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¥4 Thalassiosira yabei (Kanaya) Akiba & Yanagisawa
(P28 um. i & L5 OIS Ab 7R A 5L, SO TBII68 = Sado258, NPDSC 4ff, EiR)II T ¢ 7 & 3 >)

PR R VE RS A B hoBr i L R O HEEE B R A S B U 72 FE (K A Thalassiosira yabei
(Kanaya) Akiba & Yanagisawa DIEARDGE TdH 5. AMEIZHEAREITFIROLMED—ANTH 285
KERfEA1Z & 5 C, 1959 4512 Coscinodiscus yabei Kanaya & U Catik &7z, AREOREUE, HEE&RO
FEIZEAF L2 R0 S0, KM, KRHIRME L >TnWEZEThb. TOHK%, KAHEIE 1986 4
IZ Thalassiosira JBIZFE &, #%EIHRH O HEALAT Thalassisira yabei 4 (NPDSC) DR £ fE & LT,
b I b W CEE A &S # R L T/

(BEL - 3 MIRSER - FHAEN)
Cover photograph

Thalassiosira yabei (Kanaya) Akiba & Yanagisawa (diatom)
(Diameter 28 pum. Pair of light photomicrographs in high and low focus.
Sample TBII68 = Sado258, NPD5C Zone, Shichibagawa II stratigraphic section)

The photograph shows a specimen of Thalassiosira yabei (Kanaya) Akiba & Yanagisawa from the diatomaceous
mudstone of the Miocene Nakayama Formation in Sado Island, Niigata Prefecture, central Japan. This diatom species
was described in 1959 as Coscinodiscus yabei by Dr. Tato Kanaya, one of the outstanding pioneers of marine diatom
biostratigraphic study. The species is characterized by its tangentially undulated valve face, with one side convex and
the other side concave. It was transferred to the genus Thalassiosira in 1986 and have played an important role in
diatom biostratigraphy as the nominate species for the late Miocene Thalassiosira yabei Zone (NPD5C).

(Photograph and Caption by Yukio Yanagisawa and Mahito Watanabe)
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Yukio Yanagisawa and Mahito Watanabe (2017) Revised lithostratigraphy of the Neogene sedimentary
sequence in the southern part of the Osado Mountain area, Sado Island, Niigata Prefecture, Japan. Bull.
Geol. Surv. Japan, vol. 68 (6), p. 259-285, 13 figs, 1 table.

Abstract: A revised lithostratigraphy has been proposed for the Neogene sedimentary sequence
distributed in the southern part of the Osado Mountains area, Sado Island. The Neogene sediments of this
area unconformably overlie the lower Miocene volcanic rocks, and are divided into seven formations in
ascending order: the Orito, Hanyugawa, Nakayama, Nozaka, Kawachi, Kaidate and Shichiba formations.
The Orito Formation is redefined in this report, consisting of fluvial sediments in its lower part and
muddy fine-grained sandstone of estuary environment in its upper part. The newly proposed Hanyugawa
Formation is conformably overlies the Orito Formation with a basal transgressive conglomerate bed and
consists of marine calcareous sandstone, gray marine mudstone and glauconite sandstone. The redefined
Nakayama Formation is composed of lower hard siliceous mudstone and upper diatomaceous mudstone
containing abundant well-preserved marine diatom fossils. The Nozaka Formation is proposed for
massive mudstone which overlies the Nakayama Formation with a glauconite bed.

Keywords: Neogene, Miocene, Pliocene, lithostratigraphy, marine sediment, Sado, Niigata, Japan
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' FEERAR AT B RERA £ Y & — WEIEIIZEEM (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation)
*Corresponding author: Y. Yanagisawa, Central 7, Higashi 1-1-1, Tsukuba, Ibaraki 305-8567, Japan, Email: y.yanagisawa @aist.go.jp
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Fig. 1
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ALBONEZRY GE6IXIK U TR . RN 13X DIRE T 7 7 O s Ai sk & 713§

Maps showing surveyed area in Sado Island, Niigata Prefecture. Distribution of Neogene and Pleistocene sedimentary rocks
with the Ogi Basalt (Miocene) is based on the Compilation Committee of the Geologic Map of Niigata Prefecture (2000). Maps
a and b are geographic maps around Hiranezaki and Nakayama Tunnel, respectively (Geographic maps “Kinpokusan” and
“Aikawa” (1:25,000 in scale) published by Geospatial Information Authority of Japan, respectively). A and B indicate locations of
stratigraphic sections A and B of the Orito and Hanyugawa formations shown in Figs. 6 and 7. Star marks indicate the areas where
widespread tephra beds shown in Fig. 13 are distributed.
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History of formation names of Neogene sediments in the Osado area, Sado Island. Niigata borehole stratigraphy is
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Fig. 5 Correlation of stratigraphic sections. Locations of
stratigraphic sections are shown in Figs. 1 and 3.
Tephra beds shown in roman, italic and bold types
were named by Sakamoto (1992), Kurokawa and
Tomita (1995) and Yanagisawa and Watanabe (2017),
respectively. Diatom zones: Akiba (1986), Yanagisawa
and Akiba (1998), Watanabe and Yanagisawa (2005).
Diatom biostratigraphy in this area is based on
Yanagisawa and Watanabe (2017).

FxHHb

g—ﬁ %V_ﬂl—ﬁi A V))\IIIE, HINE, BEEJIRE,
éa*:ll:m%' TFER, PE)E, Jilikg, BPRkE, mNkE,
HVEMVELE» k572 (4K). 20
56, AJE - MG - BB R K O At L e 3 i i
~HiHAR O A 4 P RRIEDO KIS - kAT
RO T, —IeERE % B Uk - 52, 19925
Prm R E X ET R R &M, 20000, —F, Zhikb b
D NG, 5 ESE E Tk, WROME - JeEE T e
TOHERE TN D 5 5.

DFTiE, THRRULOHES? S 5 sHEE5EL <
T 5. 2L, WARE, BVERCESREIZONT
i, KRR TIHIZEAEHEET>TOEVDT, AT
O A& FIC L THiHIZER 3 5 I 5.

51 TFE

o WwR(1950). ARFHCTHER

By V)R .

BFFEEFR Ao FEHE LS A RS 128 S

EE ARBBEORNEATA, S, LA ANERE

DUFHEMEORIEE TE PP EMERTS. &k, it

RO TFRE, KX D TRk EP NG HbE 7
Y5 5.

At AR THITICHEE» S D —ETREEWEE

Pede, —7, AFLESITAEERLOFE L 2R B %

F55.

SRR (55 1 XIA) TOBRRIE, KA - AV (1977)
DOHETIZM 725, 22T, & NEIEEEs, B
BEWHEETETHEM»5 55 (BeKA). MEEIZEX
1.5 m THI~ KR M A~ di T8> 5 2 5. EHD
PR R 2oy UHIDKIRD 75 2 S8 R PEBRIR T, A IESLO %
ENFE LW, AR LRI D 120cm FAIZE #9560 cm D
Crassostrea gravitesta (Yokoyama), Siratoria siratoriensis
(Otuka) ZE &LV 2 ) =Y a VRGNS (BT
A).

[Hrfl b > 2OVJERRE G 1IXIB) T, #& HiAVE<
HEFRIIBERTE 0D, T KDL TOEHESEE
N3 (FE6KB). M Pl iZ A RE MR B S % $2
DHRERAENR NS, O LM, WseEoh
Br ok 5ERIRET S, ZOBE VT QE T
~ MR ) XFET, B RMRRBEHBEMEITIRT -
THh, WELOHRHEREDEEETE S, 2o il
K € S g R O YR B AR AR ~ R b S s BT 5. A
WHESLAZE L L, B IR AR e 5. 72, 50
cm KOAY 7Y =Y aVyREERTHWS, KEDOR L
#iE, by aordeaowEiE O L (HE s & D Bim
) IZEI LT B (BB 7IB). TR B A~ AR 2
550, JEXH cm DIEFLD B MRS R o £
5. ENOF NG ORE A & U B EE AT (TR
THRIE) AR BE MM~ MR EIC RS h 5.

— 267 —



WEFHAM WS 2017 F 5 68% H6s

Legend Molluscan faunas
=] laminated diatomaceous mudstone @ Pectinid fauna
[ massive diatomaceous mudstone © Arcid-Potamid fauna
40+ E== bedded hard siliceous mudstone
thickness (m) [ soft massive light gray mudstone
muddy very fine- to medium-grained sandstone
massive fine to medium-grained sandstone
4 calcareous very coarse- to coarse-grained sandsone
. Stratotype of
b %s,| conglomerate H
G- glauconite sandstone anyug_awa
=3 felsic tuff Formation
35 =
. North X Nakayama
orthern entrance . . Formatlon
of old Nakayama Shiinoki-rindo
Tunnel R
%0 Hanyugawa
Fig. 7A~ Formation =
\ /Hanyugawa
_ . G / 4
Fig. 7B J : I puici— Formation
20 Fig. 8C = Fig. 8D =
Estuary
s oE— .
i b Orito
— = Formation
Hiranezaki
10+ o — s
Fluvial eeose e T
Y02000 _. [o° 050090 0)
1 TB- IIL\ e
SwW
(B

el TRRBEPZANBORIE 2P a VALBOMEILE 1K,
DONWTIE, 2 Y3 VAEBIREIRNIZ, v 3 vCE

IR Y. FELWEMHOFIIC
DIZFE XN ZNZFInT.

 E ‘/c, D, EDON&E

Fig. 6  Correlation of the Orito and Hanyugawa formations. Locations of sections A and B are shown in Fig.
1 and locations of sections C, D and E are shown in Fig. 3. Detailed lithology is shown in Fig. 7 for
sections A and B, and in Fig. 8 for sections C and D, respectively.
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Fig.7  Lithology of the Orito and Hanyugawa formations (1). Locations of sections A and B are shown in Fig. 1.
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Fig.8  Lithology of the Orito and Hanyugawa formations (2). Locations of sections C and D are shown in Fig. 3. See Fig. 8
of Yanagisawa and Watanabe (2017) for diatom samples and diatom zones of the Nakayama Formation in section D.
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khtadEEn2EmEe, —WHIbG Patinopecten kimurai
(Yokoyama) & Placopecten nomurai Masuda ¥ % 112 1%
BUTETIREIPET 5.

