field evidence on the stratigraphic relations with below and above. The formation unconformably
overlies the Lower Miocene Yunagaya Group, and consists of basal lag conglomerate, poorly stratified
bioturbated sandstone in the lower part, and massive sandy mudstone in the upper part. The Kidoba,
Kohama, Juogawa and Kushigata formations are composed of diatomaceous massive mudstone or sandy
mudstone deposited in the slope environment. The submarine channel fills of the Taga group consist of
mudstone and sandstone that buried 18 small submarine channels (0.3 to 1.2 km in width) incised into
the submarine slope environment. They form a nested sedimentary complex, preserving discrete 14 units
(Units T1-T14) separated by erosional surfaces with hiatuses from each other, although Unit T13 is
not distributed in this area. The stacking patterns of submarine channel fills reflects alternate periods of
erosion and deposition and the long-lived nature of the channels ranging several million years. Although
some units of the channel fills are composed of sandstone deposited from turbidity current, much of the
units are characterized by hemipelagic massive diatomaceous mudstone with thin sandstone layers. Each
of the submarine channel fills shows a synclinal structure that probably formed by post-burial compaction
of mudstone. As submarine slides scar fills of the Taga Group, two units (the Takado and Kokaigahama
Units) are recognized in the uppermost part of the group. The both units consist of sandy mudstone and
mudstone overlying shelf to slope deposits of the Kohama and Kushigata formations, respectively with
sharp and flat erosional surfaces.

The Hitachi Group distributed in the souther part of the studied area and the further southwars ranges
in age from latest Miocene (ca. 7 Ma) to Pliocene (ca. 3 Ma). The group consists of 11 units (Units H1—
H11) of submarine channels fills produced by repeated burial and re-incision within channels. Among 11
units, Units H6—H11 are distributed in this area, most of which are composed mainly of sandy mudstone,
and to the lesser amount, interbedded mudstone and sandstone, and amalgamated thick sandstone. Five
small submarine channels of 0.3—0.9 km wide are recognized in the Hitachi Group of this area, and their
spatial and temporal migration is broadly reconstructed.

Keywords:Taga Group, Hitachi Group, Neogene, submarine channel, submarine slide, diatom
biostratigraphy, Kitaibaraki, Takahagi, Joban basin, Japan
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(2007) and Yoshioka et al. (2011). Distribution of terrace
deposits is omitted.
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Fig. 3 Lithostratigraphy of the Paleogene and Neogene sedimentary sequences in the Kitaibaraki-Takahagi area.
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BERT Y Y RNEED I (GE4X). =721, LTt
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NPD3BHH N TRALAFNICERBEIIER STV
gy, LAEOTFR2»5HU EfICEWT, Z2hZE
THiPE T & - 72t a7 $8 ¥E 56 D Denticulopsis praelauta
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#16.5 Ma, #4[X) I & > TNPD3B# % [X[#]3B1 & 3B2
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FETHDDT, KMTAL L TA2 #REFEIZKAIT 2 Z &
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Additional diatom biohorizons

E: LO of Thalassionema robusta, @8 : FCO of Thalassionema robusta,
B LO of Delphineis simonsenii, E&al: FO of Delphineis simonsenii,
EE9: FCO of Denticulopsis praelauta,
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Fig. 4 Geologic time scale used in this study.
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HFEOMBIZ Y TIZDTHEE L /2. Z ORI, Bz
ME &0 W B2 7K T (shelf species), FHAEIZ RO 204
K7 (pelagic species) U2 DB D AKIKIZ 2\ Wik Fl
(transitional species) D HHE 12 KD THIXT Y 2 RIS % HiE
ET 5. REXTIE, BIR(1996b) 2371 L 722D D4R
D55, HWISHPHOIEVBA2 G A V72, Bd2i3BUF
DEITEFEINS.
Bd2 = (Xp + 0.5Xt) / (Xp + Xt + Xs)

Z 2T, XplddhAAKEOHE OAEF, Xud Witk
DI DEET, XsIZBEAREOMEDOAEH 4. 20
AR 2 B 35 K 2 015 R Z A HIEERN, 0.15 BLE 0.6 A i
MAHMUIBER, 2 L Co.6 L LA PEMIR R O TRE 1SRG T

5 (MR, 1996b). HERGERIGISIE VRS F8IZ (Bd2) DIE A,
BT AIE D (1990) AL EERED & Wik L - EAE A TL
HILERHEL E 8 ZE L TRARIZHEE L 7-.

4. # R
4. 1 EE(EAIHER
2030ME DAL E M U 7=, fESRE, SORMREUE M
RBOHEXEOY v KL TRLE (X 1-8). EEX

FE@ret 2 v 3 v (S01-S25) DA BEHEHU RIS 44 X, -4
X5, 9-114, HEEEMEREMNEI201R L 220
FEE o v a VSIS DA ifERIE, IR (1996a) D Table 2
GABHB S 33-56) TRAEZLTWBEDTEWE, ABHLE
X oy a v ZEISRMINICTES 2L 7228, g
IO FEARES JOBY ) — ) $ /R L7z, H
HREMRICB T 2 HDOFEH T, %I (2003) 12665 T
HERY 2 W55 & L 72,

TR 2 X141 XDR U 72, BEIRRICHERA L
RSB, LEROBFEY s Y 3 v ORBILISORE
D&, FHEEHES JoBY ) —
9D, 10IZ/RL 7=,

4. 2 AEMROEBR

FZEAE R A2 F 5K 2 6 FARIZ R L 72, ALK - &
Kb 0> £ B e B K OF F 2 RE D 53 AT OB & 55 51X
12, BIPBEROMELF X, KEFHITOFNEE
TRIZE & 7=
23X, 26, TR KU HEIIXITRL 7.
FRCB VRIS BATC, RS OB NERE 2 & <
BT E 2ILRH RO RIRBFIZ OV T, HIRK
GBRK)EL—bvy T (EI13X) #RL 7.
JEFFHICRE DR & 7 5 72 BIHADGHER 27 v FI2
13, MRS (L01-L46) &L TR L 7= (B 21X, 28
14X~518K). 727°L, ZhoOBIEIZHEHFELOE D
EROWTIZEAEBIF L AW, F2EREHFREAKR
IZEbLNRTNT, BERBETE L. BFOBHL K
HAKZREOMERHMIZ L 2RE, &5 WITEKH%
OHEFTHIZKD, +H5EBENTERVREIZE ST

Z) & T2, 7,

WX Z L o EKIE, F11K, 200X,
% 7z,

WAL ZANRB, FI2T, ZOHLTITRAE STV
BZEUHIZOVT S, WHEARD ERANICBIR L 2 RifA

REEDEHR 27 F % KIR L 7z

4.3 BREATORS

% BRI B O H SRR O Rl ﬁm@E%i ezt
R D zﬁ@ﬁ(%wl)@ﬁﬁ@#(%lsl)73&@@
JEEROZI O BTG cOBs L, LA ERIT
(Bl Z21F, F12[X) 2z L 7=, %m®i<&uW@%
T, BHESNMOBEEZMX EiIc7 gy U K2-8),
FilcBSR T & 2 RBIFHILOBRE R THRED T — 4 R
R CRE Sh 2Pt 425 1 LT, HREERos
TN — VBRI HIT & RE L 72,
LEBHE RO H SRR, REIZA, Q011) 2BE 1,
B, EERUEREEE2EIZLT, Q) MR OREM
FHudeE R, Q) WMEAHEY, (3) M3 X0 R
WO 3R MEL TEREHITEZ X L.

WM S ONREM S HE R & G2 S 7z R T, M
JEan 4 O (HAME S, 2000) X OEERET 74 F

(HAME 225, 2001)129€-> T, & (Formation) & L
THREA AN L TER L. —F, RS kO

M3 R DRI OREIFREOTE, AR TEHT 2

DXL PR L, ZORCTIREERIZ[2=y b &
W HEERWTES - Ll L7z, ZORYMEIIONT
i, 7SHTHLIERT 5.

Ak, iOHE L, SRR KO HSLERO 5%
%, AL 6 R, K, B, &k, O, +Toelt
KIS L2 (E5X). 2, Wikdcmixh s &Hix
MOBRREHRAT, ZEEHEETORAEL LR
LT 2720 THh 5 (FHelX).

4. 4 BEAEBEYOREHATEICOVT

B X O B SLEREORIIC A B NS, WIEAIH
DDA OVTEAL T, BB E &R HHE
& LTI, “canyon”, “valley”, “channel”, “gully” 2% &

D, MEOAMIEIE, Zh5DHE{IZ “submarine” & D}
5 (Bl zI, Pickering et al., 1989 ; Posamentier and Waker,
2006 ; Arnott, 2010 ; Pickering and Hiscott, 2016). 7272
L, “submarine valley” {&—#%MICi3dH £ D HHA TN
K. Z0H B, KX Tt AREMRIm TR 5 b
DA & U TiE, “submarine canyon” (FEIEIBEE), “slope
channel” (BEffiRHEIF ¥ 2 L), KU “submarine gully” (Vg
JEH )M HB. &, “slope channel” T “slope” 23T
WA DL, “channel” &5 FHEEN—R M 2 AR O H] i %
NTHEEE LA Hibh, 72& 2 13RO YR
3%k TR 5 11 5 “channel-levee system” & & TE i X T
WBEDT, ThbeXladT57208Bbn3.

HBIESIEL (submarine canyon) i3, AN A3 V728U Tk
BRERL, BRICHER LU TELENENRTHEDT, &
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Fig. 5 Distribution of the Taga and Hitachi groups in the Kitaibaraki-Takahagi area. Terrace deposits are omitted.
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Fig. 6 Schematic profile of the staratigraphy of the Taga and Hitachi groups in the Kitaibaraki-Takahagi area.
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MR L THWS TN T, Eibo i 33 1< 13
HEhTunfled 20 (Il 21, Pickering ef al., 1989 ;
Pickering and Hiscott, 2016).
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Shumaker et al., 2017).
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Bz Y Tid % 5.

LEEFER i h oA, B S LTk
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Fig. 7 Chronostratigraphy of the Taga and Hitachi groups in the Kitaibaraki-Takahagi area.
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T X “canyon fill” & 7z {X“channel fill” & W E 41 (il Z
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Pickering and Hiscott, 2016), HAFETIZ[VEEE (k) B7
EW ] & 72 F v 2L BEY | ESRE T3 (B A1,
EEHE 2, 2001 5 EVEAK, 2009). —HRICUBERA D NG

EBEMIS A & I BRI & & ORR R EMIC & - T
MM IRICI - 2 s DT, [FEW] &0 5 HAE
FUEAEIE . L L, Ao 28 EEERe 0L E
HOBBEAOLE, BETFEUL» T TRE L HER & i
DL ARG, Whh o s 2 EHERMICL > T
BAICHB XN TR EALR LD T, KX Tl “fill”
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Fig. 8 Schematic diagrams showing submarine channel and slide scar. A) Submarine channel and slide scar on the shelf to
slope environment. B) Structure of submarine channel fills and submarine slide scar fills.
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!
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Fig. 9 Schematic diagrams showing the inner structure of submarine channel fills and slope deposits and consolidation of

submarine channel fills. A) Cross section of submarine channel fills. B) Schematic diagram showing consolidation

process of submarine channel fills.
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Typical
column
°
H [=4
Depositional | Categories |, _ 5
h 25 . .
system for Figs. 38 §E3 Se@lmentary Sedimentary .
y 3,586 EoP g SEy o facies environment | Lithology
z¥eost222
E%?éssﬁaﬁf
Out helf Mudstone m | Mudstone facies 8“;%pzhelf Bioturbated massive mudstone
uter she
to slope
deposits ndv m n
Sandy sm Sa- dy mudstone Outer shelf Bioturbated massive sandy mudstone
mudstone facies
Muddy sandstone Bioturbated massive very fine-graied
MS | facies Inner shelf muddy sandstone
Inner shelf Bioturbated massive fine to medium-
. Sandstone Biotubated | helf graied sandstone occasionary B
deposits bs sandstone facies nner shel intercalating hummocky cross-stratified
sandstone bed
*Conglo- ; Shore face Clast-supported well-rounded
merate fo Conglomerate facies (lag deposits) | pebble to cobble conglomerate
m Mudstone facies grsaganreflilﬂls Massive mudstone
sm ;i?:sy mudstone grsag:refl”gls Biotubated massive sandy mudstone
Muddy sandstone Channel fills | Bioturbated massive very fine-graied
Mudstone ™S | facies or scar fills | muddy sandstone
Interbedded .
a1 | mudstone and Channel fills | Interbedded mudstone
. . or scar fills and graded sandstone
Submarine sandstone facies
channel fills Interbedded
a2 | sandy mudsione Channel il | eroedisd sancy mucstone
Submarine and sandstone facies
slide scar fills Interbedded )
a3 | muddy sandstone Chann(—)fl_lll‘llls Ianr;(grbreadddeeddSrggggéﬁgndstone
and sandstone facies or scarfills 9
b Fine- to mediqm-grained Channel fills | Bioturbated massive fine to medium-
S | sandstone facies graied sandstone
Sandstone . . ) Amalgamated thick graded medium to
s1 | Thick sandstone facies Channel fills | coarse-grained sandstone
. X Massive coarse to very coarse-grained
s2 | Pebbly sandstone facies | Channel fills | sandstone containing pebbles and
rip-up mud clasts
. Channel Clast-suported pebble to cobble
Conglo- g | Conglomerate facies bottom conglomerate occasionally containing
merate (lag deposit) | fip-up mud clasts

*Categories only for geological maps (Figs. 11, 20)

IO LEEHE KO H SRR OHEREAT.

Fig. 10
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MR, 2002). 2O Z &iE, WEANFEE U TEMFE
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Sedimentary facies of the Taga and Hitachi groups.
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Table 1 List showing units of submarine channel fills of the Taga Group distributed in the Kitaibaraki-Takahagi area.

©
s
District = Otsu Isohara Takahagi Ishi Juo
S
=
Max. - —_ | o | — Takahagi
Diatom age Code in Figs. 11, _ g § gl Composite Channel —
Unit| . 20,23,26and 27 | g o gl |85 = 5 T o o |2
interval | range s|_|E|lS|C|&]|o S5lele|c|c|85|E|2 c|§
Ma) | |, . slzlelSlelslelClElc|s|6]|S]E|E|s|E|E
Lithology in paren- | & s|o|ls|2l8 A 5 8 6 o[22 s(feg|5|0
thesis after code gls gl2l3|a|® S| o g c| 8|58 o § of 8
indicates main 3|z 'g s|g|&S g _*3 E’ Z|g 85| & E o g8
facies (See Fig. 10) | £ (8|S |2 |2 |2 |5|5|8|8|215|12|5|5|5|8|5
T14| 5D2-6A | 9.6-9.0? | T14 (mudstone) )
T12 (mudstone)
- 27—
T12| 5C2-5C3 [10.57-10.0 T12s (sandstone) ° oo
_ T11 (mudstone)
T11| 5C1-5C2 | 11.4-11.1 T11s (sandstone) ° ) o|o|o|eo
_ T10 (mudstone)
T10| 5B3-5B4 | 12.3-11.4 T10s (sandstone) el ) eo|lo|eo )
T9 | 5B1-582 | 12.7-12.3 | T9 (mudstone) o(o|eo o|o|e|[o]|0|e
T9s (sandstone)
T8 5A 13.1-12.7 | T8 (mudstone) ° [ BN ] o|o|e@ [}
T7 4Bb 14.1-13.1 | T7 (mudstone) ) e|lo| e o|lo|o|(o|e@ )
T6 4Ba 14.5-14.1 | T6 (mudstone) ) oo e o(oe|o0|e@ )
. T5 (mudstone)
T5 | 4A6-4A7 | 14.8-14.5 T5s (sandstone) oo ° o(of(o(ofeo o0
T4 | 4A3—4A6 | 15.6-15.1 | T4 (mudstone) ol ol e
T3 4A2 15.8-15.6 | T3 (mudstone) ol e ) )
T2 4A1 15.9-15.8 | T2 (mudstone) oo o|le )
T1 (mudstone)
T1 | 3B1-3B2 | 16.6—16.2?| T1s (sandstone) eo|lo| @
T1g (conglomerate)

MR 2HMIITH 5. EHMBITE 2 EEHOEF 2 )

=y Fe/NHylRZI= PGS GE3X).

A HIE TR T RO (R Z D & DIIFRIT L Ty

DT, IhsE#WERTXDEHMYTH S LWET S (3)

ZeFTERVY, DFIORTWEIL, FEEICEEE

NDEEHRL 72 & SN BH(ATRIEA, 1990, 1994 ;

IMERFIZ A, 2007) DWE & K< —3T 5.

(1) R X D EHFEY) & HE & B HEREY O F R (4)
@Az Em e Bbhs) 2RI LT, Wik
AT 2E 0 R R BB AL T 5. (5)

— 100 —

I TR OB & IZIEVTT, ThEOH
JE T % #hd 12 V) B IR A D IR & 13 5 2z ik
5.

LTS PR & AT 728, W ORBEER & XX
AL CBAENL L, MIbasPic k> TEY
W2 r — L OB AFAES 5 Z & AVHFI L ¢,
D TR TE 3.
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Table 2 List of submarine channels of the Taga Group in the Kitaibaraki-Takahagi area.

R o
- =3 2
5 £ = 3 (2
% | Channel | © 2 S € s ‘E" Unit Main sedimentary facies
a 3 2 S 8|las
[s] . . o< |
5 5EI&£2|5
= = x| aol=
« WSW-
- . ENE — | 15.8— Mudstone,
= Hirakata 09 19 wNw-| 127 T3 T4 T5 T6 T7 T8 sandy mudstone,
':|=: ESE ’ alternating beds of mudstone and sandstone
WNW- | 16.6- Mudstone, sandy mudstone,
Otsu 1.1 3.9 ESE 100 T1 T2 T3 T4 T5 T11 T12 alternationg beds of mudstone and sandstone,
: thick sandstone
) WNw- | 16.6- Mudsto_ne,
Kamioka 12 15 ESE 158 T T2 alternating beds of mudstone and sandstone,
g : thick sandstone, conglomerate
2
o .
. WNW- | 16.6— Alternating beds of muddy sandstone
Warabidaira | 0.3 0.4 ESE 16.27 m and sandsotne, sandy mudstone
. WNW- | 15.9-
Futatsushima | 0.3 0.4 ESE 156 T2 T3 Mudstone
15.9— Mudstone,
Isohara 1.1 2.6 |NW-SE T2 T6 T7 T8 T10 T11 sandy mudstone,
1.1 ! f .
fine- to medium sandstone, thick sandstone
g 14.8- Mudstone,
£ | Shiomigaoka | 0.9 2.2 |NW-SE ' T5 T6 T7 T8 T9 T10 sandy mudstone, muddy sandstone,
] 1.4 .
L) alternationg beds of mudstone and sandstone
) WNwW- | 15.9-
Shiotagawa | 0.4 1.0 ESE 123 T2 T6 T7 T9 Mudstone, and sandy mudstone
WNW- [12.77— Thick sandstone, sandy mudstone,
Nakago 09 32 ESE 11.1 T9 T10 T11 alternating beds of mudstone and sandstone
N WNW- | 15.6— Mudstone,
Wajiku | 0.8 1.8 | "o 111 T4 T5 T7 T11 sandy mudstone
5| 2 | sugioka | 10 16 || 128 T3 T4 T5 T6 T7 T8 T9 T10 T11 Mudstone,
2| g | Sugoke ) 2| EsE | 11.1 sandy mudstone
<l a
8lE
S i- 14.8—
O] B 140 16| we T5 T6 T7 T8 T9 T10 T11 Mudstone,
=) gawara 1.1 sandy mudstone
%
X . .
s | Midori- WNW- | 14.8—- Mudstone,
[ gaoka 1420 [ = 114 T5 T6 T7 T8 T9 T10 sandy mudstone
) 14.8— Mudstone,
Shimana [ 0.9 15 [ W-E [, T5 T6 T7 9 sandy mudstone
L WNw- | 12.7— )
Ishitaki 0.6? 1.8 ESE 10.0 T9 T12 Mudstone, sandy mudstone, thick sandstone
= .
2 14.8
Ishi 15 24 |NW-SE 160 T5 T6 T7 T8 T9 T10 T12 Mudstone, sandy mudstone
WSW- )
Iwamoto 1.2+ 1.8 [ o\e - T5 Thick sandstone, pebbly sandstone
S
- 9.6-
Ishihama 01 04 |NW-SE 9'0,) T14| Mudstone

— 101 —
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Table 3 List showing the units of submarine channel fills of the Hitachi Group distributed in the Kitaibaraki-Takahagi area.

Max.
Diatom age

Unit| . Main sedimentary facies Channel
interval | range
(Ma)

H11| 8a.r—8b | ca. 3.1 | Sandy mudstone Ibukiyama

Sandstone,

H10 8a.r ca. 3.2 sandy mudstone

Ibukiyama  Kakozawa Koishikawa

Sandy mudstone,

Ho 8ar ca.33 alternating beds of sandy mudstone and sandstone lbukiyama Koishikawa  Uwadali
7Bb.r— Sandy mudstone, ) L )
He 8a.r 3.6-34 alternating beds of sandy mudstone and sandstone lbukiyama Koishikawa  Uwadai
7Bb- Sandy mudstone,
H7 7Bb.r - mudstone, Ibukiyama Koishikawa Uwadai
’ alternating beds of sandy mudstone and sandstone
7Bb— Mudstone,
H6 7Bb.s - sandy mudstone, Ibukiyama Unomisaki
' alternating beds of sandy mudstone and sandstone
Ak LM - EAIRIZ B 1 B H B OWIKEDO Y 2 b
Table 4 List of submarine channels of the Hitachi Group in the Kitaibaraki-Takahagi area.
E £ )
= = c
< % k] e
Channel | © c _ o — Unit Main sedimentary facies
T 5| g3 |88 i
% 5% 35 %
© ] = ©
= = oo =
4.6- Sandy mudstone,
Ibukiyama | 0.8 2.3 | WNW-ESE 31 H6 H7 H8 H9 H10 H11| alternationg beds of sandy mudstone and sandstone,
) thick sandstone
Kakozawa | 0.5 1.4 | WNW-ESE C;'z H10 Thick sandstone
4.0— Sandy mudstone,
Koishikawa| 0.4 1.0 | WNW-ESE 3.0 H7 H8 H9 H10 alternating beds of sandy mudstone and sandstone,
: mudstone
NNW-SSE | 40- Sandy mudstone,
Uwadai 0.3 4.5 or N-S — 33 H7 H8 H9 alternating beds of sandy mudstone and sandstone,
WSW-ENE ' mudstone
NNW-SSE 4.6—
Unomisaki | 0.9 31 . s H6 Sar;d){ mudstone,
NW-SE . mudstone

JiE 2300 TRYEES & FIRE T ALAB SV
(6) WIS Thif@HikD A # 2 5 2 b (k& X 1-3 mFE)
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Correlation of submarine channel fills in the Hirakata Channel. Locations of stratigraphic sections and diatom
samples are shown in Figs. A9 and A10, respectively. Occurrence charts of diatoms are shown in Tables A1-A9.
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Photograph and sketch of an outcrop showing the northern channel wall of the Hirakata Channel at locality LO1, and columnar
section at locality L02 (Cape Kunosaki, Kitaibaraki City). Location of each outcrop is shown in Figs. 11 and 13. A) Route
map near Cape Kunomisaki. B) Photograph showing the channel wall of the Hirakata Channel at locality LO1. C) Diatom
biostratigraphy of the Kamenoo Formation (Yunagaya Group) and Takaku Formation (Taga Group) and the Unit T5 of the Taga
Group. D) Sketch of the part of the photograph B.
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Fig. 15  Outcrops showing unit boundaries in the Hirakata Channel at localities L0O3 and L04, Nagahama
Beach, Kitaibaraki City. Location of each outcrop is shown in Figs. 11 and 13. A) Sketch of an outcrop
at locality L03, showing the unit boundary between the Units T5 and T6. B) Sketch of an outcrop
at locality L04, showing the unit boundary between the Units T7 and T8. C, D) Photographs of an
outcrop at locality L04. The length of hammer is 32 cm.
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Outcrops showing unit boundaries in the Hirakata Channel at localities L05 and L06, Nagahama Beach,
Kitaibaraki City. Location of each outcrop is shown in Figs. 11 and 13. A) Photograph of an outcrop at locality
L05, showing the unit boundary between the Units T7 and T8. B) Photograph of an outcrop at locality L06,
showing the unit boundary between the Units TS and T7, with diatom biostratigraphy of this outcrop.
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Photographs and sketches of outcrops at localities L07-L12, showing channel walls and unit boundaries in the Hirakata
and Otsu channels. Location of each outcrop is shown in Fig. 11. A) Outcrop of the southern channel wall of the Hirakata
Channel at locality L07, Nagahama Beach. Km: Kamenoo Formation (thinly laminated mudstone), Yunagaya Group.
T5: Unit 5 (mudstone), S14-01: diatom sample number, 4As: diatom interval. B) Outcrop of the southern channel wall
of the Hirakata Channel at locality L08, Kanohara, Kitaibaraki City. C) Outcrop showing the unit boundary between
the Units T4 and T5 in the Hirakata Channel at locality L09, Oharauchi, Kitaibaraki City. D) Outcrop showing the unit
boundary between the Units T1 and T2 in the Otsu Channel at locality L10, Sekimoto-shimo, Kitaibaraki City. E) Outcrop
showing the northern channel wall of the Otsu Channel at locality L11, Ko-izura, Kitaibaraki City. Zs: Takaku Formaton
(muddy very fine-grained sandstone), T4: Unit T4 (mudstone), T12: Unit T12 (mudstone, and interbedded mudstone and
sandstone) intercalating Izura Tuff Bed. F) Outcrop showing the northern channel wall of the Otsu Channel at locality L12
near the entrance of Otsu Elementary School, Hosoda, Kitaibaraki City.
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& < [ERERE DR~ ki (R EH) 2 6 % 5. el
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EHEME»S 50, BUEHRICEN T 2 thiigEs oK
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Fig. 18  Outcrop showing the northern channel wall of the Otsu Channel at locality L11, Ko-izura, Kitaibaraki City.
Location of the outcrop is shown in Fig. 11. A) Route map around Ko-izura, partly modified after Yanagisawa
(1996) and Ando et al. (2011). B) Photograph of the northern channel wall of the Otsu Channel. Zs: Takaku
Formaton (muddy very fine-grained sandstone), T4: Unit T4 (mudstone), T12: Unit T12 (mudstone, interbedded
mudstone and sandstone) intercalating Izura Tuff Bed.
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Fig. 19  Correlation of the Izura Tuff Bed in the Unit T12 of the
Otsu Channel and the Ishihata Tuff Bed in the Kohama
Formation (Yanagisawa et al., 2004, partly modified).
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Mo KB, MWEAEOIEIITITRES & & 2 BEEH
DHEPICHRETS. 2=y T3 (NPD4A2) & HEHE DU
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IRETHR - 77 EF - Z oy BORMGEAS 2 BT
LB ERE, THOBAR XY, —fishT
T e Z2E, WO - ER(1953) TR, EAREORME
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¥, FAREOWEIEE (2d) & 2 E RO R R %
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ORGEIZ RSB I N Ty, §fl (1972) & UM:itsui
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D) MFIE A rBE DR (L 1e, ALXGTFYS) . E) MEEERA M

F) FHEALI=y PT8ETIODMOKNIRTIZ R A sy = v PEEIR (Mt

Outcrops of the Kamioka and Isohara channels. Location of each outcrop is shown in Fig. 20. A) Outcrop showing the unit

boundary between the Units T1 and T2 in the Kamioka Channel at locality L13, Kamioka, Kitaibaraki City. B) Outcrop of the
northern channel wall of the Isohara Channel at locality L14, Komagi, Kitaibaraki City. C) Outcrop of the northern channel
wall of the Isohara Channel at locality L15, Komagi, Kitaibaraki City. D) Outcrop of the southern channel wall of the Isohara
Channel at locality L16, Usuba, Kitaibaraki City. E) Outcrop of the southern channel wall of the Isohara Channel at locality
L17, Usuba, Kitaibaraki City. F) Outcrop showing the invisible unit boundary between the Units T8 and T10 of the Isohara

Channel at locality L18, Usuba, Kitaibaraki City.