[HA L b > LR (35 1 XIB) ORI &z & 36 =4
N AFTEH LT3 (F6lX - H7XDB). ZZ T, M
AN, kGdes, WiaE X OCRE» 550,
BHLTWBRVEX I3 m BETHS. A (FX60
cm) [ZEEHBIR T, Eflem ITOHEEEZFEL, |
RIS > TRAED A U Tl B8 I3RS & 72 >
T3, BIIF v — MERZ W, THOTFREOJREM
Wb & BERERICIE, BN FE L, MRS b I
Tz I N 7AEN L Ao 5, BED EIZIZSIRD
RGeS (JE & 15 em) BEA D, & 5ICERARE (5
X 40 ecm) NS, RGO RBISFYBE BN IK @RS T, RO
K2 RELTHED, AYERLLRET L. ZTO LI
1~ HORL D KB T IK G KB D (JE & 65 em) AE
Ko TW5, FBIAOR EERIZIIH 1 m OWgikA kg 23 5%
T 5. WEIIRIKEOJRE T, Wbl 7238 L Ty
5. TEB50 cm IZEVETH 54, L850 cm IXHEE Tl
SEREL TS, Zhdkd BfiCid@iiias<, 22T
P AR & Lo d L T EROBE e & DRIRIZ

RTERWN,

M RHGE (BB3XC) TRONS P ANk, JE&
2-3 e DR & X 5060 cm DiFFRARED A5 5D,
Z O LA EHILE TS OB IS B EIEK > THh 50

T, ZZTIRPAENEEERORE XIEH 560 cm FE
Lok (GEelX - B8 DC). AR L SHE Sz
%13 cm OMER» 5 %D, TH.OTFEOIRE MR
BEES. WIRARIIR TE10-12 om TR DR
DFFFAPNREL T35, H EE TRk GRS DR
FIZHHROPBAIEL T A RETH 5.

PIZANF oA T H 2 'E5) T T (TB-1IL) & 2~
va VO FOZEEEIXD) T, P ARG
B ERBEOWIKETRE KO3 OWRAREE» 55D,
Z O A3l OBE TS A E L 5> T3 (F6lX -
B8O D). FEUHO IEHE AT E I, MR - 9852 (2017)
DHXSDIL— b vy TaBME N0, ZOBRFETO
PIZANEEARDOIEXIIN2 m Th 5. & PikOME R
(JZ &4 10 cm) 13HE AR AVE TR O Ko dhigs
50, MO NHREOJWEMEREEZ Y v — T 5RE
MTHES. HKEOJRH IR TRIL LTk
TAUIKE & 55> T T, RSO A I 5 ICHTET
3. 3@owARSHIKGOJFRETICHEST 5. v
LG MR EDRE Dk AR U, MR BRI T LA
W55, ik MIOWHRAEIIE E 10 cm THESREO
bizEEE S, 2FHOWRAERIEER 16 com T, 13
HoWika O L4710 cm OfgHeIHE 5. Ik LM OWE
fa g (L X#40 cm) TiX , FEB25 cm 13RS LT
BWETH D, E&E1S cm BB THEEN 1 cm KOM#E%
FIX5IHE. 2D EA730 cm KB DIKEIRETH D,
Z O RizilifE MBOBEYEE 2P EE 5> T 5.

PZAENSW) 22 > 3 v (H3XE) Tid, BINART
3H 55, THNOTNFREOIEMRRS %8> T, miF
1om EED & < M SN 7-MEE» 5 %5 5510 cm 2O
BEAIERIZ S 1, F O LSRR E O Wi g (4
L EBEX25 ecm P E) NEEL TWEOMNEETE
% (3B 6IXE).

BE 06-15mbl L.

b\ PRGBS  5 AIKERE O FRIE FELARE
2 5%, Patinopecten kimurai(Yokoyama) R Placopecten
nomurai Masuda 78 £ Pectinidae % Tk & % M D Fifg
AFECA A EEN T 2 ORFY - bk, 1977). 2, @
H1 (1965) @ Pectinid fauna IZAH4$ 5. ZDIEh, #EFR
YH (1) Ok UK - N, 1987), w=, w32, 7V
YV AROEPHEES S (AR, 1952 5 &K - K, 1977).
F 72, FMEA» 6%, e OEREAGAREIh TS
(K#%, 1977b 5 BPH, 1994 5 AJEMZE 2 L — 7 - el
RERBSHSHERD A/ — s #EE=E, 2013). /ML
PEHIRIC B 2 A MY DD 513, KA LD
Miogypsina kotoi Hanzawa, Operculina complanata japonica
Hanzawa?® B ) 4 % (f§l 21, Hanzawa, 1935 ; ¥t H,
1956 5 /IMEFEMRIFE 2 L — 7, 1977 5 INKRIHAREZE 2
L —7, 1986).

HBIRIE AREROBERO PRIy v —77T, —
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H MO TFRBOTEMEMAE S RBEIA TS, £z,
PP D K /INEERR Pectinidae 7% & DAV O Hik i %
G, ZOZEiE, TREBOMNBERE»SREEHFVE
o, PITANBOIEERBICRWISEN L 22 L Em
. DLEoZehs, ZOBESRITEAEIZES 7 7 WM
WThy, AR TIRITEEIC X 2EEIES TEK
N7z r AV M HEEEZONS.

BEA O BN OGIRERE I, FHEO RN % 78§ Pectinid
fauna & &dr. NEJE - B (1989) Ik L, 25 L7
BUHEBEE 340D 30 m LIV (SHE~NHIBE) D% %
R LA, ARKEWA LEEEROXEORE
AERLTWNS,

FIRBEWAE DA ARG 2 &E—BIZRsh, £<D
WrCIX, WEEE OW ISR AR U 2 25 HE
BLTWa, WROBEEENKCRE» D55 Z L,
F 7R T IR GIRE IS 3 O ARE A R E T
WA ZEn6, MHFAEORERBIEOREL, JEARNIZTR
BENHERET 2 R (MU ~ B RN LIE) Th -7z &
HeEEhsd, 205 BEEICENT, BEREEDR M
WREAEWEREIC & 2N T (ke &) offaic &
HHERMEH & D &, WRREERIC X 2 FEH O =
WIERH 2R E L, REIBICh 2> THRBMENH L /272
DICHERAIER L DEBbNS. HREE LT3,
PEIEE B OB D L VHEDEED NV 2D &S
BIGN R Eh 5.

FRX - B THOTFREBOHEFRNR(17.0-16.7 Ma) 7

5, KO TFHRREMRIZV16.7T Mafih e EZ bNS. —H,
KRED FRRAERIE, EioFlEOHEEAFENAL» 58
123 Mal 2 S5 DT, KEOHERFRIL16.7-12.3
Mak 7 % (SE 102 5 MR - 938, 2017). % ¥, P
AN FrE SRR O LA IS b h s,

5.3 B

kR (1950). AFW X THIESR

v G T R B

BFEf THOP_ANEEESITE Y, ENOBER
BlESICEDNRS.

TE AR TREEERSORE, 2 FHOM A
NgoMako FIREF 5. Ko LRIZT 7 Tk
WKA-5D L& 4 5.

Ko FROEHE LT, AR SIWT ol
W & DRI H BURkaREO THRAWL ERET 20
NEE LA, 2 OMEika R I3Ies I A 2 BT
ZORT, WHOREO TR BRI TRk T, BER
WFHHEEIC IR A3 720, FEBE, ZOWRAREIIEETH
2128 22b56 7, JEFICh2DIZL L, FuliEoEH
B LSFANRLIA1992) 3 EBHT, ThE TOMRT
Z O ABOEEICK D W RIEAEL K. TD7
W, ZOWHFRGRBOTREVL ERE & > TiiliE L

YiRE DI % BHRELZ 269 D DIF IR HE L v &y
Ehb, F7z, BEHRASEL, ZOWEROREOBER
BOIEA, WO AHE AL g & B oY
FESPIL TWB DT, B I\ T AR TIEifE % 35
THIXEEETH B, FHAL L 2B CIEmFIXIEE A
EXFITE &,

HWRERERIIEHBERIC L > TERTIONLE LA,
LS & BB OBEROLGAIL, AHERIC L 2 EEN
HLWOT, A TIE, FEMCHEECAETRICE S
THIEPIHMEIZRA TE S XS IZED . Thbb, H
g ER%Z, LW ONPDTAN & 7Baffitiy DIFAR
Z—ET 5 K512, wkaEhOT 7 7k WKA-5D |
MEEFRLZ, 77 5 WKA-51E, JEE 32 cm THEHAD
JeiE L2zl ~ R E OHRE N 7 A BT 7 I TH
% (WA, 1992 5 MR - #8538, 2017 DX 9SH).

A HEEREEZFLTIHN, KETFHTEY Y S
DR AE I & 0 B O HE TS (PE k01 FEiH
WeHhoTWab, KEFICHOGNS I ) BAOERIC
DT, BHBO K 5 ISR (massive), 55EERH (weakly
laminated), #£PH (laminated) D3 & 4 7 IZKH L CTadifk

L7=(B1R). FIOXTHEELAETFTER LKLY
VavERAELT, 1 D20HEAHRKELZEDTHS.
b, EHORIME L SHIZKD, N1 ~N6DF/
Mzt 3,

NUGHBER S ©, SRRJEE & BERJe s i 0 IR L
Mo BN, BEE LTINS S HEBET 5. N2 &
HEBIeS T, A & MRS OB L2 5 &
D, BRIEEIZIEEAEEE A0, N3IFEEEEES »
5, BURIES LS EMEE OB OB L AL L, bT
PIZIERIRSE A RET . ERLICES » THRIESE 21 S
By, HEBTRHEEAEDBINEE»S 85,

NAIZBERBED 2D 6 5 55, HEFHEEBE TN
ZETHIEOMMOEMHE ZEETH 5. HEOGHE
ALK, AEAHEES RO L KEI E 5 5
(WIR - Y558, 2017). BHEICH I A HEATTOETL,
BRI (X ) —76@) Tl HKGERTS. 77,
Hegsidibtm ik 7oy 2i28lh 5 0icxt
L, NaOJFIFE L Tl < 4 aaRicBlhs 2
ETXBIE NS, NAOHEIZIE, JE X2 cm ORIk
OWEREAPAES S, Z oMb EIREkSA &<, FH
LD LRNS.