BRERABTONMFEBOJSE &L T\W5 (521XD, E).
7272 L, Wb OBIEIZHEAERL T3
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Fig. 22 Columnar section of the Unit T11 in the Isohara
Channel at Tenpisan, Kitaibaraki City. Location of
the section is shown in Fig. 20. Occurrence chart of
diatoms in this section is shown in Table A10.
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WBON, ALRIEHTBIANHE DMK (5520 X K 055 21 [X]
B, COLI4Mf EL1SHS) TR TE 5. 72720, BF
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2= FTILOWE (T11s) 2 5 13 B LA R IR LA 1L
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Geological map of the Shiomigaoka, Shiotagawa and Nakago channels.
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Fig. 24

Route map and sketch of an outcrop of the headwall part of the Nakago Channel in Hitana, Kitaibaraki City. A) Route map near

localities L20 and L21. B) Sketch of an outcrop at locality L20, showing the unit boundary between the Units T9 and T10.
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(NPD5A), T9 (NPD5B1-5B2), T10 (NPD5B3-5B4), T11
(NPD5CI-C2) 6% 5. ThZfhoz=y MIJerH%x
WUMEREM? 5 2D, BHABEARKRE LTORK
H£AMEIX, 15.8-11.1MaTH 3

REEREHE & HIL e (DR - k%)

s R A OLEE O FEUE (s L21) . dEXYKTE
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X & 524 RNZRT) . Tw: A ARG AL 9% o Fe i
RibE, T10s: 2= FTI0D 7L I — 2B
Kibs, G:{EsoE™, B: BEHOFR LA

Fig. 25  Outcrop of the northern channel wall of the Nakago
Channel at locality L21 in Kitaibaraki City, 500 meters
to the northeast of Nakago Service Area of Joban
Expressway. Location of the outcrop is shown in Figs.
23 and 24. Iw: Iwaki Formation of the Shiramizu
Group (very fine-grained sandstone), T10s: Unit 10
(very coarse-grained arkosic sandstone), G: bolder of
granitic rock, B: fragmented fossil bone of whale.

Mitsui ez al. (1973) 13, EHKESMBESISHYG T 58
%y %, “Shimotezuna Formation” (N FHilfE) & FEA TV 5.
ZOTFHRE A 5, I (1979) K UKato (1980) 1377k
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Fig. 26  Geological map of the Takahagi Composite Channel, the Kidoba and Kohama formations and the Takado Unit.
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Fig. 27  Geological map of the Ishitaki, Ishi, Iwamoto and Ishihama channels, the Juogawa and Kushigata formations and the

Kokaigahama Unit.
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Fig. 28  Diatom biostratigraphy of the Units T9 and T12 in the
Ishi Channel. Location of stratigraphic column (S17)
is shown in Fig. 27. See Fig. 44 for sampling points.
Occurrence chart of diatoms is shown in Table A11.
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Road cut outcrop of the Unit 5 of the Iwamoto Channel at locality L22, to the south of Kawakami, Juo district, Hitachi

City. Location of the outcrop is shown in Fig. 27. A) Sketch of the outcrop. B) Photograph of the outcrop.
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Fig. 30 Outcrop of the Kidoba Formation unconformably
overlying the Asagai Formation of the Shiramizu Group
at locality L23, Kidoba, Takahagi City. Location of the
outcrop is shown in Fig. 26.
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Diatom biostratigraphy of the Kidoba Formation. Location of the section (S18) is shown in Fig. 26. Locations of

diatom samples and the occurrence chart of diatoms are shown in Fig. A9B and Table A12, respectively.
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Fig. 32  Diatom biostratigraphy of the Kohama Formation and the Takado Unit. Location of stratigraphic section (S19) is shown in
Fig. 26. Locations of diatom samples are shown in Fig. A9C. The occurrence charts of diatoms of the Kohama Formation and
the Takado Unit are shown in Tables A13 and A16, respectively.
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Fig. 33  Diatom biostratigraphy of the Juogawa Formation. Location of the stratigraphic section (S20) is shown in Fig. 27.

Locations of diatom samples are shown in Figs. A9D and A11. Occurrence chart of diatoms is presented in Table A14.
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Diatom biostratigraphy of the Kushigata Formation. Location of the stratigraphic section (S21) is shown in Fig. 27.

Locations of diatom samples and the occurrence chart of diatoms are shown in Fig. A9D and Table A15, respectively.
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Fig. 35  Photographs of the Takado Unit (submarine slide scar-
fills) overlying the Kohama Formation. Locations of the
outcrops are shown in Fig. 26. A) Locality L24-1 (Kohama
Beach), B) Locality L24-2 (Takado Beach).
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Fig. 36 Photograph and sketch of the subunit 1 of the Kokaigahama Unit (submarine slide scar fills) overlying the Kushigata
Formation at locality L25 near the river mouth of the Juo River, Kawajiri in Hitachi City. Location of the outcrop is shown
in Fig. 27. A) Photograph of the outcrop. B) Sketch of the outcrop.
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Diatom biostratigraphy of the subunit 1 of the Kokaigahama Unit (submarine slide scar fills).

Locations of stratigraphic sections (S22-1, S22-2), locations of diatom samples and the occurrence
chart of diatoms are shown in Fig. 27, Fig. A9D, Fig.36 and Table A17, respectively.
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Fig. 38  Diatom biostratigraphy of the subunit 2 of the Kokaigahama Unit (submarine landslide scar fills).
Locations of stratigraphic section (S23), locations of diatom samples and the occurrence chart of
diatoms are shown in Fig. 27, Fig. A9D and Table A18, respectively.
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Outcrops of the submarine channel fills of the Hitachi Group. Locations of the outcrops are shown in Fig. 39. A)

Mudstone of the Unit H7 of the Uwadai Channel covering the fine-grained sandstone of the Iwaki Formation, Shiramizu
Group at lolality L30 (road-side outcrop) to the north of Sunrise Golf Club, Takahagi City. B) The boundary between
Units H9 and H10 of the Ibukiyama Channel at locality L31 (road-side outcrop), Ibukidai, Hitachi City.
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Route map along the Koishi River in the Juo district (Hitachi City), showing the outcrops of submarine

channel fills of the Hitachi Group. Location of the route map is shown in Fig. 39. Diatom zonation is based on

Yanagisawa and Akiba (1998). See Fig. 4 for diatom interval.
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Photographs of channel walls and unit boundaries in the Hitachi Group observed along the Koishi River in the Juo district of
Hitachi City. Location of each photograph is shown in Fig. 44. Sketch of the outcrop at L32 is shown in Fig. 46. Sketches of
outcrops at L33, L39 and L40 are presented in Fig. 44. White broken line in each photograph indicates a channel wall or unit
boundary. A) Left wall of a tributary channel of the Koishikawa Channel at locality L32. H8: Interbedded sandy mudstone and
fine-grained sandstone of the Unit H8. T12: Diatomaceous mudstone of the Unit T12 of the Ishi Channel in the Taga Group. B)
Left wall of a tributary channel of the Koishikawa Channel at locality L33. H8: Interbedded sandy mudstone and fine-grained
sandstone of the Unit H8. T12: Diatomaceous mudstone of the Unit T12 of the Ishi Channel in the Taga Group. C) Unit boundary
between the Units H10 and H9 in the Koishikawa Channel at locality L34. H10: Sandy mudstone of the Unit H10. H9: Mudstone
intercalating 25 c¢m thick coarse-grained sandstone bed of the Unit H9. D) Unit boundary between the units H9 and H8 in the
Koishikawa Channel at locality L35. H9: Interbedded mudstone and fine-grained sandstone wiht 70 cm thick fine-grained
sandstone bed of the Unit H9. H8: Interbedded mudstone and fine- grained sandstone of the Unit H8. E) Left wall of the Uwadai
Channel at locality L39. H8: Lenticular calcareous concretion of sandy mudstone of the Unit H8. H6: Sandy mudstone of the
Unit H6 of the Unomisaki Channel. F) Unit boundary between the units H7 and H8 in the Uwadai Channel at locality L40. HS:
Alternating beds of sandy mudstone and fine-grained sandstone of the Unit H8. H7: Alternating beds of sandy mudstone and fine-
grained sandstone of the Unit H7.
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Fig. 46

Stratigraphic section (S24) showing stratigraphic relations between the Units H8 and H10 of the Hitachi Group with diatom

biostratigraphy of the two units in the Koishi River, Juo district (Hitachi City). Locations of stratigraphic section and the
occurrence chart of diatoms are shown in Fig. 44 and Table A 19, respectively.
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Fig. 47

INZTHOEHEOBHIZ L=y M ERERT. A) HdiftRfHEo L —

<y 7. B) MOIMHEREDO L=y FH6DWHEJeH 28 > LEBERAD L
=y FHTOE (HiFiL4l). D21ELOREIES5 em. C) LREBIKAD L
=y FHTOWHERSE 85 2=y PHSOUEHS (iriL42). D33 LORX

1255 cm. D) EEBEAOI=y FHIOWEIRSE 4B S 2= v FHIDJES
(t1yiL43). E) BHEDHRED I 10— 27 v 7,

Route map and photographs of submarine channel of the Hitachi Group. Locations
of outcrops are shown in Fig. 39. Broken line indicates unit boundary in each
photograph. A) Route map around Ishi (Hitachi City). B) Unit H7 (mudstone) of
the Uwadai Channel covering Unit H6 (sandy mudstone) of the Unomisaki Channel
at locality L41. C) Unit H8 (mudstone) covering Unit H7 (sandy mudstone) of
the Uwadai Channel at locality L42. D) Unit H9 (mudstone) covering Unit HS8
(sandy mudstone with sandsone seams) of the Uwadai Channel at locality L43. E)
Enlargement of the central part of photograph D (L43).
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Fig. 47D, E
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Unomisaki Channel of the Hitachi Group distributed along the Koishi River in the Juo district, Hitachi City.
A) Route map of the stratigraphic section S25. Location of the route map is shown in Fig. 44. B) Diatom

A EFEsY 3 /25D — b~ w7, i

biostratigraphy of the Unit H6 of the Hitachi Group which fills the Unomisaki Channel. The occurrence chart of
diatoms in this section is shown in Table A20.
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Diatom sample & interval

491X HILTHHBOW TR 5 2 ¥ OINBEAR ORBEDOBIHGE, Mo Eid s 39KITRT. A) LEEROMIZRE (Tk)
S AV EREO =y FH6 (BEL45). Tk: X5V FIRICEE LU -HEEEJeS. He : AWETL % 2F 2%

AIRKE TEOR & GO REHROWEIES. B) LHEBHO/NH rigx =y + (EETXDIEHEY) 0% 7

2=y +2(Tg2) %> H RO 2=y FH6 (MimiL4s). Tg2 : MEEPEBLREEEEYES. Ho : EWMEEL%2 20

7= SR ELSLIR ORI S.

Fig. 49  Photographs of channel walls of the Unomisaki Channel at Cape Unomisaki, Hitachi City. Locations of the outcrops are
shown in Fig. 39. A) Unit H6 of the Hitachi Group covering the Kushigata Formation (Tk) of the Taga Group at locality
L45. Tk: Deformed diatomaceous mudstone. H6: Bioturbated slightly calcareous and pumiceous massive sandy mudstone.
B) Unit H6 covering the Subunit 2 (Tg2) of the Kokaigahama Unit (submarine slide scar fills of the Taga Group) at locality
L46. Tg2: Massive diatomaceous mudstone. H6: Bioturbated massive sandy mudstone.
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c: sediment accumulation rate at channel thalweg v Supply of terrigenous muddy sediments
s: sediment accumulateion rate on shelf % Supply of biogenic muddy sediments
e: erosion rate at channel thalweg — Remove of muddy sediments by bottom current
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Fig. 50

TOJREVEMOHERGEE, s BEMFNI COREMBH OHERE, o BEADS
WMTOREME. 1) BES L FENRIEIC ST 3 REREBMOHER S 2 — V. A K
A L BEMIFHE IZ B0 2 VR BB OHERDHE AR UA (c=s), B : MBS DI A FE
A & 0 JRBE R E OHERGEE K E WIGE (c>s), C = FEMR T OIRER S OHE
FOHE R 0 DA (s=0). ) WEBITB T IRELHM S 2 —V. 1 BESTORSE
NEVEAE (e=0), 2: BEATOREWESVREVEMOHEREIYE L /N 0IES
(e<c), 3:WERTOEBEENTEVIBMOHERIE LD & KE WS (e>0).

Schematic diagram showing patterns of accumulation and erosion in submarine channels
filled with muddy sediments. c: Sediment accumulation rate at channel thalweg. s: Sediment
accumulation rate on shelf. e: Erosion rate at channel thalweg. 1) Patterns of muddy sediment
accumulation in submarine channel and slope. A: Sediment accumulation rate in submarine
channel equals to that on shelf (c = s). B: Sediment accumulation rate is larger in submarine
channel than on shelf (c >s). C: Sediment accumulation rate is zero on shelf (c= 0). 2) Patterns
of erosion and deposition in submarine channel. 1: No erosion in submarine channel (e = 0). 2:
Erosion rate is smaller than accumulation rate in submarine channel (e > ¢). 3: Erosion rate is
larger than accumulation rate in submarine channel (e > c).
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Simplified interpretation of temporal evolution of submarine channels
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Fig. 51  Schematic two-storied model showing temporal evolution of a submarine channel filled with muddy sediments.
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Fig. A4  Map showing locations of diatom samples in the western part of the Otsu district. Location of the map is shown in Fig. Al.
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Fig. A5 Map showing locations of diatom samples around Kamioka (southern part of the Otsu district) and Isohara (northern part of the
Isohara district). Location of the map is shown in Fig. Al.
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Fig. A8  Map showing locations of diatom samples in the Ishi and Juo districts. Location of the map is shown in Fig. Al.
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Maps showing locations of stratigraphic sections S01-S14 and diatom samples of stratigraphic sections S18—S23. Parts of
geographic maps (1: 25,000 in scale) published by the Geospatial Information Authority of Japan are used. Location of the map
is shown in Fig. Al. A: Map (part of geographic map ‘“Nakoso”) showing locations of the stratigraphic section S01-S14 in the
Hirakata Chanel, Hirakata district, Kitaibaraki City. B: Map (part of geographic map “Takahagi”) showing locations of diatom
samples of the Kidoba Formation in the stratigraphic section S18. C: Map (part of geographic map “Takahagi”’) showing locations
of diatom samples of the Kohama Formation and the Takado Unit in the stratigraphic section S19. D: Map (parts of geographic
maps “Takahagi” and “Hitachi”’) showing locations of diatom samples of the Juogawa Formation (S20), Kushigata Formation (S21),
the subunit 1 of the Kokaigahama Unit (S22) and the subunit 2 of the Kokaigahama Unit (S23).
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Fig. A10 Map showing locations of diatom samples of stratigraphic sections S01-S14 of the Hirakata Channel in the
Hirakata district, Kitaibaraki City. City planning maps No. 7, 8, 12 and 13 (1: 2,500 in scale) published by
Kitaibaraki City office are used. Location of the map and the routes of sections are shown in Figs. Al and A9A,
respectively. Columnar sections of the stratigraphic sections S01-S14 are shown in Fig. 12. Occurrence charts of
diatoms of the stratigraphic sections S01-S14 are presented in Tables A1-A9.
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Fig. A1l Map showing locations of diatom samples of stratigraphic sections S20 of the Juogawa Formation, Juo district, Hitachi
City. Location of the map is shown in Figs. A1 and A9D. Columnar section of the route is shown in Fig. 33. Occurrence
chart of diatoms of the stratigraphic section is presented in Table A14.
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Table A1 Occurrence chart of diatoms in the stratigraphic sections S01, S02, S03 and S04. Columnar sections of the stratigraphic sections
are presented in Fig. 12. Locations of the stratigraphic sections and samples are shown in Figs. A9A and A 10, respectively.
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Denticulopsis ichikawae Yanagisawa et Akiba 2127 28
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Thalassionema cf. hirosakiensis (Kanaya) Schrader - - - - 1 - - -
T. nitzschioides (Grunow) Mereschkowsky 6(1919 4/ 4 5 714 9 4
T. obtusa (Grunow) G.W.Andrews B ] - -

Thalassiosira grunowii Akiba et Yanagisawa T IR - - - -
T. leptopus (Grunow) Hasle et G.A Fryxell A - - A - - - -1 - - - - -1 - - - -1 - - - - - - - 4
T. mizunamiensis Y anagisawa Al- -+ 1 - B T ) [, e

'
'
'
'
+
'
'
'
'
'
'
'
'
'

+ &
~
w2

W

[R=]

N
w
[

+ o+

'
'
'
'
'
'
'
'
'
'
'
'

+
'
'
'

'

'

'

T. sp. (Matsushima) I T
Thalassiothrix longissima Cleve et Grunow A+ - - e T = R

.
\
\
.
\
\
.
.
\
+ +
.
,
\
\
.
.
\
)
.
.
\
\

Triceratium condecorum Brightw. N [
Trochosira concava Sheshukova B e !
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S o o ol o o O
RN ol [ v v S

100
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Total number of valves counted

Resting spore of Chaetoceros 9 - - - - 71717 17|10 7 416|124 1515 82313 7 - 516 -9 - -

Preservation, G: good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare. +: prersent, -: absent
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Table A2 Occurrence chart of diatoms in the stratigraphic section S05. Columnar section of the stratigraphic section is presented in Fig. 12.
Locations of the stratigraphic section and samples are shown in Figs. A9A and A10, respectively.

12, Rt Y a v OMERMNXIAIZ, FBHFEU &N

Section S05
Unit TS
Diatom zone (NPD) 4A
Diatom interval 4A6 4A7
Sample number S05-
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Original sample number (JOB)
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=

=
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oS> o
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—_ =

Actinocyclus ingens f. ingens (Rattray) Whiting et Schrader
A. ingens f. nodus (Baldauf) Whiting et Schrader

A. ingens {f. planus Whiting et Schrader - -
A. octonarius Ehr. - - -

A. sp. A - - - -
Actinoptychus senarius (Ehr.) Ehr. 2 2 2 3
Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell 1+

A. vetustissima (Pant.) P.A.Sims - -1 - 1 2
Cavitatus jouseanus (Sheshukova) D.M.Williams + 1 - 2110 1 + - 2 5 1 8 5 511 3 + 1/ 1 2 3 2
C. linearis (Sheshukova) Akiba et Yanagisawa e e s I
C. miocenicus (Schrader) Akiba et Yanagisawa + + - - 4+ -+ o+ - o -

Cocconeis costata Greg. e e
C. scutellum Ehr. S o e e e
C. vitrea Brun e e e
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Coscinodiscus lewisianus Grev. I T e | e e
C. marginatus Ehr. 2 2 - -2 -1 2 1 -1 2 4
Crucidenticula kanayae var. kanayae Akiba et Yanagisawa +

C. nicobarica (Grunow) Akiba et Yanagisawa - - - -
C. paranicobarica var. paranicobarica Akiba et Yanagisawa + + 1 5

e
8]
[
+

C. paranicobarica var. tropica Yanagisawa et Akiba - - - -

5
+

C. punctata (Schrader) Akiba et Yanagisawa e .
2

[}

Girdle view of Crucidenticula - - - -
Cymatosira debyi Temp. et Brun o e o T T T e

%)
+

Delphineis penelliptica G.W.Andrews - - - -
D. cf. surirella (Ehr.) G.W.Andrews
Denticula norwegica Schrader I T I I S R N

I

Denticulopsis ichikawae Yanagisawa et Akiba -1
D. lauta (Bailey) Simonsen 5 3 1
D. prachyalina Tanimura e e B

© &

+
oo+
oW
S
-
.00 —
v+
[
[SIRV

D. tanimurae Yanagisawa et Akiba e e
Girdle view of D. lauta group 6 3 2 7 100 3 8 7 15 12| 7 +
Girdle view of D. hyalina group o ! I A

A ES
o[
N
o+

Diploneis bombus Ehr. o o T o
Eucampia sp. A (= Hemiaulus polymorphus Grunow) - - - -1
Goniothecium rogersii Ehr. P e T T T ) [ Ot U,

Grammatophora spp. .

Hyalodiscus obsoletus Sheshukova 2 D T RSO S F (S |

Ikebea tenuis (Brun) Akiba T I B |

Kisseleviella carina Sheshukova 2 o e o
+

Mediaria splendida Sheshukova
Melosira sol (Ehr.) Kiitzing R e I | B
Nitzschia challengeri Schrader +
Odontella aurita (Lyngb.) J.A.Agardh ) T T I ]
Paralia sulcata (Ehr.) Cleve 2

— =
+

+l+ =

4
Porosira_sp. 1 e
Proboscia interposita (Hajos) Jordan et Priddle - 11 - 2
Pseudodimerogramma elliptica Schrader e
Rhizosolenia styliformis Brightw. 1 - - 1 - - -1
Rouxia naviculoides Schrader e T e e

+

Stellarima microtrias (Ehr.) Hasle et P.A.Sims 1

Stephanogonia hanzawae Kanaya - - - - -
Stephanopyxis spp. 3
Thalassi cf. hirosakiensis (Kanaya) Schrader -
T. nitzschioides (Grunow) Mereschkowsky 8
T.obtusa (Grunow) G.W.Andrews + - -
Thalassiosira leptopus (Grunow) Hasle et G.A.Fryxell e T e e
T. spp.

Thalassiothrix longissima Cleve et Grunow

EN )

+ -+ -1+

+ +

Trochosira spinosa Kitton 2 B
(=3 =3
- e

(=3
Total number of valves counted S

Resting spore of Chaetoceros 28 15 - 24 1921 -22 11 - - - | - - | 917 7 37

Preservation, G: good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare. +: prersent, -: absent

— 171 —



WEFHAMZEHE 2020 BT71& H3E

%3 BEirt s ¥ a2 806 RUS0T DEEE(LAE L. Ak
ELEAH 10125

Table A3 Occurrence chart of diatoms in the stratigraphic sections S06 and S07. Columnar sections of the stratigraphic sections are
presented in Fig. 12. Locations of the stratigraphic sections and samples are shown in Figs. A9A and A10, respectively.

RIS, B Y g vofiEiE A, FORHEREU

Section S06 S07

Unit T5 TS T7 T8
Diatom zone (NPD) 4A 4A 4Bb SA
Diatom interval 4A7 4A7] 4Bb SA
Sample number S06-[ 01 02
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Original sample number (JOB)
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~ z|1866 |2
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nz|1873 |2
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Actinocyclus ellipticus Grunow - - - -
A. ingens f. ingens (Rattray) Whiting et Schrader 20 12 8 7
A. ingens f. nodus (Baldauf) Whiting et Schrader 7 6 - 5
A. ingens f. planus Whiting et Schrader 2 1 -1
A. sp. A - -2 - - -1 1

Actinoptychus senarius (Ehr.) Ehr. 1 4 1 5 1 1 3 3+ 1 41 1 2 1 + 1 -
Adoneis pacifica G.W.Andrews et Rivera L I R |
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Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell - -1 - - - - e e
A. vetustissima (Pant.) P.A.Sims -1 2 - -1 - o
Cavitatus jouseanus (Sheshukova) D.M.Williams I 11 + 1 - 2 L B
C. linearis (Sheshukova) Akiba et Yanagisawa - - - - -+ - o

C. miocenicus (Schrader) Akiba et Yanagisawa T o
Cocconeis scutellum Ehr. - - - - - - e L
C. vitrea Brun - - - - - .- S e o F

Coscinodiscus marginatus Ehr. 5 3 4 8 - 3 - B S T
Crucidenticula nicobarica (Grunow) Akiba et Yanagisawa - - - - 5
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C. paranicobarica var. paranicobarica Akiba et Yanagisawa -+
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Delphineis surirella (Ehr.) G.W.Andrews - -
Denticulopsis lauta (Bailey) Simonsen 1 +
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'
'
'
'
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'
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D. ichikawae Yanagisawa et Akiba .- ..
Girdle view of D. lauta group - -
Denticulopsis tanimurae Yanagisawa et Akiba - -
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D. praehyalina Tanimura 6 4
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Girdle view of D. hyalina group -1 + 3 2
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'

Denticulopsis simonsenii Yanagisawa et Akiba R A- - 1[12 14 9 6
D. vulgaris (Okuno) Yanagisawa et Akiba R A - 1 -+ +
S-type girdle view of D. simonsenii group - - - - === Al - - |13 816 5

1
Denticulopsis praedimorpha var. prima Watanabe et Yanagisawa R R
Eucampia sp. A (= Hemiaulus polymorphus Grunow) N
Goniothecium rogersii Ehr. - - -

Grammatophora spp. - - -

oo+ o+

Hyalodiscus obsoletus Sheshukova - - -
Ikebea tenuis (Brun) Akiba - - -

Kisseleviella carina Sheshukova e o

[S)

'

'
~
w
+
[S]
[

'
+
N

Mastogloia splendida (Grev.) Cleve - - -
Mediaria splendida Sheshukova -
Melosira sol (Ehr.) Kiitzing 1

Nitzschia challengeri Schrader + - - - 4+ 1 -

+ o+
+ o+

T
N. grunowii Hasle - - - - - oo I I |
N. heteropolica Schrader -o- - - oo oo o ]+ o+ -
Paralia sulcata (Ehr.) Cleve -5 5 3 - - - 11+ 3 + 1 6
Proboscia alata (Bright.) Sundstom - - - - - - - T

Proboscia interposita (Hajos) Jordan et Priddle e e
Rhaphoneis amphiceros Ehr. - -1 - - - - e
Rhizosolenia miocenica Schrader - - - - .- g - - 4 - -2 - - o -
R. styliformis Brightw. e I T |
Rouxia californica Perag. - - - - .o e
1
2

—_ A =
SIS
L N

Stellarima microtrias (Ehr.) Hasle et P.A.Sims
Stephanopyxis spp.

Thalassi cf. hirosakiensis (Kanaya) Schrader
T. nitzschioides (Grunow) Mereschkowsky

T. obtusa (Grunow) G.W.Andrews

Thalassiosira grunowii Akiba et Yanagisawa - - - - - - - A o- - - - -2 2+ -

T. leptopus (Grunow) Hasle et G.A.Fryxell - - - - - =2 o
T. manifesta Sheshukova e | e
Thalassiothrix longissima Cleve et Grunow - - - - - - - A+ + - - - - - -+
Trochosira spinosa Kitton - - - - - - - 43 + 4 - -1 1 2 1 4
Total number of valves counted 50 50 50 50 50 50 50 50{ 50 50 5050 50 50 50 50 50 50
Resting spore of Chaetoceros - - 712 910 6 | - - - - -49 58 54 43 -

Preservation, G: good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare. +: prersent, -: absent
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Table A4 Occurrence chart of diatoms in the stratigraphic section S08. Columnar section of the stratigraphic section is presented in Fig. 12.
Locations of the stratigraphic section and samples are shown in Figs. A9A and A10, respectively.

B RIS, s Y g v OMEIZAXI9AID, GURHREU E 3t

Section S08

Unit or formation Kamenoo| Kokozura T5 T6
Diatom zone or subzone (NPD) 2B 3A 4A 4Ba 4Bb
Diatom interval 2B 3A2 4A6 4Ba B
Sample number S08- 04
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Actinocyclus ingens f. ingens (Rattray) Whiting et Schrader - -
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A. vulgaris Schum. - - - - - - - - -
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N
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'
+

Arachnoidiscus spp. - e !
Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell - N 1 -
A.vetustissima (Pant.) P.A.Sims - e -
Cavitatus exiguus Yanagisawa et Akiba - B S |

C. jouseanus (Sheshukova) D.M.Williams + +| + + 1| 8 4 4 2 6 4 3 2 3 1 -
C. linearis (Sheshukova) Akiba et Y: isawa - A - - A+
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+ ~
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+
+ -
w o+
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+
'
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C. miocenicus (Schrader) Akiba et Yanagisawa 1 1l - - - - - - - - - - - o2 1+ |
Cocconeis antiqgua Temp. et Brun - - - - - - - - - -

C. vitrea Brun - e - -

Coscinodiscus marginatus Ehr. 1 - -3

w
'
'
+

Crucidenticula nicobarica (Grunow) Akiba et Yanagisawa [long] - -l - - -

+ o =
'
®© — N

C.paranicobarica var. paranicobarica Akiba et Yanagisawa - Al - - -
Girdle view of Crucidenticula - A o- - -
Cymatosira debyi Temp. et Brun - A o- - -

+ o+
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Denticulopsis lauta (Bailey) Simonsen e
D. ichikawae Yanagisawa et Akiba !