NSIITHUHEHREBE L & D, BRRIRE & 5 5ERTR S 234
DS H, —EBTITEIIEE D RKET 5. L ONG
RO HEEISE DA Sk 5.

VU A OMRAERIZ KD, ZhEDOREIEARE T
TIRMEJE L 5> TS, RRIERIIEHIEE E
FEHEIZ T ATV B (S . B ALfloH L (NK) b > %
Lt g T, NPD5Dir D HFfEYE (910 Ma) £ T
NHERE & E->Th D, PILEDO TS5 (EE 150 m)
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[ laminated diatomaceous mudstone

[ weakly laminated diatomaceous mudstone
[1 massive diatomaceous mudstone

Il hard siliceous mudstone

[ massive slightly diatomaceous mudstone
B8 massive mudstone (not diatomaceous)

]
sandy mudstone g ®»
GEEE glauconite sandstone E 0=>
[ fine to very fine-grained sandstone o T 8
medium-grained sandstone 'g = % £
ooy conglomerate 8 o 2 ]
- tephra bed @ Arcid-Potamid fauna £ Bl 2| ®
s |E|B
= Composite section 8
8155 | 5 feom a NPD
S| SE |2 oo sandy mudstone
335 |8(™ 2|2
£ X LD @ ‘ H
= |
§e] T
© '
£ T ) 7Bb|7Bb
5 | massive mudstone
L (slightly
®© diatomaceous) (5.4)
- 400 % l«D77.5
N == |4 D77 (5.6)
o WKA-1 :
z WKA2 T 7Ba|7Ba
WKA-3 | i
s glauconite bed D75 (6.5)
- i 7A2
massive e 073 (6.8) ard
N6 Wiw-2 diatomaceous 7A
Wiw-1 3—— mudstone 7A1
i Wsz
| § Wsd  +—— |« D70 (7.7)
W = 6B3
wox | l« D68 (7.9) ——
Wka F—o
Wwkb T
Wom  ——— massive & 6B2
N5 sk~ 24— weakly laminated 6B
Wika-251—- diatomaceous
md/ mudstone [« D66 (8.5) —
™ 300 Wif == 6B1
Wpk
Whq :E D65 (8.7)
wh =
— 6A | A
|4D60 (9.3) )
|| laD59 (9.4) g—g
assive mudstone [« D58 (9.5) FEH5 T
[ ot diatomaceous y«D57 59-‘3? 502} 5D
- | o Wip lauconite bed 5D1
|« D56
S (10.0)
2
ww ]
g ==
S L 5C3
[T N3 WEQZ, E=—] massive & )
© Tea1 4 weakly laminated
= - diatomaceous
S Z = mudstone 0ses
200 | > g (10.2)
[
g -
- S
b4 = —
al O
| TBA-0'
o
= 5C
TBA-1"
B TBA-2 5C2
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laminated &
N2 TBA-3' weakly laminated
o diatomaceous
= | 1BA4 mudstone
@ | 1BAS
TBA-6
TBA-7
TBA-8
- 100 TBA-9
laD552  ——
TBA-10 (11.2) 50+
| |« D55
(11.4 Ma)
c —
£ =
g N1 massive & 5B3| 5B
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[ diatomaceous
g z mudstone
© "
o
=)
>
S = | — hard mudstone
I 2 glauconite bed s | 9
Orito G muddy fine : :
Fm sandstone
Lom ) [F23%%5%%] conglomerate

X

Fig. 9

JEre (R - 152)

PHEIAETEHED NS, ZHIZHLT, mEEDF_
ENSW) 227 > 3 VT, U H OfKiE NPDSBHFD
FRE (9123 Ma) ETL2EATE ST, RS & -
TOWBDERBR N (BRIEIRATE10m DT) DA
Th5b.

BE 230-320m. dtHDEr L 3 VIFEREBEESK).
B & H B RS L OB ofisERIEIED v s v g
VIFE FREHISEL TR D, dLfllT & D IE < Hikg A4k
L, KoEPE R L EERT.

ta ABOHBELERAD & X RED R WA HED
LT S (RMRIE 2, 19775 BB, 1977 5 VE81E »,
1977 5 Fk3E, 1987 5 WRJEIZ A, 1987 5 @iEIE A, 1987 ;
Y834, 1987 ; MIRIZ A, 2009 5 MIGR - 4§34, 2017). 7=
72 UV Y Tl e i F O RS SR EE SR TA IR L T B
AflHbATIE, FEALIEAIRIEE A CEET, K
AHLRCEDOANBERT 2 (HHIE2, 1983, 1987).
ZDEN, KR S 3AekHLA (LB, 1978) RUEEE
HiFE (Uchio, 1974) N5 ¥ T 5.

HERRIRIE  FEUERE SR 3O PR O VRl MR 23 (8 o 9 B 28,
WEAEMY &N, WifsliZ £\ Thalassionema | & %
W (BIR - 93, 2017). BIR(1996) O FEFE G RIS
KL, T U - BEHE I S B M~ R i (A
ZAREENT. BERALETIE, KETHEIEIES)
T, Martinottiella communis, Cyclammina spp. 2MEET
Spirosigmoiliella compressa %5 TENEA L, Kk Lk

Bl O EHEOM S, HRKE &R s v 2 v ERE
LT L7, FWEREREY 2 Y a v ORIRKI OB
FSRNTRY. 77 IRE, v—~ RRBIRA (1992), A4

£y 2 RN - EH(1995), K= FRMPHIR - %
BN ICk>TEhTh@mt S hi HE oW L HE
A R UE X Akiba (1986), Yanagisawa and Akiba (1998) & U*
Watanabe and Yanagisawa (2005) 12 & 5. AKHUSOH (LA
FEF SR - P (2017) 12k 3. NK = il b v 3L 2

Ya VSN RMEY s Y 2 VI WKEEE Y Y 3 v

TB-1: BB T 222 a V5 TBIL :BIHINT Tt a

VSTBABIIIM Yo > g v SWB AN s v g v,
Subdivision of the Nakayama Formation. Columnar section is
composed of each stratigraphic section shown in Fig. 5. Tephra
beds shown in roman, italic and bold types were named by
Sakamoto (1992), Kurokawa and Tomita (1995) and Yanagisawa
and Watanabe (2017), respectively. Diatom zones: Akiba (1986),
Yanagisawa and Akiba (1998), Watanabe and Yanagisawa (2005).
Diatom biostratigraphy in this area is based on Yanagisawa
and Watanabe (2017). NK: Nakayama Tunnel section; SN:
Shiinoki-rindo Road section; WK: Wakamiya section; TB-I:
Shichibagawa I section; TB-IIL: Shichibagawa Il lower section;
TB-III: Shichibagawa Il section; SW: Hanyugawa section.
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B (HEEEIRE) 2 513 M. commuinis DA 6 75 5 B 7%
HESBRI 205 (AFHFIEH, 1983,1987). Th b O
#£1Z, BAINES (1989) DA FLEIZHD < dkEE
BIZk s &, HipWEs FTRORE 2 RET 5. Dk
26, AREBOUHERGEE L LT, PEMRHR O RS 2
e b, PA(1992) A 1ijima and Tada (1990) R &
(1989) O H ARUFHE O M PR - MR He DTk L
T3 &1, lFHERIR O IEE S PERS 5 OftE
YIOFTADEBED 5D S HEN 20 a DNy 2T, B
MIAHER DR DBRBIC S > 728 DL b 5.

4 - R HEMART T, ABEIINPDSB 2 5
NPD7AM D720, HERGEE 2 5 2 OHERFRIE

123-6.5 Mak B N5 (10X 5 PR - ¥, 2017).
72, M I h=SEHOEMRIE, N1 1212.3-11.4 Ma,
N2 1311.4-104 Ma, N3 (310.4-9.9 Ma, N4 139.9-9.4 Ma,

N5 139.4-7.4 Ma, N6 137465 MakHEE S 3. KJF
IEHRHIRY U O TEFAR b e h 5.

5. 4 FHiRE

wE R HAME S OB 4 048 (HARE
4y, 2000) T, WIS T 24103, E ek
FHATS5 D1 £721327 5 T40 1 MERICHHGE < h
TV AHIB R EHARMIE (L - W)l 5 E) &> Tt s
22 EEHALTS. JEEhTWEY, WERIZEX A
TV A ERHHEDMY (%A R ERMWEO AR T
NCHAFOHEES & UTHA S TN T, di)aths s
BWDT, 22T, HAHOBEHENS500 miZfiiEdT 5
PTIREE E3RDICb mAT, HREET5

XM EETTRIBOWMNEEIE P 5 O F HAE S st ihi
AOEBIRNVOREETETS. AEWK) s 3V
D FEWNR - ¥, 2017 OfFXKI3) & dili b v R
(NK) ¥ 2 ¥ 3 v O FE MR - 1832, 2017 DfFX1) %
ZH. BPUE O T RREHE O FHHFEIR ISR - 732 (2017)
DfFX 9 £H]

BFEEFE FhohmliEicgesIicEL S, EompkE
IZARESIZEDN .

EHx ARTRIEBREREHOT 7 7 FWKA-5D L
E55. Mo ki, KEOTRIE, HEATD
NPD7A 4t & NPD7Ba fiidy DRI —3d 5 L H ICEHK
hTws, LR B omARE L ORRATERT 5.
EH BREREEOJS,» S LS. HELORELED
D, EAEZRLBIZ AR TSR  HEEEE & 1EEN
B, AT, LG O TS 2 HT T TERRIKE
V=T @) ER2TE0IC L, BREBORSIZRLLHS
WIHKEE RS 5. 72720, dliEoigE» o BiikEo
TEENOEHZEEHRN T, WilEOBERMNETIE,
JEDEMIEEI L, WikakEs 2 i, mkEo X
FEZIFEEL <, &<, L L 2B TR OV
DREFNT AL TE AW,

EBE #XHAETH70 m.

b\ HEHE A @RIEH, 19775 EHIED, 1977 5 Fk
1987 5 HEIEA, 1987 5 HREIE A, 1987 5 WINR - V%
W, 2017), FEEMEEME (Uchio, 1974), fERMLA (1LLEFH:,
1978), KO fLEBAbA (EHH1E A, 1983, 1987) s EPET 5.
HRBIRE HEENE T TMORILEIZIRT, HE
@ Paralia sulcata, Actinoptychus senarius 7388fl1L, g
Wb g0 ShRAKAERE ML T3, &
7o, IEICHIR L THEEOEREES R LTS, —
¥, EAAfLEEEHEIZIZ & A E Martinottiella commuinis
DA G, Miliammina sp.% ¥ 5 WLJH 2 FEEE 3 E Y
55 (AHEA, 1983, 1987). Zh 6 OEAHFLEREE
&, BAINEA (1989) DA AT FLHIZ IS < HARHEIHIE
2k B &, FiliEEFR UL RGO &R
45, Librs, WIREOHEREREE LTiE, HilikE
EEREIIFAREE T, HCSMEDNNY 20X S BIGIH
HMEIN200, HEOGHENMHAD L, BEERRK
AREEAEHES ML TWB Z en 5, dlifge i38ix
D, PENEYMIORA DL E % b 5P T 5 &5 5B

(p.275—)

FI0X KPETEHIE O H 8 = R M OV U R HERCE JH D 4ER
JEFF. MR SR AEAURUE 1 Gradstein ef al. (2012)
12, H b X 43 idAkiba (1986), Yanagisawa
and Akiba (1998) } U* Watanabe and Yanagisawa (2005)
12, FRECHRAL A X 43 13 Kamikuri e al. (2004,
2007) & 1" Sanfilippo and Nigrini (1998) {2, {##i=E
FALEH X o3/ - 5 (1999) K& O/IN i %
72 (2004) 12, fEBHMEAW X 53E Yamanoi (1989) (2,
AIKE F 7 AL IX 53 iE Okada and Bukry (1980)
12, BIKE S a4 BRI A (1999) KU
Sato et al. (2009) 2, VFEEMEA FLERIL AT X 531
Blow (1969), K% (1978) & UF = #i 1% £ (2004) I,
A A LRI X 531 Matsunaga (1963) X USRS
(1987) 12 &S <. FrisIRyiH a1, Bk b
BRIRETRA S (2000) KO LREE A 2011) 12X 5.

Fig. 10  Chronology of the Neogene and Quaternary sedimentary
sequence distributed in the Osado Mountain area, Sado
Island. Geomagnetic polarity time scale: Gradstein et
al. (2012); Diatom zones: Akiba (1986), Yanagisawa
and Akiba (1998), Watanabe and Yanagisawa (2005);
Radiolarian zones: Kamikuri ef al. (2004, 2007),
Sanfilippo and Nigrini (1998); Dinoflagellate zones:
Obuse and Kurita (1999), Obuse et al. (2004); Pollen
zones: Yamanoi (1989); Nannofossil zones: Okada
and Bukry (1980); Nannofossil biohorizones: Sato
et al. (1999, 2009); Planktonic foraminiferal zones:
Blow (1969), Maiya (1978), Miwa et al. (2004);
Benthic foraminiferal zones: Matsunaga (1963), Maiya
(1987). Niigata borehole stratigraphy is based on the
Compilation Committee of the Geologic Map of Niigata
Prefecture (2000) and Kudo et al. (2011).
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(1986) , Yanagisawa and Akiba (1998) & U*Watanabe and Yanagisawa (2005) 12, VFEEEMEA LRI H X 703K A (1978)
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Fig. 11

Correlation of the Neogene and Quaternary sedimentary sequences in Sado Island. Geomagnetic polarity time scale:

Gradstein et al. (2012); Diatom zones: Akiba (1986), Yanagisawa and Akiba (1998), Watanabe and Yanagisawa (2005);
Planktonic foraminiferal zones: Maiya (1978), Miwa et al. (2004). Niigata borehole stratigraphy is based on the
Compilation Committee of the Geologic Map of Niigata Prefecture (2000) and Kudo e al. (2011).
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Yukio Yanagisawa and Mahito Watanabe (2017) Marine diatom biostratigraphy of the Neogene sequence
in the southern part of the Osado Mountain area, Sado Island, Niigata Prefecture, Japan. Bull. Geol. Surv.
Japan, vol. 68 (6), p. 287-339, 15 figs, 21 appendices, 2 plates.

Abstract: Marine diatom biostratigraphy has been established for the Neogene sedimentary sequence
distributed in the southern Osado Mountains area, Sado Island, Niigata Prefecture, Japan. The Neogene
and Pleistocene sediments in this area are composed of the Orito, Hanyugawa, Nakayama, Nozaka,
Kawachi, Kaidate and Shichiba formations in ascending order. This study examined diatoms in the
Nakayama and Nozaka formations. The Nakayama Formation is composed of lower hard siliceous
mudstone and upper diatomaceous mudstone, and correlated to the diatom zones NPD5B to NPD6A,
ranging in age from 12.3 to 6.5 Ma. The Nozaka Formation overlies the Nakayama Formation with a
glauconite bed and consists of marine massive mudstone. This formation is assigned to the subzones
NPD7Ba and 7Bb, and its depositional age is estimated from 6.5 to 4.2 Ma. The age of the Orito
Formation is determined to be latest Early Miocene between 17.0 and 16.7 Ma on the basis of the
occurrence of the widespread Arcid-Potamid-type molluscan assemblage. The depositional age of the
Hanyugawa Formation is dated by the ages of underlying Orito and overlying Nakayama formations to be
early Middle Miocene ranging from 16.7 to 12.3 Ma, suggesting a long slow depositional time interval of
over 4 million years.

Keywords: diatom, marine, biostratigraphy, Neogene, Miocene, Pliocene, Nakayama, Nozaka, Sado,

Niigata, Japan

®F

T VA% K2 D K e Y MR 50 4 2 o3 A % sl — R
ﬁ%ﬁ@&&&E%%%%jbt.g@ﬂ%@ﬁ%;%
&UﬁﬁﬁgﬁﬁﬁﬁuTﬁih,Tﬁ%ﬂxzyMQ
il - BPIRRE - WINE - B @R OVEGE» S 5 5.
20 B, K cidhilRE & e O ELh & G
L7z, Wil Mgy, LIAEREERE» S
0, HEAAT O NPDSBH A 5 NPD6AM 2R b &,
FERIF123-6.5 Mak HEE M 5. BPIRIE 3 en e %
TTUTHILEEBAICEY, SREE» S 55, KR
Hid A o NPD7Ballid2* 5 NPD7BbHAFIZ X & 4,
HEREFARIT 6,542 Mal FLE & 5. JAL 40T % Arcid-
Potamid HFAMEDER L 5, TREOFMRIZ17.0-16.7
Ma OFEREXBOHIZd 3 Lz s hs. FREROH
W DER2 S, P AENNRE OHERERIZ16.7-12.3 Ma
EHEE &, P AN RE O R 3 iRk 400 T 4RLL L
LORMANREL, ZOMHBITHRBEIERL TWEZ L
ENT.

1. IUBHIC

VEVERS (55 11X1) D KVEWE L3 (HbI) R8I 0 A4 % o
P L OB A [ RIBEEE L & LT 25
Pl T &= (A, B, 1942). LaL, Wil
DHFACAIZBE T 2L REF A SR IG E > 72D,
PRI A2 7 0 — 7 (1973) 23 IR R 2o BFZ2 R R % 56
FZL7Z1970FRLUETH 5. 2 D%, 1977F 1
WIEEMI el B 7 RIS h, 7 2Bk X h kAR
1E2(1977), EBAI1977) R OUEDIEH» (1977) 12k 5T
16 TARE ) AT A vz, BkiE A (1977)
13384 Denticula JBOMEREIZHD W THB QLA X2
AHRELZORBALRLZ. £7-, EBJI1977) 133k
WMkl % & Tl B OFEE LA REE O SRR & 1
EMT L7z —J, VELEHD (1977)1%, HiliE % &die
BEROAERZRR, SREXUCHEBECLO STV,
HEAOHEL 3 DO/OWIZX S Lz, Z0EH», [H
CHE, ¥ - /K (1978) 1F, AMETED BRI 544
% LM Y R O LA R £ PR L T b, Ll

' FEERAR AT B RERA £ Y & — WEIEIIZEEM (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation)

*Corresponding author: Y. Yanagisawa, Central 7, Higashi 1-1-1, Tsukuba, Ibaraki 305-8567, Japan, Email: y.yanagisawa @aist.go.jp

— 287 —



WEFHAM WS 2017 F 5 68% H6s

-38°20'N 138°\20‘E

|| Neogene & Pleistocene
sedimentary rocks

[» 4 Ogi Basalt (Miocene)

Sado Island

38°10'N
9
’s\(‘
&
Hiranezaki oo
Q 1;
9
MK |
Aikawa } Kuninaka
Plain

-38°N

37°50'N -

Ogi Peninsula Ogi

138°30'E

130°E 135°E

140°E,,°

A
9
=z

Japlan Sea

: Oki-Dogo

: Kanazawa, lozen
: Yatsuo

Himi

Suzu

Sado

Kamo

: Tainai

Oga

LoNoaRwWN

35°N

Pacific Ocean
|

137°E 138°E 13'9"EJ
Sado Island
-38°N ‘ |
Japan Sea
Noto
Peninsula

Niigata Pref.