® N

Girdle view of D. lauta group e
Denticulopsis tanimurae Yanagisawa et Akiba R e T I
D. praehyalina Tanimura - e e )

N o= »f+ + + + o
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B T N S
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'
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Girdle view of D. hyalina group e e e
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v
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4
17 7 16 1| 9 5
Denticulopsis simonsenii Yanagisawa et Akiba - e - - - - - - - - R |
Diploneis smithii (Bréb.) Cleve - e - - - - - - - - R

Eucampia sp. A (= Hemiaulus polymorphus Grunow) e ! L - - - N
Goniothecium rogersii Ehr. B T I I - - - - - T |
Grammatophora spp. - H -+ o -+ -] - - - - N e
Hemiaulus bipons (Ehr.) Grunow e L - - - I e
Hyalodiscus obsoletus Sheshukova R | I e R S 1

Tkebea tenuis (Brun) Akiba 10 4] - - | - -+ - - - R R - 1 7 + 15| + 2
Kisseleviella carina Sheshukova 10 14 - 5 - - - - - - - - - - 1 - - [

1

Koizumia adaroi (Azpeitia) Yanagisawa - -l -
Mediaria splendida Sheshukova - A - - A+ o+ + 4+ o+ 1 o+ - R
Melosira sol (Ehr.) Kiitzing e ! e e e
Nitzschia challengeri Schrader - - o+ o+l o+ o+ 2 1 2+ o+ 1 | - -
N. grunowii Hasle - e - - - - - - - - R

N.heteropolica Schrader e e e L T g
Odontella aurita (Lyngb.) J.A.Agardh - - - - -
Paralia sulcata (Ehr.) Cleve 1 A1 4 50 -1 - | 2 6 -3 1 1 - - -+ +

,

.

,
+|+

Proboscia alata (Bright.) Sundstom - N e
P.interposita (Hajos) Jordan et Priddle - 4o - 1 -

'
w
+
+

'

'

1
Pseudodimerogramma elegans Schrader - A - - -+ - - - - - - - - [
P. elliptica Schrader T - - - - - - - - -
Rhizosolenia miocenica Schrader - e - - - - - - - -
R. styliformis Brightw. -
Rouxia californica Perag. - I - - N - - -3 1 PR
R. naviculoides Schrader

w

'

'
)

'
+
w

'

'

'

'

N
o
.
.
LS
.
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+
Lol
w

Stellarima microtrias (Ehr.) Hasle et P.A.Sims
Stephanogonia hanzawae Kanaya

|
©
)
[N)
EN
©
oo
|
[

Stephanopyxis spp. 6
Thalassi cf. hirosakiensis (Kanaya) Schrader - A - -2 -1
5
1

o oo +
'
'

T. nitzschioides (Grunow) Mereschkowsky 8
T. obtusa (Grunow) G.W.Andrews e e
Thalassiosira grunowii Akiba et Yanagisawa e T - - - - - - R S
T. sp. 1 R e e

[
[}
=
v
'S
w
[N
=
w
D]
w
S
®
S
)
S

Thalassiothrix longissima Cleve et Grunow - H - - - - -+ 1 1 1+ 1 1+ - - -
Triceratium condecorum Brightw. e 1 e e e
Trochosira spinosa Kitton 3 M3 11 -+ - - - - - - - - - - - - -
Aulacoseira spp. 2 3 - - 4 - -1 - - - - - N e
Total number of valves counted 50 50{26 50 50{50 50 50 50[ 100 100 100 100 100| 100 100 100 100 50|50 50
Resting spore of Chaetoceros 279 274 5 7 62[22 15 12 22 - - - - Ao- - - - 9[22 12

Preservation, G: good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare. +: prersent, -: absent
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Table A5 Occurrence chart of diatoms in the stratigraphic section S09. Columnar section of the stratigraphic section
is presented in Fig. 12. Locations of the stratigraphic sections and samples are shown in Figs. A9A and
A10, respectively.

Section S09

Unit T5 T6 T7
Diatom zone or subzone (NPD) 4A 4Ba 4Bb
A 4Bb
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Diatom interval
Sample number S09-| 0
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Abundance
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Actinocyclus ingens f. ingens (Rattray) Whiting et Schrader
A. ingens f. nodus (Baldauf) Whiting et Schrader -
A. ingens f. planus Whiting et Schrader
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Coscinodiscus lewisianus Grev. ! e | R .-
C. marginatus Ehr.

Crucidenticula nicobarica (Grunow) Akiba et Yanagisawa
C. paranicobarica var. paranicobarica Akiba et Yanagisawa
Delphineis surirella (Ehr.) G.W.Andrews

Denticulopsis lauta (Bailey) Simonsen

[ Sy =

D. ichikawae Yanagisawa et Akiba - -
Girdle view of D. lauta group
Denticulopsis tanimurae Yanagisawa et Akiba

W = W
BN

D. praehyalina Tanimura
D. hyalina (Schrader) Simonsen - -

Girdle view of D. hyalina group 6
Goniothecium rogersii Ehr. -

+ 4+
.
.
.
'

Hemiaulus bipons (Ehr.) Grunow -
Hyalodiscus obsoletus Sheshukova - - 11 1

Ikebea tenuis (Brun) Akiba - - - + 6 2 3 2 - 5 3 1 +
Kisseleviella carina Sheshukova - - -1

Mediaria splendida Sheshukova + 4+ o+ - - - - - - - - -
Melosira sol (Ehr.) Kiitzing - - - - - - - -1 A - - -
Neodelphineis pelagica Takano + 4 - - - - - - - - - -

Nitzschia grunowii Hasle - - -1 - -1+ - _ _ _ _
N. heteropolica Schrader -
Paralia sulcata (Ehr.) Cleve 3
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Rhizosolenia hebetata f. hiemalis Gran S !
R. styliformis Brightw. - < -1 1 - 1 - - -1
Stellarima stellaris (Roper) Hasle et P.A.Sims e
Stephanopyxis spp. -5 - - 1 2 3
Thalassionema cf. hirosakiensis (Kanaya) Schrader + 1 1
T. nitzschioides (Grunow) Mereschkowsky 14 131 8 3
T. obtusa (Grunow) G.W.Andrews -+ 1
Thalassiosira grunowii Akiba et Yanagisawa ! L |
T. leptopus (Grunow) Hasle et G.A.Fryxell o 1
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Thalassiothrix longissima Cleve et Grunow N T -
Trochosira spinosa Kitton e
Total number of valves counted 50 50[ 50 50 50 50 50 50 50 50| 50 50 50
Resting spore of Chaetoceros 1 171 - -

'
'
'
'
+

Preservation, G: good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare. +: prersent, -: absent
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Table A6 Occurrence chart of diatoms in the stratigraphic section S10. Columnar section of the stratigraphic section is presented in Fig. 12.
Locations of the stratigraphic section and samples are shown in Figs. A9A and A10, respectively.

Section S10

Unit T7 T8
Diatom zone or subzone (NPD) 4Bb
Diatom interval 4Bb
Sample number S10-
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Delphineis surirella (Ehr.) G.W.Andrews e 1 e e e

Denticulopsis lauta (Bailey) Simonsen e I T T S
+

D. praedimorpha var. prima Watanabe etYanagisawa !
D. hyalina (Schrader) Simonsen 54 26 35 21{30 31 15 23|11 37 20 53|27 21 35 24 14
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.
'
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Grammatophora spp. e
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'
'
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'
'
'
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N. heteropolica Schrader + - - o - -
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\
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Rhaphoneis sp. e e e !
Rhizosolenia miocenica Schrader R T L o e o
R. styliformis Brightw. !

Rouxia naviculoides Schrader 1 - 4+ < - - - -
Stellarima microtrias (Ehr.) Hasle et P.A.Sims R
Stephanogonia hanzawae Kanaya -
Stephanopyxis spp. 1

Stictodiscus kittonianus Grev. S e [
Thalassionema cf. hirosakiensis (Kanaya) Schrader R
T. nitzschioides (Grunow) Mereschkowsky 8 + + 3|3

T. obtusa (Grunow) G.W.Andrews ! T U U I R
Thalassiosira grunowii Akiba et Yanagisawa + 4+ 4+ 11

T. leptopus (Grunow) Hasle et G.A Fryxell e e !
Thalassiothrix longissima Cleve et Grunow e e et ! [ T - [ [ R

Triceratium condecorum Brightw. e e e
Trochosira spinosa Kitton s ot e

Aulacoseira_sp. e
S O O|10 © O ol © o
N o nn NN N n NN

o o o olo o o ol o ool o oflo oo
v [roRveY ol e B BTe BTl [ oo R Vel

100
100

Total number of valves counted

Resting spore of Chaetoceros -1020 7)12 1518 4] - 11 - -|18 8 -1421[48 61 24 36[36 11 25 36[41 29 27 74| 3 40 39

derate, P: poor. Abund: A: abund: C: common, R: rare.

Preservation, G: good, M: 1
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Table A7 Occurrence chart of diatoms in the stratigraphic section S11. Columnar section of the stratigraphic section is presented in Fig. 12.
Locations of the stratigraphic section and samples are shown in Figs. A9A and A10, respectively.

Section S11

Unit T7 T8
Diatom zone or subzone (NPD) 4Bb 5A
Diatom interval 4Bb 5A
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Actinocyclus curvatulus C.Janisch e e !
. ellipticus Grunow I

5]
-

A

A. ingens f. ingens (Rattray) Whiting et Schrader 14 5|10
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Grammatophora spp. -
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©
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0
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S
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Nitzschia challengeri Schrader - -

N+ =

+
N. grunowii Hasle S T |
N. heteropolica Schrader - o+
Odontella aurita (Lyngb.) ].A.Agardh e ! [
Paralia sulcata (Ehr.) Cleve 6 2[10 10 11 9/12 19 3
Proboscia alata (Bright.) Sundstom e

.
.
,
.
.
.
-+ o

Rhizosolenia miocenica Schrader [ (! e I R S I R |

R. styliformis Brightw. e e (e L e | e e
Rouxia naviculoides Schrader e ! e e

Stellarima microtrias (Ehr.) Hasle et P.A.Sims - o - - - T -
Stephanopyxis spp. -
Thalassionema cf. hirosakiensis (Kanaya) Schrader

DA =
[}
)
e

+
T. nitzschioides (Grunow) Mereschkowsky 3
Thalassiosira grunowii Akiba et Yanagisawa 1
T. leptopus (Grunow) Hasle et G.A.Fryxell R T I
T. sp. I S I T N I BT
Thalassiothrix longissima Cleve et Grunow B T T T e B T B

Triceratium condecorum Brightw. R 1 o o e

Aulacoseira spp. I T T e T e T B
Total number of valves counted 50 50 § 50 50 50|50 % 50 50{50 50 50 50(50 50 50 50|50 50 50 50{50 50 50
Resting spore of Chaetoceros 13 19 - 28 28 30|23 - 40 42|32 47 45 1639 27 19 29[44 27 11 34/24 41 59

d

Preservation, G: good, M: P: poor. Abund A: abund: C: common, R: rare.
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Table A8 Occurrence chart of diatoms in the stratigraphic sections S12 and S13. Columnar sections of the stratigraphic sections are
presented in Fig. 12. Locations of the stratigraphic sections and samples are shown in Figs. A9A and A10, respectively.

Section S12 S13

Unit T7 T8 T7 T8
Diatom zone or subzone (NPD) 4Bb S5A ? 4Bb SA
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T. leptopus (Grunow) Hasle et G.A.Fryxell e I T e e !
Thalassiothrix longissima Cleve et Grunow I T e
Total number of valves counted 50 53 50{50 50 50 50|50 50 50/50 50 50 50 50 50{50 50 50 50|50 50 50 50[{50 50 50 50 50

Thalassiosira grunowii Akiba et Yanagisawa - - <11 - <21 1 - - - -

Resting spore of Chaetoceros 10 10 25|55 32 66 48 £ S 47125 0 25 24 15 11{40 20 19 27| 5 13 10 19|16 24 E 19 56

Preservation, G: good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare.
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Table A9 Occurrence chart of diatoms in the stratigraphic section S14. Columnar section of the stratigraphic section is presented in Fig. 12.
Locations of the stratigraphic section and samples are shown in Figs. A9A and A10, respectively.

Section S14
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S-type girdle view of D. simonsenii group ! ! [
Diploneis smithii (Bréb.) Cleve e !
Eucampia sp. A (= Hemiaulus polymorphus Grunow) ! L I L o

Goniothecium rogersii Ehr. e e ) e I [ I,
Grammatophora spp. e e T ! [
Hyalodiscus obsoletus Sheshukova R I | I S IR R | R
Ikebea tenuis (Brun) Akiba o I R [T
Kisseleviella carina Sheshukova + 12 - = - - - - e - e e e e - - -

'
'
'
'
'
'
'
'
+
'
'
'
'
'
'
'
'
'
'
'

Mastogloia splendida (Grev.) Cleve
Mediaria splendida Sheshukova
Melosira sol (Ehr.) Kiitzing
Nitzschia challengeri Schrader

+ + o+
.
,
.
.
,
.
.
.
.
.
.
.
.
,
.
,

'
'
'
'
'
'
'
'
'
'
'
'
'
'
4
+
'
'
'
'
'

N. grunowii Hasle

N. heteropolica Schrader
Paralia sulcata (Ehr.) Cleve
Proboscia interposita (Hajos) Jordan et Priddle -1 - -1 -

+ +

—

-

w

= .

w o

S .

+ 2
wn
o

w o

w

=

+ oo

.

!

!

!

!

!

!

!