0 km 40

—

1 PEVERBIZF50) 2 A IR ORI, B 58 =R R OV HE R & /AR S S (b i) o0 23 A 1308 IR B IXT R T
ZE2(2000) 124D <. 1-91358 15X THEES % vt I D ipfaects g O S5 § 5 ik & v 3.
Fig.1 = Map showing surveyed area in Sado Island, Niigata Prefecture. Distribution of Neogene and Pleistocene sedimentary rocks with

the Ogi Basalt (Miocene) is based on the Compilation Committee of the Geologic Map of Niigata Prefecture (2000). Numbers 1-9
indicate the location of areas where Miocene glauconite beds are recognized (Fig. 15).
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Fig.4  Correlation between the stratigraphic sections studied.
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Tephra beds shown in roman, italic and bold types were
named by Sakamoto (1992), Kurokawa and Tomita
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(1986), Yanagisawa and Akiba (1998), Watanabe and
Yanagisawa (2005). Diatom biostratigraphy in this area
is based on this study.

Btem WAL CTHERE 2T 55 (Wb 5 K H FE)
M5, WEHORE A RELL TOH L 2248, HEbaix
M S h -7z,

SMOMER, HEAH & LT NPD5CH A 5 NPD6B
W, AEREUEL LT D558 5D65 £ TR b B
RS & BT OBIR (V) 1 ORRAER OB R) 13
ZDX T3 Y TIENPDSCHDOH Bz 5.

4.3 BEEWK EY>a>
HHHEEMEATORE IS > 2y ¥ a VT,
HRIE A (1987) BEEE(LARBIFOMET 21T 72— 1 T
»5EIN). ZOvs v 3 viddilikg (N3 ~ N6) & B
WhE T EE e, AORHIA T 1291834 L 72, Z3#r DS
R, HEAw & LCiE NPDSCH 2 5 NPD7Bbar, “E
JEHEIL D56 2* 5 D77 £ THRRY Hh 7z,

il L WIREOER TH %5 7 7 7k WKA-5D L
13512 » 5 NPD7A% & NPD7Balidf DB R 12, Rouxia
californica D ¥%7E N (D75, 6.5 Ma) TEFE I N T3 B,
AFEI AL R ERE CRE B MRS, O fg eI
RENHELONEAN SV, ZOREEE2TIRT 5 Hike
LT, FIRREILHUE Azpeitia komurae DIERE N, JEUE (Akiba,
1987) & Thalassiosira castanea M %)) EE H, & Y¥E (Akiba and
Yanagisawa, 1998) IR Iz, HFEWK) L r v a v
IBWT g, AU D75IE R californica DE PMMEL,
F&é*%ﬂﬁﬁféétb T ORENHEL o 7228,
A. komurae DFEFEM L T castanea DHFEHEHEE T,
ZONBEEMEETSHI ENTER. ZDIEH, Cavitatus
jouseanus, C. miocenica, C. linealis @%aﬁﬂj ThbH

Cavitatus JEDFPE N REYE @ A JGHE D75 1IXIT L Tk
D, EREHE D75 OFREITED.
Y FEofERIEPEIED (1987) EIFIE—KT 55, —

BIZmECY S 5. PEIEA (1987) T, #E (WK)
Y7 v a YO TERORB (WKk-229) » & Denticulopsis
praedimorpha HPEEH L, Z OiREHE NPD5SBiF IZHLiE D
Foh s, ZOEME, RiCTIEME AFkE (SN)
s Y a yO—EICHY L (FX2), dIEIEA (1987) D
ABIWK-2291%, A X O ROBSN-11Ei2 572 5. K
RO RICED &, ZORUEIT NPDSBH Tid % <,
NPD5CHi D & GE &h 5 (B6lX). Z o
DK E LTIE, 2O0BEELEZ NS, 1213,
Wk-229 12 i J@#ED & D. praedimorpha D FFHERER D
FNTOAREETHS. €5 1213, SN-11 25T
% Denticulopsis crassa O closed copula 23D. praedimorpha®
closed copula& #RFl SN CHE S N F[HEMTH 5. D.
crassa % Yanagisawa and Akiba (1990) 12 & » TAC# X i 7=
T, thIsiEA (1987) B £ AT 5 72 1980 AR
FEEA N T Ah 572, WFED closed copula 1 & <
WTEH (X1 Dfig. 5 &fig. 18), D. crassa bk S
TWE» 57240, ZN%E D. praedimorpha & [Rl7E L T

— 293 —



NK

r 250

Kawachi
- Formation |-

WEFHAM WS 2017 F 5 68% H6s

e

—200

Nozaka Formation

- 150

Nakayama Formation

©
Nakayama S ®
|5 c
Tunnel 5 5 S
> 2 N 8
2 Q2 2 = Q
5 55 5 g
8 E < S5 | @ | N
2 £ 3 2= | ¢ |E
15 o 9 ) < o
~ L L £ -
Q 3 = o =3 [ (©
T & 8T o Le |5
samples L2 g g. % E © - a
= § S8 3§ 2
-5 582 a NPD
< o 8
8 ) 3%
< 2 3 ?
S 9 N :
5] % =
) N 0 .= ..
© ©
£ =
: g [ g |
Rl =
17]
L 9 )
©
— 25 ®
L N }
,,,,,,,,,, l« B (4.8)
B o j
L LE) | 7Bb [7Bb
o}
3
SR J >
B REE— ) A(5.2)
- + @
= o & | '
2 2
S s g l« D77 (5.6)
£ & =
g 3 8 ¢
5 %3 §
S g 3 _5 7Ba (7Ba
3 > ®© © =
S ® =
2 Sk 5§ 3
a2 ® [« D75 (6.5)
— 15 ‘ b & £ ‘ 7A2
\ z.3
z D73 (6.8)
IS
NN
- ) S 7A
10 2 7A1
8
L
=
) | 3 D70 (7.7)
’ Peak event of
— 05 = Nitzschia rolandii 6B3
| (symmetric)
[l i ,,,,,,,,,,,,,,,,,,,,,, D68 (7.9)
01
B 6B2
L 6B
i 0 20%
Abundance
D66 (8.5)
6B1
D65 (8.7)
[ diatomaceous mudstone
Il hard mudstone
[ 1 massive slightly diatomaceous mudstone 6A
=1 sandy mudstone
-—— tephra bed
D60 (9.3)
5D

B: LO of Thalassiosira jacksonii (plicated) (4.8 Ma
A: FO of Thalassiosira jacksonii

plicated

5.2 Ma

}

— 294 —

S

Bl b 2L (NK) £ 2 23 Vick
B HLE - BRI K& OV g D B
ELEREE. hlkE ok T 8O
B Oy O IRIXIE AN, 7
BORMRAE X 1S, HEhA
ST EIE AR ISR, HEEAL
£ & B R R MR 13 Akiba (1986),
Yanagisawa and Akiba (1998) K& O
Watanabe and Yanagisawa (2005) I &
3. HERMIIAHECLS.

Fig. 5

Diatom biostratigraphy of the
Nakayama, Nozaka and Kawachi
formations of the Nakayama Tunnel
(NK) section. Interval of hard mudstone
of the lowest part of the Nakayama
Formation is omitted. Sample locations
and the occurrence of diatoms in this
section are shown in Fig. Al and Table
Al, respectively. Diatom zones: Akiba
(1986), Yanagisawa and Akiba (1998),
Watanabe and Yanagisawa (2005).
Diatom interval: this study.
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Fig. 6  Diatom biostratigraphy of the Nakayama Formation of the Shiinoki-rindo Road (SN) section, including
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the data of Yanagisawa et al. (2009). Sample locations, detailed columnar sections and the occurrence
of diatoms in this section are shown in Fig. A2, Fig. A8 and Table A2, respectively. Tephra beds shown
in roman, italic and bold types were named by Sakamoto (1992), Kurokawa and Tomita (1995) and
this study, respectively. Diatom zones: Akiba (1986), Yanagisawa and Akiba (1998), Watanabe and
Yanagisawa (2005). Diatom interval: this study.
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Diatom biostratigraphy of the Nakayama and Nozaka formations of the Wakamiya (WK) section. Sample locations, detailed
columnar sections and the occurrence of diatoms in this section are shown in Fig. A3, Fig. A9 and Table A3, respectively. Tephra
beds shown in roman, italic and bold types were named by Sakamoto (1992), Kurokawa and Tomita (1995) and this study,
respectively. Diatom zones: Akiba (1986), Yanagisawa and Akiba (1998), Watanabe and Yanagisawa (2005). Diatom interval: this
study.
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Diatom biostratigraphy of the Nakayama Formation of the Shichibagawa I, Il (lower) and IIl (TB-I, TB-IIL and TB-III) composite
section. Sample locations are shown in Fig. A4 (TB-I) and Fig. A5 (TB-IIL, TB-III). Detailed columnar sections are shown in Fig.
A10 (TB-IIL) and Fig. A11 (TB-I, TB-III). The occurrences of diatoms are shown in Tables A4 (TB-I), A6 (TB-IIL) and A5 (TB-
I). Tephra beds were named by Sakamoto (1992). Diatom zones: Akiba (1986), Yanagisawa and Akiba (1998), Watanabe and
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Fig.9  Diatom biostratigraphy of the Nakayama Formation of the upper part of the Shichibagawa II (TB-IIU)

section. Sample locations, detailed columnar sections and the occurrence of diatoms in this section are
shown in Fig. A6, Fig. A10 and Table A7, respectively. Tephra bed was named by Sakamoto (1992).
Diatom zones: Akiba (1986), Yanagisawa and Akiba (1998), Watanabe and Yanagisawa (2005). Diatom
interval: this study.
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Fig. 10 Diatom biostratigraphy of the Nakayama Formation of the Shichibagawa IV (TB-IV) section.

The occurrences of diatoms in this section are shown in Table A8. Diatom zones: Akiba (1986),
Yanagisawa and Akiba (1998), Watanabe and Yanagisawa (2005). Diatom interval: this study.
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Fig. 11

HESEIX A

Diatom biostratigraphy of the Nakayama Formation of the Hanyugawa (SW) section. Sample locations and the

occurrence of diatoms in this section are shown in Fig. A7 and Table A9, respectively. Diatom zones: Akiba (1986),
Yanagisawa and Akiba (1998), Watanabe and Yanagisawa (2005). Diatom interval: this study.
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Fig. 12 Diatom biochronology of each stratigraphic section. Location of each stratigraphic section is shown in Fig. 3. Lithology of
columnar section sections is slightly simplified. Geomagnetic polarity time scale: Gradstein et al. (2012); Diatom zones: Akiba
(1986), Yanagisawa and Akiba (1998), Watanabe and Yanagisawa (2005); Niigata borehole stratigraphy: the Compilation
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Fig. 13 Diatom biostratigraphy of the composite stratigraphic
section. Columnar section is composed of each
stratigraphic section shown in Fig. 4. Tephra beds shown
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Fig. 14 Age-thickness plot for the composite stratigraphic
section. Tephra beds shown in roman, italic and bold
types were named by Sakamoto (1992), Kurokawa and
Tomita (1995) and this study, respectively. Geomagnetic
polarity time scale: Gradstein et al. (2012); Diatom
zones: Akiba (1986), Yanagisawa and Akiba (1998),
Watanabe and Yanagisawa (2005).
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Fig. 15 Chronology and correlation of the glauconite beds recognized in several areas in Japan. Location of each area is shown in Fig. 1.
Geomagnetic polarity time scale: Gradstein ef al. (2012); Diatom zones: Akiba (1986), Yanagisawa and Akiba (1998), Watanabe
and Yanagisawa (2005).
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Map showing diatom sample locations in the Nakayama Tunnel (NK) section and Kawachi route.
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Fig. A4  Map showing diatom sample locations in the Shichibagawa I (TB-I) section.
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Fig. A7 Map showing diatom sample locations in the Hanyugawa (SW) section.
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Detailed columnar section of the Nakayama Formation of the Shiinki-rindo Road (SN) section.
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Fig. A8  Continued.
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Fig. A9 Detailed columnar section of the Nakayama and Nozaka formations of the Wakamiya (WK) section.

X179

— 318 —



RN PGSR 34§ % el — RO EHRE LA R BIR - 1652)

WK-6 _
125 TS Legend for lithology
101+ :
— I
100 S eatorod % laminated diatomaceous mudstone
weakly laminated diatomaceous mudstone
99—
| l:l massive diatomaceous mudstone
98 massive slightly diatomaceous mudstone
17A2 ﬁ massive mudstone (not diatomaceous)
E hard siliceous mudstone
97 129 6 glauconite sandstone
120 145—7Bb 6 mudstone containing glauconite
96— 128= sl.gl,1
-E thin tephra bed
E (5.6 Ma)
95—
127 i .
Y& (6.8 Ma) i sl: silt-grained
| vf: very fine sand-grained
94 126 ) Y . ’
f: fine sand-grained
T ] m: medium sand-grained
— — — gl ’
93 125 g c: coarse sand-grained
] 4 vc: very coarse sand-grained
sl.gl.15
92— 1244 vi.gl4 gl: glassy tuff
Tf-18| WKA-1 f.gl4 o
115 140 1239 fgl5 number: thickness (cm)
— ] 171 = f.gl.2.5
91— WKA-1 122 }{gﬁZ.S,Iam
00- : diatom samples
T ] 121 x - : sample barren of diatom
90—
1 1 120
89—
WKA2 - [2vigla7 Legend
1 88— ) 19 diatom interval
name of tephra bed
Wiw-2g7= sl.gl.2.0 diatom sample number
4 (WKA-7) B lithology Py
86| 118 - description of
tephra bed
Witw-1835= vf-sl.gl.1
1104 WKAS fmset 135 /Ba 1] 7A1| wsd 76 f41gl.3.0
TA1 7
] 84— ] 75—
116 135 (7.7 Ma)
i 83 i 74—
115— 1
—_ viglos | | e e
82—
7 7 114— age (Ma) of diatom biohorizon
diatom biohorizon
thickness (m)
] Wsz mgl.37
am 113
name of tephra bed
105 130 112 Roman type: Sakamoto (1992)
Italic type: Kurokawa & Tomita (1995)
4 4 Bold type: this study
79— 111
109
| ] WKA-3 108m gl.8 WKA-3 = Tf-17 of Kurokawa & Tomita (1995)
78 lam
1 1 107
Wsd 75— vi.gl3.0 Nozaka
(WKA-11) Formation
G —
(7.7 Ma) (6.5 Ma) WKA-5 f-m.gl.36
74— 108 lam~ Nakayama
1ol 6B3 L125m 7A2 103 ¢ Formation

X9
Fig. A9

— 319 —

Continued.



R R AR 7T A

20174 5 68% 6T

TB-IIL-1 TB-IIL-2 TB-IIL-3
25 50 75 100
5C1 02 ! i TBII- 51 1
c g i 24 i 50—F |
o ‘ é%
.0 ‘ =
®T ‘ A A i
E | 23 49
—
(v 5 %
I ] E ,
g | } 20— TBA-346 vf-sl.gl.2.5 | |
c | | |reas, wair ] L
T ‘ TE— o
< [ [
205R;| Z o 45 - 20 70 | 95 | ‘ ‘
| _-4] | | 46 71
4 hrﬁ[l%stone B 19 B 45 B 70
®
" % g G glauconite =
! [o)F=] 5C2 -
g S® soft - 18% £.g1.2 E% Bl TBA-1’ vf-sl.gl.1.5
S€ mudstone TBA-9 Vioi1s 44 691
£
% UO_ B8 G glauconite
1___] _ conglomerate b B
X 43 68—
X
X 42 67—
X
I-vf.gl.4.0
15— X 40 65 = 90— |TBA:2 Tgl40
41 667 vi-sl.gl.0.2
X
. X 1 14— 1 g
X
X
i J 13 J A
X
X 5C2 5C2
TBA-4 —t——— vf-sl.gl.7.0
i 121 1 38
X
x E (11.2 Ma)
i 1" J A
X
10 - c 35— 60 — 36— 85 |
O x % f-s1.gl.1.0
| 2 -é | | 35 \r%-ivgf;.gm.s |
60
& X 34
L |
| | i 5 ]
o ! TBA10. viglo.9 . : TBA-3_ e m-341.919.0
= !
o =
- .5 1| .5 |
32 58—
| 15C1 ] |
31 -
5 30 55— : : 80—
30—
29
TBA-6 vf.gl.0.7
i i 05 i 5 - | 54
28
. . . TBA-7 = .
04 | 27% oo 53
1 S | TBII- 03 | TBII-26 | TBII-52
0 22 o o |conglomerate
m 69009 m == m — m
0 afa od t125 L—50 t175

10 B (TB-I) £ 2 ¥ 3 ViZdkiF 2 TRE, P ANEROHILEORME IR,
Fig. A10 Detailed columnar section of the Orito, Hanyugawa and Nakayama formations of the lower and upper
Shichibagawa II (TB-IIL and TB-IIU) sections.
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Fig. A10 Continued.
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Fig. A11 Detailed columnar section of the Nakayama Formation of the Shichibagawa I (TB-I) and Shichibagawa III (TB-III)
sections. See Fig. 10A for legend.
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Table A1 Occurrence chart of diatoms in the Nakayama Tunnel (NK) section.

Formation

Nakayama Formation

Nozaka Formation
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Actinocyclus curvatulus CJanisch

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

A. octonarius Ehr.
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L +0F
L+ +[mE
L= |mE
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- +|m

Alsp A

Actinoptychus senarius (Ehr.) Ehr.
Asteromphalus spp.

Agzpeitia endoi (Kanaya) P.A.Sims et G.A Fryxell
A. cf. nodulifera (A.-W.F.Schmidt) G.A Fryxell et P.A.Sims
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FRV.R-N N
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Fm e [d]103020] S 542 |18

A. vetustissima (Pant.) P.ASims

Cavitatus jouseanus (Sheshukova) D.M.Williams
C. linearis (Sheshukova) Akiba et Yanagisawa
C. miocenicus (Schrader) Akiba et Yanagisawa
Cocconelis californica Grunow
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o |t vt =+ + 00 [0 103918 S 540

C. costata Greg.

Cocconeis curviritunda Brun et Temp.
C. scutellum Ehr.

C. vitrea Brun

Coscinodiscus marginatus Ehr.

C. radiatus Ehr.

C. spp (small)

C. spp.

Cosmiodiscus insignis Jousé

Delphineis surirella (Ehr.) G.W.Andrews

e == [ 103919 S 541
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Denticulopsis crassa Yanagisawa et Akiba

D. hyalina (Schrader) Simonsen

D. praedimorpha var. praedimorpha Barron ex Akiba
D. praekatayamae Yanagisawa et Akiba

simonsenii Yanagisawa et Akiba
D~ vulgaris (Okuno) Yanagisawa ct AKiba
Girdle view of D. lauta group
S-type girdle view of D. simonsenii group
Diploneis bombus Ehr.
D. smithii (Bréb.) Cleve

TR R- N (R

Eucampia sp. A (= Hemiaulus polymorphus Grunow)
Grammatophora spp.

Hemiaulus bipons (Ehr.) Grunow

Hyalodiscus obsoletus Sheshukova

Koizumia tatsunokuchiensis (Koizumi) Yanagisawa

Mastogloia splendida (Grev.) Cleve

Melosira albicans Sheshukova

Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa
Nitzschia grunowii Hasle

N. heteropolica Schrader

Nitzschia pliocena (Brun) Merz

N. cf. porteri Frenguelli

N. reinholdii Kanaya ex Barron et Baldauf
N. rolandii Schrader emend. Koizumi

Paralia sulcata (Ehr.) Cleve

Plagiogramma staurophorum (Greg.) Heib.
Porosira glacialis (Grunow) Jgrg.
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R. peragalli Brun et Hérib.
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T. brunii Akiba et Yanagisawa
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T. jacksonii Koizumi et Barron in Koizumi

T. jacksonii Koizumi et Barron in Koizumi (plicate)
T. leptopus (Grunow) Hasle et G.A Fryxell

T. manifesta Sheshukova

T. marujamica Sheshukova

T. nidulus Jousé
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‘Non-marine diatoms

Aulacoseira spp.

Cyclotella spp.

Mesodictyon japonicum Yanagisawa et Tanaka
Tertiariopsis costatum Tanaka
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Total number of valves counted
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Preservation, G: good; M: moderate, P:poor; Abundance, A:abundant, C: common, R:rare
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Table A2 Occurrence chart of diatoms in the Shiinoki-rindo Road (SN) section.