Pseudodimerogramma elegans Schrader B T T It R
Rhizosolenia hebetata f. hiemalis Gran e ! [

4
'
'

R. miocenica Schrader et !
R. styliformis Brightw. R I T I e I I N
Stellarima microtrias (Ehr.) Hasle et P.A.Sims 1 -+ - =1 = < -1 - < = = « = - - 4

+
'
'

Stephanogonia hanzawae Kanaya !
Stephanopyxis spp. 11 + 1
Thalassionema cf. hirosakiensis (Kanaya) Schrader 324 2 | - - - | - - - - -+ - - - -
T. nitzschioides (Grunow) Mereschkowsky 12 7 4 2

®© |+

Thalassiosira grunowii Akiba et Yanagisawa e e ! [

T. mizunamiensis Yanagisawa - - - A1
Thalassiothrix longissima Cleve et Grunow e T I ] [

Trochosira spinosa Kitton ] T L (T ()
Aulacoseira spp. R B s I e B e T
Total number of valves counted 50 50 50 50|50 50 50 50|50 50 50 50{50 50 50|50 50 50 50|50 50 50 50
Resting spore of Chaetoceros 9 522 13|11 10 5 8|11 1324 8| 511 7|16 48 14 12|14 10 8 7
Preservation, G: good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare.
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Table A10 Occurrence chart of diatoms in the stratigraphic section S16. Route of this section is shown in Fig. 20.
Columnar section of the stratigraphic section is presented in Fig. 22.

Section S16
Formation or unit T11
Diatom zone (NPD) 5C
Diatom interval 5C1 5C2
Sample number of this study S16-

Original sample number (JOB-)

Preservation
Abundance
A. ingens f. ingens (Rattray) Whiting et Schrader
A. ingens f. planus Whiting et Schrader -

A |4831|3

—|= —|4832|2
wla o|4836|S
—|> al4837|8

—
'
'
'
]

A. octonarius Ehr. -1
A. sp. A - -
Actinoptychus senarius (Ehr.) Ehr. 7
Adoneis pacifica G.W.Andrews et Rivera -
Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell -
A. nodulifera (A.W.F.Schmidt) G.A.Fryxell et P.A.Sims -
A. vetustissima (Pant.) P.A.Sims -
Cavitatus jouseanus (Sheshukova) D.M.Williams - - - -
C. miocenicus (Schrader) Akiba et Yanagisawa +

+ = =
w
4
+ =

+ W o
|
—_
—_

+
N
4+ = o=

+ +

Coscinodiscus marginatus Ehr. 1

—_—
'
N =
]

Denticulopsis crassa Yanagisawa et Akiba - -
D. hustedtii (Simonsen et Kanaya) Simonsen
D. simonsenii Yanagisawa et Akiba

D. vulgaris (Okuno) Yanagisawa et Akiba

— 4+ |=
—_
— WA =

S-type girdle view of D. simonsenii group

+ o= =
W W+
+ B owls

Grammatophora spp.

Hemidiscus cuneiformis G.G.Wall.
Hyalodiscus obsoletus Sheshukova
Ikebea tenuis (Brun) Akiba -
Nitzschia heteropolica Schrader

Paralia sulcata (Ehr.) Cleve

Proboscis barboi (Brun) Jordan et Priddle
Rhizosolenia hebetata f. hiemalis Gran

+ + + o Wl w» +

w +
&~ +
N+ =
N
(o) — N+
' '

R. miocenica Schrader -
R. styliformis Brightw. 1
Stellarima microtrias (Ehr.) Hasle et P.A.Sims -

'
'

N — [+ N
+

Stephanogonia hanzawae Kanaya -
Stephanopyxis spp. 3
Thalassionema hirosakiensis (Kanaya) Schrader 12
T. nitzschioides (Grunow) Mereschkowsky 18

D o N
W

=N NN+ =+
|

— =
—_ N W[+ N = =y

'
|
+

Thalassiosira grunowii Akiba et Yanagisawa -
T. leptopus (Grunow) Hasle et G.A.Fryxell -
T. yabei (Kanaya) Akiba et Yanagisawa

+
-
-
D
-+
+

Thalassiothrix longissima Cleve et Grunow - - - 4 -+

Total number of valves counted 50 50 50 50 50 50

Resting spore of Chaetoceros 17 12 13 11 32 3

Preservation, G; good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare.
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Table A11 Occurrence chart of diatoms in the stratigraphic section S17. Columnar section of the stratigraphic section is

presented in Fig. 28. Locations of samples are shown in Fig. 44.

Section S17

Unit T9 T12
Diatom zones (NPD) 5B 5
Diatom interval 5B2
Sample number S17-

a

v
Q

2

=
I~
b
=
b
>
3
=
S
=

Original sample number (JOB)

=[4738|2
o + | o|2068 |8

Preservation

Abundance

Actinocyclus ellipticus Grunow

A. ingens f.ingens (Rattray) Whiting et Schrader
A. ingens f. planus Whiting et Schrader

= 4739|2
= | 5263|2
+ +|0E[5264]Q
o | | 5265
— _lo <5266
o | 5268
o | 5269
o | 5270
= | 5271
| 5272
o | 5273
| 5274
275 |2

=+l
I\)»—l—-xl.”'ﬁ526lg
oo oo o+ |0 E|5262(5

)
S
o |m | 5276

&
IS
s
v
®
w

A.octonarius Ehr.

-
IS

4

IS

w

[~
w
[N
wo—

Actinoptychus senarius (Ehr.) Ehr. 11
Adoneis pacifica G.W.Andrews et Rivera - -
Arachnoidiscus spp. - -
Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell 1
A. nodulifera (A.W.F.Schmidt) G.A Fryxell et P.A.Sims -
A. vetustissima (Pant.) P.A.Sims 1
Cavitatus jouseanus (Sheshukova) D.M.Williams - -
C. lanceolatus Akiba et Hiramatsu R s [ T I |

C. miocenicus (Schrader) Akiba et Yanagisawa -+l A - - - - - -2 H -+ - -
Cocconelis costata Greg. e e e
C. scutellum Ehr. - - -
C. vitrea Brun + -1 -
Coscinodiscus marginatus Ehr. 1 -4 -2 1115+ 1

C. radiatus Ehr. e e A {1 ) I
Clavicula polymorpha Grunow et Pant. B [T e e T

+

&)
'
'
+
'
'
+lwn o~
'
w

Crucidenticula punctata (Schrader) Akiba et Yanagisawa -
C. paranicobarica var. paranicobarica Akiba et Yanagisawa| - - - -| - - - - - - - - - | - -+ - - - - -
Delphineis biseriata (Grunow) G.W.Andrews S S et
D. surirella (Ehr.) G.W.Andrews B I

Denticulopsis crassa Yanagisawa et Akiba LI N L L
D. hustedtii (Simonsen et Kanaya) Simonsen R I I T T
D. hyalina (Schrader) Simonsen B T T [ ] I (-
D. ichikawae Yanagisawa et Akiba !

W=
'

D. lauta (Bailey) Simonsen R
D. praedimorpha var. minor Yanagisawa et Akiba +
(Closed copula) +
D. simonsenii Yanagisawa et Akiba 1
D. vulgaris (Okuno) Yanagisawa et Akiba - -
Girdle view of D. lauta group E s
S-type girdle view of D. simonsenii group + + 1 - - -1 -
Diploneis bombus Ehr. I B

'
+
'
'
'
'
'

+ o+

+ =
w
+ —|
+ o+
—_— N

.
.

=
.

.

Eucampia sp. A (= Hemiaulus polymorphus Grunow) + -+ o - -
Goniothecium rogersii Ehr. -+ -+
Grammatophora spp. + - - o - -
Hyalodiscus obsoletus Sheshukova -
Ikebea tenuis (Brun) Akiba 1
Mediaria splendida Sheshukova + - -+ - -
Melosira sol (Ehr.) Kiitzing -
Nitzschia grunowii Hasle - -
N. heteropolica Schrader - -
Odontella aurita (Lyngb.) J.A.Agardh - -
Paralia sulcata (Ehr.) Cleve 14 13
Plagiogramma staurophorum (Greg.) Heib. S [
1
+

N+ +
N
'
'
'
[V I
'
wo o

N[— = =,
.
.
ul+ +
.
.
.
.

Proboscia alata (Bright.) Sundstom -
P. barboi (Brun) Jordan et Priddle 1
Rhi: ], i heh. f hi 7 Gran _ _ _ _ _ _
R. miocenica Schrader N
R. styliformis Brightw. + + - -1 -
Rouxia californica Perag. - -1 - -
Stellarima microtrias (Ehr.) Hasle et P.A.Sims - - -
Stephanogonia hanzawae Kanaya -1 2
Stephanopyxis spp. + - 2
Thalassionema hirosakiensis (Kanaya) Schrader + - 2

0

1

+

.
+
!
.+
—
.+
!
!
!
+

=
Vo
+ 0+ + +
' '
o=
'
o
i
'
'

o

+ =

T. nitzschioides (Grunow) Mereschkowsky 18211

w
°
oW
)
S
[SRRoeIN i

+
[S]
w

Thalassiosira grunowii Akiba et Yanagisawa + -

T. leptopus (Grunow) Hasle et G.A.Fryxell - -

T. manifesta Sheshukova - - - - +

T. cf. temperei (Brun) Akiba et Yanagisawa - - -1 -+ 2+

T. yabei (Kanaya) Akiba et Yanagisawa + -1 - - - -1 -1
+

Thalassiothrix longissima Cleve et Grunow BT I,

D o—
'
[N
'

Triceratium condecorum Brightw. e T
Aulacoseira spp. e T e ! e R
Navicula sp. o e
Total number of valves counted 50 50 50 50|50 50 50 50 50{50 50 50 50 50{50 50 50 50 50/50 50 50
Resting spore of Chaetoceros 27 1539 13|11 11 13 27 5]12 7 11 3 11]13 20 27 27 22|60 32 22

Preservation, G: good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare.
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Table A12 Occurrence chart of diatoms from the Kidoba Formation in the stratigraphic section S18. Columnar section of the
stratigraphic section is presented in Fig. 31. Route of the stratigraphic section and locations of samples are shown in
Figs. 26 and A9B, respectively.

Section S18

Formation Kidoba Formation

Diatom zone NPD3B NPD4A
3

Diatom interval
Sample number S18-

~
=

—_
—_

Original sample number (JOB)

Preservation
Abundance

Actinocyclus ingens f. ingens (Rattray) Whiting et Schrader
Actinocyclus ingens f. planus Whiting et Schrader

W
o |0 7| 2033 [ S|
—[> 4781 R
|0 =|2032| 3|
+» 04794 |2
o[> 0| 4895 |2

ool g[2020(3
—[> [48%94

— — o[> E|4782|R

Actinocyclus octonarius Ehr.
Actinocyclus sp. A

Actinoptychus senarius (Ehr.) Ehr.
Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell -1 - - -

W+ +
'
'
'
'

N W
+]on +

Azpetia vetustissima (Pant.) P.A.Sims - - -
Cavitatus exiguus Yanagisawa et Akiba A4 - - - - -

A+
+
w

Cavitatus jouseanus (Sheshukova) D.M.Williams 1 1
Cavitatus miocenicus (Schrader) Akiba et Yanagisawa +Ho- -+ - -
Cestodiscus peplum Brun A1 -+ - - -

.
'
+ow o= 4 4|+
.
'
'

Coscinodiscus lewisianus Grev. - - - - -

'
'
+

'

1
Coscinodiscus marginatus Ehr. A1 - - -1+

Cymatosira cf. loretziana Grunow - -1
Delphineis miocenica (Schrader) G.W.Andrews 11 2 2 2 2 4
Delphineis penelliptica G.W.Andrews -+ F

!
© +|=
+
.

Denticulopsis lauta (Bailey) Simonsen -1 o- - - - -

Denticulopsis praelauta Akiba et Koizumi + 8 14 1 7 2122 7 19 6

Girdle view of D. lauta group - - - - -2 - -
Diploneis bombus Ehr. -+

Eucampia sp. A (= Hemiaulus polymorphus Grunow) -+ - - -1 - - -1
+

Grammatophora spp.

Tkebea tenuis (Brun) Akiba
Kisseleviella carina Sheshukova
Mediaria splendida Sheshukova
Melosira sol (Ehr.) Kiitzing -l-
Nitzschia challengeri Schrader -

[
:

+ o+ .
.

.

+
TR
+
o
+ o+ |+ +
'
'
'

Nitzschia maleinterpretaria N
Paralia sulcata (Ehr.) Cleve 3+ + 1 + 5
Planifolia tribranchiata Ernissee 4 - - - - 4+ - - - -

Porosira glacialis (Grunow) Jorg. 1o - - - < - -1 -

—_
'
'
'
'
'
'
'
'
'

Raphidodiscus marylandicus Christian
Rhaphoneis angularis A1 - - -

-
.
.
.