Formation

Nakayama Formation

Diatom zones

NPD 5C (Thalassiosira yabei Zone)

(Tentative intervals)
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Denticulopsis crassa Yanagisawa et Akiba
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T. minutissima Oreshkina
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Preservation, G: good; M: moderate, P:poor; Abundance, A:abun

ant, C: common, R:rare
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Adoneis pacifica G. W Andrews et Rivera

Asteromphalus spp.
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A. endoi (Kanaya) P.A Sims et G.A Fryxell
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Deniculopsis crassa Yanagisawa ct Akiba

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

D. dimorpha var. areolata Yanagisawa et Akiba
(Closed copula)
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ichikawae Yanagisawa et Akiba
tanimurae Yanagisawa et Akiba
hyalina (Schrader) Simonsen
katayamae Maruyama
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S-type girdle view of D. simonsenii group
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Diploneis spp.

Eucampia sp. A (= Hemiaulus polymorphus Grunow)
Goniothecium rogersii Eht.

Grammatophora spp.

Hemidiscus cuneiformis G.G.Wall.
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Hyalodiscus obsoletus Sheshukova
Ikebea tenuis (Brun) Akiba
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Preservation, G: good; M: moderate, P:poor; Abundance, Azabundant, C: common, Rirare
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Table A4 Occurrence chart of diatoms in the Shichibagawa I (TB-I) section.

Formation Nakayama Formation

Diatom zones Thalassiosira yabei Zone (NPD 5C)
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Actinocyclus ellipticus Grunow
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D. vulgaris (Okuno) Yanagisawa et Akiba

D-type girdle view of D. simonsenii group
Diploneis smithii (Bréb.) Cleve
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Preservation, G: good; M: moderate, P:poor; Abundance, A:abundant, C: common, R:rare
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Table A5 Occurrence chart of diatoms in the Shichibagawa III (TB-III) section.

Formation

Nakayama Formation

Diatom zone

Thalassiosira yabei Zone (NP5C)

(Tentative interval)
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Table A6 Occurrence chart of diatoms in the lower Shichibagawa II (TB-IIL) section.

Formation

Nakayama Formation

Diatom zones
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Delphineis surirella (Ehr.) G.W.Andrews
Denticulopsis crassa Yanagisawa et Akiba
(Closed copula)
Denticulopsis hustedtii (Simonsen et Kanaya) Simonsen
D. praedimorpha var. minor Yanagisawa et Akiba

(Closed copula)

D. praedimorpha var. praedimorpha Barron ex Akiba
(Closed copula)

D. simonsenii Yanagisawa et Akiba

D. vulgaris (Okuno) Yanagisawa et Akiba

S-type girdle view of D. simonsenii group
Diploneis spp.
Eucampia sp. A (= Hemiaulus polymorphus Grunow)
Goniothecium rogersii Ehr.
Grammatophora spp.
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Hemidiscus cuneiformis G.G.Wall.

Hyalodi beol Sheshukova

Ikebea tenuis (Brun) Akiba

Koizumia adaroi (Azpeitia) Yanagisawa

K. cf. tatsunokuchiensis (Koizumi) Yanagisawa
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Mediaria splendida Sheshukova
M. splendida f. tenera Schrader
Neodelphineis pelagica Takano
Nitzschia challengeri Schrader
N. grunowii Hasle

[ i o 1
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N. heteropolica Schrader

N. praereinholdii Schrader

N. rolandii Schrader emend. Koizumi
N. cf. sicula (Castr.) Hust.

Odontella aurita (Lyngb.) J.A.Agardh
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Paralia sulcata (Ehr.) Cleve

Porosira glacialis (Grunow) Jgrg.
Proboscia alata (Bright.) Sundstom

P. barboi (Brun) Jordan et Priddle

P. praealata (Schrader) Jordan et Priddle
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Pseudodimerogramma elegans Schrader
Pseudotriceratium punctatum (Ralfs) Simonsen
Rhizosolenia miocenica Schrader

. styliformis Brightw.

sp. A
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sp. E (cola)

. sp. F (yasuri)

. sp. G (futoi)

Rouxia californica Perag.
R. diploneides Schrader
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R. peragalli Brun et Hérib.

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

Thalassionema hirosakiensis (Kanaya) Schrader

45

10 25 36

+ 0w o

S|+ o+

0| —

+ o=
R+ pn—f 0.

+ o+ [

+ 0o+

+ o

+

T. nitzschioides (Grunow) H. Perag. et Perag.

T. cf. nitzschioides (Grunow) H. Perag. et Perag. (heteropolar)
Thalassiosira brunii Akiba et Yanagisawa

T. grunowii Akiba et Yanagisawa

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

T. mioplicata (Schrader) Akiba et Yanagisawa
T. nidulus Jousé

T. praenidulus Akiba

T. cf. temperei (Brun) Akiba et Yanagisawa
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T. yabei (Kanaya) Akiba et Yanagisawa
T.sp.A

T.sp.B

T. sp. (cf. oestrupii)

7. spp.
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Thalassiothrix longissima Cleve et Grunow
Triceratium condecorum Brightw.
Trochosira spinosa Kitton

+
+
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[
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Non-marine diatom Aulacoseira spp.

Total number of valves counted

100

100{_|,

Resting spore of Chaetoceros

)
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21100]

2100/ ,
12100

2l100],
100],
(100

=

5100]
=100] ,

R100| 4|10 + =,
13100

2[100[,

£|100| 4|, +
wl100[_],
J100],
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00|,

=[100],

S100] |+ 4|,
0100
{100]
=100[,

2100[ 4]

Preservation, G: good; M: moderate, P:poor; Abundance, A:abundant, C: common, R:rare
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Table A6 Continued.

Nakayama Formation
Thalassiosira yabei Zone (NPD5C)
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Table A7 Occurrence chart of diatoms in the upper Shichibagawa II (TB-IIU) section.

Formation

Nakayama Formation

Diatom zone

Thalassionema schraderi Zone (NPD6B)

(Tentative interval)

6B3

Sample number (TB-II)

o
N

o]
W

86

89

90 91

92

93 94

95

Original sample number (Sado)

N
Q)
&

N
=4
O

410

413

415 417

418

419 420

421

N
D[ \Of
| O
N
| \Of
W

Resistration number (GSJ R)

Preservation
Abundance

| 103812

o o 103816

A | 103820

Actinocyclus ellipticus Grunow

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

A.sp. A

Actinoptychus senarius (Ehr.) Ehr.

—
oo B

Do e ol 103813

|50 | 103814

W
S = =1

N | 103817

(98]
W O —

|50 | 103818
+ o | 103819

~
— N
)

S =

—_
Vs =

| 2| 103821

o | (103822
= = >’0103823

NS~

| =[ 103824
| =| 103825

N =

Arachnoidiscus spp.

A. sp. (oval form)

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

Cavitatus jouseanus (Sheshukova) D.M.Williams

+
!

 +

C. miocenicus (Schrader) Akiba et Yanagisawa
Cocconeis californica Granow

C. vitrea Brun

Coscinodiscus marginatus Ehr.

C. radiatus Ehr.

o= =

T I

[ U,

o=
o=+

N[
'

P NS

o=+

[EERSS]

C. spp.

Delphineis surirella (Ehr.) G.W.Andrews
Denticulopsis hyalina (Schrader) Simonsen
D. simonsenii Yanagisawa et Akiba

D. vulgaris (Okuno) Yanagisawa et Akiba

=

R 00 = W

N R S

T IR SR o NS

[ OS] IR SN

[ KR

S-type girdle view of D. simonsenii group
Diploneis bombus Ehr.
D. smithii (Bréb.) Cleve
Eucampia sp. A (= Hemiaulus polymorphus Grunow)
Grammatophora spp.

N

(R S S SRR R E S OV I

Hyalodiscus obsoletus Sheshukova
Ikebea tenuis (Brun) Akiba
Lithodesmium reynoldsii Barron
Nitzschia grunowii Hasle

N. pliocena (Brun) Merz

RS PR,

LS IR
'

N. cf. pliocena (Brun) Merz (linear form)
N. sp. (linear)

N. rolandii Schrader emend. Koizumi

N. suikoensis Koizumi

Paralia sulcata (Ehr.) Cleve

PNt (o +

(=)
N 00 = =

[}
[ =Rl S VSN S R

Plagiogramma staurophorum (Greg.) Heib.
Proboscia alata (Bright.) Sundstom

P. praealata (Schrader) Jordan et Priddle

P. barboi (Brun) Jordan et Priddle

P. barboi (Brun) Jordan et Priddle (spinose)

[ Ko N

o+

[ NS 2T

—_

)
S e N I

Rhizosolenia styliformis Brightw.
R. sp. A (normal)

R. sp. B (flame)

Rouxia californica Perag.

R. peragalli Brun et Hérib.

[ N

Vo

ot ==

N = =y

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

Thalassionema hirosakiensis (Kanaya) Schrader
T. nitzschioides (Grunow) H. Perag. et Perag.

T. schraderi Akiba

—

N W =N =W+

8]

[ VS ] IR S T

—

W
+ &~

[
PN+ =+

—

(3]

e

T. sp A (sakiboso)

Thalassiosira manifesta Sheshukova

T. marujamica Sheshukova

T. singularis Sheshukova

T. temperei (Brun) Akiba et Yanagisawa

PR ===

—|
=N O+

W)

'
—

ot =N B = =
'

T.sp.A
T.sp.B
Thalassiothrix longissima Cleve et Grunow

o=

=

[

Non-marine diatom Aulacoseira spp.

1

3

N+ + =
'

Total number of valves counted

100

100

100

100

100

100

100 100

100 100

100

Resting spore of Chaetoceros

45

33

20

37

40

45

67 29

9 44

17

Preservation, G: good; M: moderate, P:poor; Abundance, A:abundant, C: common, R:rare
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Table A8 Occurrence chart of diatoms in the Shichibagawa IV (TB-IV) section.

Formation

Nakayama F.