+
Rhaphoneis parilis Hanna I |
Rhizosolenia miocenica Schrader 1 N |

'
+
+
'

Rouxia naviculoides Schrader -1 - - - -
Stellarima microtrias (Ehr.) Hasle et P.A.Sims -l o+

Stephanopyxis spp. 9 + - - 3
Thalassionema cf. hirosakiensis (Kanaya) Schrader 31 +

Thalassionema nitzschioides (Grunow) Mereschkowsky 11135 29 33 17 1413 11 7 24
Thalassionema obtusa (Grunow) G.W.Andrews 41 2 1r - - - - - -
Thalassiosira leptopus (Grunow) Hasle et G.A Fryxell - - - - -1 - 1 - -

+ +
[\S}
-
T

Thalassiosira mizunamiensis Yanagisawa 1 -+ - - - - - - +
Trochosira spinosa Kitton 411 2 6 9 - - - -
Total number of valves counted 50 50 50 50 50 50| 50 50 50 50
Resting spore of Chaetoceros 35 9 6 27 10 12( 7 11 3 8

Preservation, G; good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare.
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Section S19
Formation or unit T1 Kohama Formation
Diatom zone (NPD) 5B NPD5C
Diatom interval 5B3] 5C2

Sample number of this study S19-| 01/02 03 12 13 14 15|16 17 18 19 20
Sample number (KHM-) of Yanagisawa (2000) 11 16 18 19

o
S
=]
°
N
]

24 2526 27 28 29 30
26 27 28
o —
NN
o a

©
o 4[> QP35 LR
IS
NS
S|=
e

Original sample number (JOB-)

Preservation

Abundance

Actinocyclus ellipticus Grunow

A. ingens f. ingens (Rattray) Whiting et Schrader
A. ingens f. planus Whiting et Schrader -
A. sp. A - -
Actinoptychus senarius (Ehr.) Ehr. 11
Adoneis pacifica G.W.Andrews et Rivera A - -
Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell 211 - -
A. nodulifera (A.-W.F.Schmidt) G.A.Fryxell et P.A.Sims - - -
A. vetustissima (Pant.) P.A.Sims A+ -
Cavitatus jouseanus (Sheshukova) D.M.Williams -l - -
C. miocenicus (Schrader) Akiba et Yanagisawa - - -
Cocconeis spp. Al - -
Coscinodiscus marginatus Ehr. B e | I
C. radiatus Ehr. B I I
Crucidenticula punctata (Schrader) Akiba et Yanagisawa M- - - - - - - - [ - - - - | - - - - [ - - - - - - - - - -
Cymatosira debyi Temp. et Brun 1l -
Delphineis surirella (Ehr.) G.W.Andrews -
Denticulopsis hyalina (Schrader) Simonsen 1

D. praedimorpha var. minor Yanagisawa et Akiba 1

(Closed copula) - - - | - - - - [ - - - - - - - - - -/ - - - - - - - - -
D. praedimorpha var. praedimorpha Barron ex Akiba 6

(Closed copula) 16 - - - | = = = = - - - - - o - - - - - - - - o - - - - -
D. dimorpha var. dimorpha (Schrader) Simonsen B I I T T R
(Closed copula) - - -
D. crassa Yanagisawa et Akiba 1|+ + +

(Closed copula) Ao+ +

D. hustedtii (Simonsen et Kanaya) Simonsen -7 33

D. simonsenii Yanagisawa et Akiba 7(21 25 412| 913
D. vulgaris (Okuno) Yanagisawa et Akiba -1 3 510

S-type girdle view of D. simonsenii group 326 10 12

D-type girdle view of D. simonsenii group A4 - -]
Diploneis spp. B

o <3252 |o|s
A w3253
> 03254
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o o [512
NNSE
> of5i4
> o520
> a3261
w > Z[3262
> o273 |2

w3251 |o0
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w
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'
'
'
'
'
'
'
'

+
'

Eucampia sp. A (= Hemiaulus polymorphus Grunow) B I
Goniothecium rogersii Ehr. !
Grammatophora_spp. .
Hemidiscus cuneiformis G.G.Wall. B
Hyalodisct bsol Sheshukova A o- - -+
Ikebea tenuis (Brun) Akiba A -+ 12
Koizumia adaroi (Azpeitia) Yanagisawa o e
Melosira sol (Ehr.) Kiitzing S -
Nitzschia challengeri Schrader A - - - 1
N. grunowii Hasle -1+ 1
N. heteropolica Schrader 0 B S | S
N. praereinholdii Schrader - - -
Paralia sulcata (Ehr.) Cleve 6| - +
Proboscis barboi (Brun) Jordan et Priddle A= 2
Pseudotriceratium punctatum (Ralfs) Simonsen ! - -
Rhizosolenia hebetata f. hiemalis Gran 4 - - - - -« - -2/1 - - - 41 <« - - q4- -« - 4-1 - - -
R. miocenica Schrader A - - -
R. styliformis Brightw. - -1 -
Rouxia californica Perag. 2+ + 1 -
Stellarima microtrias (Ehr.) Hasle et P.A.Sims A - -+ A+ -2
Stephanopyxis spp. A -+ 1 +
Thalassionema hirosakiensis (Kanaya) Schrader 219 6 3

T. nitzschioides (Grunow) Mereschkowsky 51|25 37 58 40|53 47 4
Thalassiosira brunii Akiba et Yanagisawa o
T. cf. brunii Akiba et Yanagisawa e et e
T. grunowii Akiba et Yanagisawa A2+ 1 1+ - - -
T. leptopus (Grunow) Hasle et G.A.Fryxell B e BT |

T. manifesta_Sheshukova 2 L ) [N [
T. nidulus Jousé I [ L L T T e
T. praenidulus Akiba 5 o e T
T. temperei (Brun) Akiba et Yanagisawa e e
T. yabei (Kanaya) Akiba et Yanagisawa e e 1 T T
T. sp. A e e I
Thalassiothrix longissima Cleve et Grunow N I B E i S S | I R R R . B
Triceratium condecorum Brightw. T T
Aulacoseira spp. S e 1 e L e
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Resting spore of Chaetoceros /1921

Preservation, G; good, M: mod P: poor. Abund: A: abund C: common, R: rare.
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Table A13 Occurrence chart of diatoms from the Kohama Formation in the stratigraphic section S19. Columnar section of the stratigraphic section

is presented in Fig. 32. Route of the stratigraphic section and locations of samples are shown in Figs. 26 and A9C, respectively.

S19
Kohama Formation

5D
5D1

NPD5C

5C3

5C2

SR nled I o T I R R N e - L S ] oot |2
N R D R R I e IS TE -8 T =7 oot 13
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2 |peLg= < T MR ] IR [N EE N = Ay i o . oe =
Rl [esg|= <[t T e . T[T T e » T T T " s T A T = T T os [@
S| |eeLg|= < T il IR R ' = ' [N, t =+ e [ b . | oe |+
54 1eLgl= < — 2 ]+ o+ [ R s ! o en \ . i et m - . , o oo =
3| |osLgl™ <"+ o e S R R ' R L= el + 4+ = o+ o Y B IO I
& |eeLgl®@ < < i R ' S [ I T T o ool [T
S| |sug= <" L e EEEEE] I S ol T bt e~ o s C Y S i
8| |rLeegl© <~ i I I O [ - —g C o . o |2
8| Joug® <"~ i Y Crt toe N il i tet C St oor @
'S szLel© <+ ~ + o= e R =) ' "+ e ' + + |+ F et o+ e I o \ os e
8| [vegl= <" ottt T[T T 2 " = [ Y [(E——— T T T Toc [©
G| |eeeg® <t @ il e I ot g oy N R SRR B oA S ol oor L
e welo <t e « L N L Pl o n ' + 0+ + —_ m ta = o — . oot |5
S TeLg|© <| ' @ A R A N ' - ' + w| At g —_— o + oot |2
A |oeLgl@ <T@ R U =R ' "t ' TIR) e g L o . Toot Iz
% o:.mGA_S o + = ot 4 __33_./ww ' + = ' + I+ ++4“4.U — + + + ' Zooﬁm
S | Lig© <t o N A e B [N EERS ' [ Pa—ae i L . 1ot =2
% OﬁhmGA‘TaJ — — ____+H49 — + — + ' + + [+ ++.+m '+ o ' 3OO~.nlv.
al | sig© <)t 2 ot e S =R ) [N ' IV P C—e - G — s oot |2
E| |preg@ <t i e R =R I [ R RN (- EE S ERY ) O
al [eg@ <" e - e TS a9 = » N ER —— = SR — — : Tl 2
a T1Lgl© <= o o N gl v v oo ' + = ' + o+ o+ —Q '+ + + + "1 oor |
@ | @ <t b R R B I A= — s+ K et g + o+ ce e gor e
al |org@ <t bl I A R R R R K C+mo + = + =+ =L oor |
2| |eoLgl® <™ il R ] N R [ +moaq [ — 5 |+ 1 oo1 1=
2| [soLgl@ <[ eft et R " T T " oK I = T T Too1 1=
S| [oLg|©@ <[t * R N S| o Y ' N tawg [ "o : 1 oot @
¥ |ooLgl® <" N e e I N ) C [ oot =
2| |soLgl@ <"~ At e =t I EE = = - T =[= T o — — ; Toor |7
3| |voce|= <" o R S R ' IS (BRI R Vo L . 1 os |
S |soLg|® <" - B = R R o= ' o+ = [ Co ' oot |+
| |eoLg|= <)t L I Y R [N [ Nt + A [ Coy . 1os |
jan} ﬁchmMA_l + — 4+ 4+ =+ e R - =) ' = ' ' 4| +++3ﬂ . P . _om./
F|A|corg= <7 B G I TUHF Y I R EE = [ E I e
28| zevg| ™~ <7 = o I R [ N ' [ K ) - P oot |2y
&&= <t T i o R O N ' [ R E ——acag [ I Toot |5
G113 oszg|©@ <[+ ¥ + D Al N R S ' + ' ' + ©o|—~ += g + o — | oot |2
2lalerzel© <[+ — ' I L L Corr e ' = ' + oo 1 EEa R — v — "1 oo1 |=
Q3| sLeg|© <[+ ' -t B I~ ' RS v + <[ THaoeg T T v Toor &
T LLeg|© < A R B A SR ' S e Ci—ng o T oot 1=
@& oLeg|© <™ = i o I e I RO - e o= oo R [ Co . I oo1 |2
Qle|sLeg= Q| T N0 e R EE IR A R e I Co ol oot lg
=& pLeg|© <7 L R IS ' = o e Cieg [ == oot |2

— 183 —



WEFHAMZEHE 2020 BT71& H3E

%14 BFEEs Y a2 82012k 5 FEINEOEE AR R ARIRKIEF B3I, L 7 ¥ 3 v ORLEXE 27 X1, L —
b=y TR SR, SOBMRHUE IS X 9D & A 1R

Table A14 Occurrence chart of diatoms from the Juogawa Formation in the stratigraphic section S20. Columnar section of the stratigraphic
section is presented in Fig. 33. Location and route map of the stratigraphic section are shown in Figs. 27 and Al1, respectively.
Locations of samples are shown in and Figs. A9D and A11.

Section S20

Formation Juogawa Formation

Diatom zones & subzones NPD4A NPD4Ba NPD4Bb NPD5A 5B
Diatom intervals 4A6 4A7 4Ba 4Bb
Sample number S20-
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Abundance
Actinocyclus ellipticus Grunow [
A. ingens f. ingens (Rattray) Whiting et Schrader 17 314 17 11|11 11 12
A. ingens f. nodus (Baldauf) Whiting et Schrader 6 2 7 4 7110 7 5 16 - - 2111 2 4 - -
A. ingens f. planus Whiting et Schrader - 1512 - - - - - - 22 - -3 - - - -1
A. octonarius Ehr. e
Actinoptychus senarius (Ehr.) Ehr. 32124511123 - -1+--+-1/-1 - -13 - 21
Adoneis pacifica G.W.Andrews et Rivera T e e et
Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell B e -
A. vetustissima (Pant.) P.A.Sims - - - - < -1 1 - -1 1

Cavitatus jouseanus (Sheshukova) D.M.Williams 4 1 4+ 3 [+ 1 - 41 + - - = - -4+ - < +H+ - - - < - - H - - -
C. lanceolatus Akiba et Hiramatsu e S
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Crucidenticula nicobarica (Grunow) Akiba et Yanagisawa | - -
C. paranicobarica var. paranicobarica Akiba et Yanagi. -2 11 -+
C. punctata (Schrader) Akiba et Yanagisawa B e
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Nitzschia challengeri Schrader - 2
N. heteropolica Schrader N e D T T
Paralia sulcata (Ehr.) Cleve 1
Rhizosolenia hebetata f. hiemalis Gran e L O D oL L
R. miocenica Schrader e T |
R. styliformis Brightw. - - -
Stellarima microtrias (Ehr.) Hasle et P.A.Sims 21 -1 1] - - - 4 - - - - -l - - - - - - -] 4 2
Stephanogonia hanzawae Kanaya - -1 - -
Stephanopyxis spp. 1 -5 -1{2
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Thalassionema cf. hirosakiensis (Kanaya) Schrader -
T. nitzschioides (Grunow) Mereschkowsky 23593
T. obtusa (Grunow) G.W.Andrews +

Thalassiosira leptopus (Grunow) Hasle et G.A.Fryxell I L e
Thalassiothrix longissima Cleve et Grunow T I ! L e
Trochosira spinosa Kitton e T e e ! !
Aulacoseira spp. R e
Total number of valves counted 50 50 50 50 50{50 50 50 50|50 50 50 50 50 50[50 50 50 50 50{50 50 50 50 50|50 50 50 50{50 50 50 50{ 50|50
Resting spore of Chaetoceros 8 8 612 7|1 61520(7 9 6 7 7 2{4 410 5 1|10 411 8 5[15 22219263823 78| 7| 1

Preservation, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare.
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Occurrence chart of diatoms from the Kushigata Formation in the stratigraphic section S21. Columnar section of the stratigraphic
section is presented in Fig. 34. Location of this stratigraphic section is shown in Fig. 27. Locations of samples are shown in Fig.
A9D. Detailed locations of the uppermost three samples (S21-23 to S21-25) are also shown in Fig. 36.

Table A15

Section

S21

Formation

Kushigata Formation

Diatom zone

Z
=
v}
vy
(@]

Diatom nterval
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Abundance
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> o|4107 [

Actinocyclus ellipticus Grunow

A. ingens f. ingens (Rattray) Whiting et Schrader

A. ingens f. planus Whiting et Schrader

A. sp. A

Actinoptychus senarius (Ehr.) Ehr.

Adoneis pacifica G.W.Andrews et Rivera

Azpeitia endoi (Kanaya) P.A.Sims et G.A Fryxell

A. nodulifera (A.W.F.Schmidt) G.A.Fryxell et P.A.Sims
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A. vetustissima (Pant.) P.A.Sims

Cavitatus jouseanus (Sheshukova) D.M.Williams
C. miocenicus (Schrader) Akiba et Yanagisawa
Cocconeis spp.

+ o= o=+

+

+ o+

+ =fw +

Coscinodiscus marginatus Ehr.

Crucidenticula punctata (Schrader) Akiba et Yanagisawa
Cymatosira loretziana Grunow

Delphineis surirella (Ehr.) G.W.Andrews

Denticulopsis crassa Yanagisawa et Akiba

w4

w4+

+ o=

(Closed copula)

Denticulopsis dimorpha var. dimorpha (Schrader) Simonsen
(Closed copula)

Denticulopsis hustedtii (Simonsen et Kanaya) Simonsen

D. hyalina (Schrader) Simonsen

+ -

(S

D. lauta (Bailey) Simonsen

D. praedimorpha var. minor Yanagisawa et Akiba
(Closed copula)

D. simonsenii Yanagisawa et Akiba

D. vulgaris (Okuno) Yanagisawa et Akiba
S-type girdle view of D. simonsenii group

Eucampia sp. A (= Hemiaulus polymorphus Grunow)

TR e

4o =

EN NN

0 N =

—+ =

|+

Goniothecium rogersii Ehr.
Grammatophora spp.

Hemidiscus cuneiformis G.G.Wall.
Hyalodiscus obsoletus Sheshukova
Ikebea tenuis (Brun) Akiba

o+

+ o+

+

+ o+ o+

+ o+

+ 4+ + + +

+ o+

+

— W

Koizumia adaroi (Azpeitia) Yanagisawa
Melosira sol (Ehr.) Kiitzing

Nitzschia challengeri Schrader
Nitzschia grunowii Hasle

N. heteropolica Schrader

N. rolandii Schrader emend. Koizumi
Odontella aurita (Lyngb.) J.A.Agardh
Paralia sulcata (Ehr.) Cleve
Plagiogramma staurophorum (Greg.) Heib.

Proboscia barboi (Brun) Jordan et Priddle
Pseudotriceratium punctatum (Ralfs) Simonsen
Pterotheca subulata Grunow

Rhabdonema japonicum Temp. et Brun

Rhi: ia heb, f. hiemalis Gran
R. miocenica Schrader

R. styliformis Brightw.

Rouxia californica Perag.

R. peragalli Brun et Hérib.

+ =

+ o+

+ o+

+ o+

Stellarima microtrias (Ehr.) Hasle et P.A.Sims
Stephanogonia hanzawae Kanaya
Stephanopyxis spp.

Thalassionema hirosakiensis (Kanaya) Schrader
T. nitzschioides (Grunow) Mereschkowsky

D= = F

+

+

B o+

+

+

T. cf. schraderi Akiba

Thalassiosira brunii Akiba et Yanagisawa
T. grunowii Akiba et Yanagisawa

T. leptopus (Grunow) Hasle et G.A Fryxell

+ o+

T. manifesta Sheshukova

T. minutissima Oreshkina

T. temperei (Brun) Akiba et Yanagisawa

T. cf. temperei (Brun) Akiba et Yanagisawa
T. spp.

Thalassiothrix longissima Cleve et Grunow
Aulacoseira spp.

Total number of valves counted

50

50 50 50

50 50 50

50

50 50 50

50 50 50 S

Resting spore of Chaetoceros

18

13

10 50 38

28

22

3

6]

710 7

724 27 -

Preservation, G; good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare. Ju.: Juogawa Formation
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Table A16 Occurrence chart of diatoms from the Takado Unit n in the stratigraphic section S19. Columnar section of the
stratigraphic section is presented in Fig. 32. Location of this stratigraphic section is shown in Fig. 26. Locations
of samples are shown in Fig. A9C.

Section S19

Unit Takado Unit
Diatom zone NPD6B
Diatom interval 6B1

79 80

Sample number S19-

533
534

Original sample number (JOB)

Preservation
Abundance

Actinocyclus ingens f. ingens (Rattray) Whiting et Schrader
A. ingens f. nodus (Baldauf) Whiting et Schrader -
A. ingens f. planus Whiting et Schrader 5

|7
==~

Actinoptychus senarius (Ehr.) Ehr. -

W —
+ &

Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell -

A. vetustissima (Pant.) P.A.Sims -

+ o

Cavitatus jouseanus (Sheshukova) D.M.Williams +
C. lanceolatus Akiba et Hiramatsu -

'
W 4+ =

Coscinodiscus marginatus Ehr. 1
Crucidenticula paranicobarica var. paranicobarica Akiba et Yanagisawa -

— ~3
e o+ = ]+ o Smeg| 4T |

Delphineis penelliptica G.W.Andrews -
D. surirella (Ehr.) G.W.Andrews - -
Denticulopsis hyalina (Schrader) Simonsen -

D. ichikawae Yanagisawa et Akiba 2
D. lauta (Bailey) Simonsen 2
D. praelauta Akiba et Koizumi 1

[US T,
B+ o+ o+

+

D. vulgaris (Okuno) Yanagisawa et Akiba -+

— 4+ oo+ +

Girdle view of D. lauta group - -

Grammatophora spp. -1
Hyalodiscus obsoletus Sheshukova 1 - - -
Ikebea tenuis (Brun) Akiba -
Nitzschia cf. porteri Frenguelli -
Paralia sulcata (Ehr.) Cleve 2
Rhizosolenia styliformis Brightw. -
Stellarima microtrias (Ehr.) Hasle et P.A.Sims 1
Stephanogonia hanzawae Kanaya -

W 4+
[
PN

' '
—_
=

1

Stephanopyxis spp. 8 9 10 12
Thalassionema hirosakiensis (Kanaya) Schrader - -+ -
T. nitzschioides (Grunow) Mereschkowsky 6
T. obtusa (Grunow) G.W.Andrews -
Thalassiosira minutissima Oreshkina -
T. sp. (matsushima) -
Aulacoseira spp. -
Total number of valves counted 30 50| 50 50
Resting spore of Chaetoceros 9 8 9 9
Preservation, P: poor. Abundance, R: rare.

O+ =+ 3
!
N
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Table A17 Occurrence chart of diatoms from the subunit 1 of the Kokaigahama Unit in the stratigraphic sections S22-1 and 22-2. Columnar

section of the stratigraphic section is presented in Fig. 37. Locations of samples are shown in Fig. A9D. Detailed locations of the
stratigraphic section S22-2 are also shown in Fig. 36.
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Section 822-1 S22-2

Formation or unit Ks Kokai Unit (Subunit 1) Kokaigat Unit (Subunit 1)
Diatom intervals 5D1 6B3 6B3

Sample number S22-| 01

=)
S5
=
r
b
3
=3
=)
IS
=
[

Original sample number (JOB)

5715
5726
5727
5729
5732
5731
5737

Preservation
Abundance

Actinocyclus ellipticus Grunow
A. ingens f. ingens (Rattray) Whiting et Schrader
A. ingens f. nodus (Baldauf) Whiting et Schrader -
A. ingens f. planus Whiting et Schrader -
A. spp. -
Actinoptychus senarius (Ehr.) Ehr. B
A. vulgaris Schum. -
Adoneis pacifica G.W.Andrews et Rivera B [
Arachnoidiscus spp. I e T B
teromphalus spp. I
Azpeitia endoi (Kanaya) P.A.Sims et G.A Fryxell - - - -
A. nodulifera (A.W F.Schmidt) G.A Fryxell et P.A.Sims - -+
A. vetustissima (Pant.) P.A.Sims B
Cavitatus jouseanus (Sheshukova) D.M.Williams - -+
C. I I Akiba et Hiramatsu - 1 -
C. linearis (Sheshukova) Akiba et Yanagisawa 1 - -
Cocconeis spp. B
Coscinodiscus lewisianus Grev. -

- . o~
+ +[n|

+ |0
© — |7

Ll 134 S E
1345
1346
5735
5736

L ok
+ =+ [0
-+ & =
— v+

ek
+ &+

wf=

— = = = [E|
IS
+

+ 4+ ]

P P L N et

— =]

I
+
w o+
+

<+
okt

=

[T N

C. marginatus Ehr. 1| 3
C. radiatus Ehr. 14 -
Cymatosira debyi Temp. et Brun 1 - -

+

+ +
¥
+
+
+

Delphineis angustata (Pant.) G.W.Andrews -
D. miocenica (Schrader) G.W.Andrews -
D. surirella (Ehr)) G.W.Andrews 4o
L lopsis hyalina (Schrader) 1 o+
1
1

+ =
+
+
+

D. ichikawae Yanagisawa ct Akiba B
D. lauta (Bailey) Simonsen -

-+
+ + =

D. praedimorpha var. praedimorpha Barron ex Akiba - - - - - - -

D. dimorpha var. dimorpha (Schrader) Simonsen 1 - - - - - - - - - - - - - -

D. praelauta Akiba et Koizumi - - - -+ -

D. simonsenii Yanagisawa et Akiba

D. vulgaris (Okuno) Yanagisawa et Akiba
Girdle view of D. lauta group A0+ - - A -

+ o+ |+
+

[SIN
+ + +|+

Girdle view of D. simonsenii group
Diploneis spp. - -+ - -| -
Euce ia sp. A (= Hemi polymorphus Grunow)
Goniothecium rogersii Ehr.

IS
+

==
w

+[+
+[+

(S

Grammatophora spp. A+ - - N
Hemidiscus cuneiformis G.G.Wall. -
Hyalodiscus obsoletus Sheshukova -+ - 1
Tkebea tenuis (Brun) Akiba - 1 - -+ o+
Kisseleviella carina Sheshukova o e X [
Koizumia akibae Yanagisawa Y
K. tatsunokuchiensis (Koizumi) Yanagisawa !
Mediaria magana Yanagisawa B I
M. splendida Sheshukova A - - - Ao- - - 1 - - -+
Melosira sol (Ehr.) Kiitzing A4+ - -+ -1+ T ! I

1

+

1

- = 4|+
+ o+l =+

Nitzschia challengeri Schrader [ I .
Nitzschia grunowii Hasle - - -+ - - - - - - N

N. pliocena (Brun) Merz Ao+ o+ 2 +

N. cf. reinholdii Kanaya ex Barron ct Balduf 1 - - 1 - - - T 1 - - -
N. rolandii Schrader emend. Koizumi It 1 - 4 o+ o+ o+
Odontella aurita (Lyngb.) J.A. Agardh e B
Paralia sulcata (Ehr.) Cleve s/ 1120 11 100 13 16 9 2l 30 23] 10 3 16
Proboscia alata (Bright.) Sundstom B R il - 4 - - - .
P. barboi (Brun) Jordan et Priddle - -+ 1 -+

e L ]

Pseudopodosira elegans Sheshukova e

T
N

Rhaphoneis amphiceros Ehr. e 1

R. angularis A N

Rhizosolenia miocenica Schrader 4o - 1

R styliformis Brightw. T - - -

R spp. 4o -

Rouxia californica Perag. A4+ 4+ 0+
Stellarima microtrias (Ehr.) Hasle et P.A.Sims - - - -

+ +

Stephanogonia hanzawae Kanaya -

Stephanopyxis spp. -l 6
T. nit i (Grunow) 34 7
T. schraderi Akiba -+
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T. sp. A (sakiboso) -
Thalassiosira grunowii Akiba et Yanagisawa -
T. leptopus (Grunow) Hasle et G.A.Fryxell -
T. manifesta Sheshukova B
T. marujamica Sheshukova B
T. nidulus Jousé - - -
T. singularis Sheshukova - -
T. temperei (Brun) Akiba et Yanagisawa - 1 -
T. spp. - -
Thalassiothrix longissima Cleve et Grunow -
Trochosira spinosa Kitton -
Genus et sp. indet -
Aulacoseira spp. B
Mesodyction japonicum Yanagisawa et H.Tanaka - 1
Total number of valves counted 50[ 50 50 50 50| 49 50 50 100) 100 100[ 50 50 50 50
Resting spore of Chaetoceros 10 2 13 29 4] 12 9 16 -| - -] 38 18 21 47
Preservation, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare. Ks: Kushigata Formation. m: megaclast of mudstone
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Table A18 Occurrence chart of diatoms from the subunit 2 of the Kokaigahama Unit in the stratigraphic section S23. Columnar section of

the stratigraphic section is presented in Fig. 38. Location of this stratigraphic section is shown in Fig. 27. Locations of samples
are shown in Fig. A9D.
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Section 823

Unit Kokaigahama Unit (Subunit 2)
Diatom zone NPD7A (Rouxia californica Zone)
Diatom interval TAl

Sample number S23-]
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A 5740|353

A o |5739|=

= |5738|5
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Original sample number (JOB)

Preservation
Abundance

o
o o |2204|

<
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Actinocyclus ellipticus Grunow
A. ingens f.ingens (Rattray) Whiting et Schrader
A. ingens f. nodus (Baldauf) Whiting et Schrader
A. spp.
Actinoptychus senarius (Ehr.) Ehr.
A. vulgaris Schum. - - - - - - _
Adoneis pacifica G.W.Andrews et Rivera - - - - -+ - - 1 - -
Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell - - -+ o+ 1 - - 1 +
A. cf. nodulifera (A.W.F.Schmidt) G.A Fryxell et P.A.Sims 1 - - - - - 1 - - 1
Cavitatus j (St »va) D.M.Williams - -+ -+ - - - - -
C. lanceolatus Akiba et Hiramatsu - - — - - - - - - - -
C. linearis (Sheshukova) Akiba et Y: i - - - - -
Cocconeis spp. - 1+ - -
Coscinodiscus lewisianus Grev. - - e - -]
C. marginatus Ehr. 4 2
C. radiatus Ehr. - - - - - - - - - 1 - 1 - -
Crucidenti paranicobarica var. i ica Akiba et Yanagi: - - -+ - - - - - - - - - -
Delphineis angustata (Pant.) G.W.Andrews - - - -+
D. surirella (Ehr.) G.W.Andrews - -
D. ichikawae Yanagisawa et Akiba - -
D. katayamae Maruyama - - - - - - - N
D. lauta (Bailey) Simonsen + - 1+ -+ 4+ H o+ o+ A5+
D. praedimorpha var. minor Yanagisawa et Akiba - -+ - - - -
D. praedimorpha var. praedimorpha Barron ex Akiba - - -
D. praelauta_Akiba et Koizumi - - - 1
D. simonsenii Yanagisawa et Akiba - - - H
D. tanimurae Yanagisawa et Akiba - - - H -
D. vulgaris (Okuno) Yanagisawa et Akiba - - -4
Girdle view of D. lauta group - -
G hora spp. - -
Hemidiscus cuneiformis G.G.Wall. -+ - - 1 -
Hyalodiscus obsoletus Sheshukova - - 1 +| -+
Tkebea tenuis (Brun) Akiba -+ - -