Diatom zone

T. yabei (NPD5C)

(Tentative interval)

5C1

Sample number (TB-1V)

01

02

03

04

Original sample number (Sado)

740

439

438

437

Resistration number (GSJ R)

Preservation
Abundance

- 2| 103835

Actinocyclus ingens f. ingens (Rattray) Whiting et Schrader
A. octonarius Ehr.

Actinoptychus senarius (Ehr.) Ehr.

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

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

[

—

b o nl 2[103834

Cavitatus jouseanus (Sheshukova) D.M.Williams
C. miocenicus (Schrader) Akiba et Yanagisawa
Coscinodiscus marginatus Ehr.

Denticulopsis simonsenii Yanagisawa et Akiba
D. vulgaris (Okuno) Yanagisawa et Akiba

N NN =N

o a e s> 0103832

S-type girdle view of D. simonsenii group
Goniothecium rogersii Ehr.
Mediaria splendida Sheshukova
Neodelphineis pelagica Takano
Nitzschia heteropolica Schrader

o= [N

)
N = W

Paralia sulcata (Ehr.) Cleve
Proboscia alata (Bright.) Sundstom
P. barboi (Brun) Jordan et Priddle
Rhizosolenia styliformis Brightw.
R.sp. A

|-P'—‘+|

Rouxia californica Perag.

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

Thalassionema hirosakiensis (Kanaya) Schrader

|+ 0 0+

W [ ==

I SRl HOS I

T. nitzschioides (Grunow) H. Perag. et Perag.
Thalassiosira grunowii Akiba et Yanagisawa
T. yabei (Kanaya) Akiba et Yanagisawa
Thalassiothrix longissima Cleve et Grunow
Triceratium condecorum Brightw.

++N|-‘S++++’—‘|l\)|

Total number of valves counted

100

100

100

100

Resting spore of Chaetoceros

19

16

12

22

Preservation, G: good; M: moderate, P:poor; Abundance, A:abundant, C: common, R:rare
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Table 9A Occurrence chart of diatoms in the Hanyugawa (SW) section.

Formation

Nakayama Formation

Diatom zones

Denticulopsis praedimorpha Zone (NPD5B)

(Tentative intervals)

5B3-4

Sample number (SW)

f=

f=
]

=l
|
W)
N
|
o
)
o
=
e
=)
ol

Original sample number (Sado)

Resistration number (GSJ R)

03942569

03943 570 (™3]

03944 [571|3

03945 (5722}

03946 (573 |

Preservation
Abundance

| 103852457
A 2| 103851 [456

5 | 103843 [448
T af103842]447
| al103840]445|
A 2103838 [443
A 2103936563
~ 2|103937 564

> Q
> a

P Q

Actinocyclus cf. curvatulus C.Janisch

A. ellipticus Grunow

A.ingens f. ingens (Rattray) Whiting et Schrader
A. cf. kisselevii Makarova

A. octonarius Ehr.
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e+ o e 4] al103844 4492

—_
—_
—_
—

w

A.sp. A

Actinoptychus senarius (Ehr.) Ehr.

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

A. cf. nodulifera (A.W.F.Schmidt) G.A Fryxell et P.A.Sims
A. vetustissima (Pant.) P.A.Sims
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L w4+ o+ 4| 0103846 (4511

L e+ + S+ +
LR+ R+

—_

Bogorovia puncticulata Yanagisawa

Cavitatus jouseanus (Sheshukova) D.M.Williams
C. miocenicus (Schrader) Akiba et Yanagisawa
Coscinodiscus marginatus Ehr.

C. spp.
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Cocconeis spp.

Crucidenticula punctata (Schrader) Akiba et Yanagisawa
Delphineis biseriata (Grunow) G.W.Andrews

D. surirella (Ehr.) G.W.Andrews

Denticulopsis crassa Yanagisawa et Akiba

[ o IFRN-TE
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D. cf. hustedtii (Simonsen et Kanaya) Simonsen

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

D. praedimorpha var. praedimorpha Barron ex Akiba
(Closed copula)

)

N

N — —

D. simonsenii Yanagisawa et Akiba
D. vulgaris (Okuno) Yanagisawa et Akiba
S-type girdle view of D. simonsenii group
Diploneis spp.
Eucampia sp. A (= Hemiaulus polymorphus Grunow)
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Goniothecium rogersii Ehr.
Hemiaulus bipons (Ehr.) Grunow
Hemidiscus cuneiformis G.G.Wall.
Hyalodiscus obsoletus Sheshukova
Ikebea tenuis (Brun) Akiba
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Koizumia adaroi (Azpeitia) Yanagisawa
Mediaria splendida Sheshukova

M. splendida f. tenera Schrader
Melosira sol (Ehr.) Kiitzing
Neodelphineis pelagica Takano

N S R
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[ e T [ S
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Nitzschia grunowii Hasle

N. heteropolica Schrader

N. rolandii Schrader emend. Koizumi
N.sp. (cf. F. fossils)

Odontella aurita (Lyngb.) J.A.Agardh

o=+
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+
[RE R o (VR
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[ SRR

W=

R
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Paralia sulcata (Ehr.) Cleve
Porosira glacialis (Grunow) Jgrg.
Proboscia alata (Bright.) Sundstom
P. barboi (Brun) Jordan et Priddle
Planifolia tribranchiata Ernissee
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S E
-

—_
(=]
I Y

TR S

Pseudopodosira elegans Sheshukova
Pseudotriceratium punctatum (Ralfs) Simonsen
Rhaphoneis amphiceros Ehr.

Rhizosolenia miocenica Schrader

R. styliformis Brightw.

TS ST SR I

TS o R S o S Y

e+

i E

R. sp. A (normal)

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

Thalassionema hirosakiensis (Kanaya) Schrader
T. nitzschioides (Grunow) H. Perag. et Perag.
Thalassiosira grunowii Akiba et Yanagisawa
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T. leptopus (Grunow) Hasle et G.A .Fryxell
T. manifesta Sheshukova

T. praenidulus Akiba

T. cf. temperei (Brun) Akiba et Yanagisawa
T. transitoria Tanimura
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T. yabei (Kanaya) Akiba et Yanagisawa

T. spp.

Thalassiothrix longissima Cleve et Grunow
Triceratium condecorum Brightw.
Trochosira spinosa Kitton
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N ine d Aulacoseira spp.

Total number of valves counted

100

Resting spore of Chaetoceros

132[100]

37|100| | ,
149100/ ;.

19/100
31100
24100
441100

420100[4], 4 .

39[100
49[100
31|100( 4|, + |
9100
79[ 100
11{100

56

31[100] |
25(100

292(100

68100
48100
42{100

7100

Preservation, G: good; M: moderate, P:poor; Abundance, A:abundant,

0

: common, R:rare

— 334 —



KPP oA 9 2 058 R OWEHRECAER (BIR - #52)

F&10 WAL — P2 SEEH U Z2HEE A,

Table A10 Occurrence chart of diatoms in the Kawachi route.

Formation

Nakayama Formation

Diatom zones

T. shcraderi (NPD6B)

NPD7A

(Tentative interval)

6B3 TA1

TA2

Sample Number (KW)

01

03[ 04 05 06 07| 08

09 10

Original sample number (Sado)

580 579 578[577 576 575 593|592

591 581

Resistration number (GSJ R)

Preservation
Abundance

5 o 103952

Actinocyclus ellipticus Grunow

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

Actinoptychus senarius (Ehr.) Ehr.

A.vulgaris Schum.

L e s | o[ 103953

—_

1R = =

|5 =[ 103048
| of 103964
s of 103963

[ N

|50 o 103962
| o 103954

[ e

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

A. cf. nodulifera (A.W F.Schmidt) G.A Fryxell et P.A .Sims
Cavitatus jouseanus (Sheshukova) D.M.Williams

C. linearis (Sheshukova) Akiba et Yanagisawa

C. miocenicus (Schrader) Akiba et Yanagisawa

RS I
'

Cocconeis costata Greg.

C. curviritunda Brun et Temp.
C. scutellum Ehr.

C.vitrea Brun

Coscinodiscus marginatus Ehr.

'
'
0+

C. radiatus Ehr.

C. spp.

Crucidenticula punctata (Schrader) Akiba et Yanagisawa
Delphineis surirella (Ehr.) G.W.Andrews

Denticulopsis crassa Yanagisawa et Akiba

D. hyalina (Schrader) Simonsen

D. katayamae Maruyama

D. simonsenii Yanagisawa et Akiba

D. vulgaris (Okuno) Yanagisawa et Akiba
Girdle view of D. hyalina group

S-type girdle view of D. simonsenii group
Diploneis smithii (Bréb.) Cleve
Eucampia sp. A (= Hemiaulus polymorphus Grunow)
Grammatophora spp.
Hyalodiscus obsoletus Sheshukova

Ikebea tenuis (Brun) Akiba

Mediaria splendida Sheshukova

Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa
Nitzschia grunowii Hasle

N. heteropolica Schrader

N. pliocena (Brun) Merz

N. cf. pliocena (Brun) Merz (linear form)
N. rolandii Schrader emend. Koizumi

N. suikoensis Koizumi

Odontella aurita (Lyngb.) J.A.Agardh

Paralia sulcata (Ehr.) Cleve

Proboscia alata (Bright.) Sundstom
Proboscia barboi (Brun) Jordan et Priddle
Proboscia barboi (Brun) Jordan et Priddle
Rhaphoneis amphiceros Ehr.

L N

'
e ol

Rhabdonema japonicum Temp. et Brun
Rhizosolenia hebetata f. semispina (Hensen) Gran
R. styliformis Brightw.

R. sp. A (normal)

R. sp. C (costa)

|
|| A
e et = e A = = e+ e | 103961 |85 R

Rouxia californica Perag.

Shionodiscus oestrupii (Ostenfeld) A.J.Alverson, S.H.Kang et E.C.Theriot

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

'
o=
'

.
.
+ 4

—_

T. nitzschioides (Grunow) H. Perag. et Perag.
T. cf. robusta Schrader

T. schraderi Akiba

T. sp. (sakiboso)

Thalassiosira antiqgua (Grunow) Cleve-Euler

LW =
9|

= Wl

o+ = N =

'
+

N
L= =+ 4|

T. grunowii Akiba et Yanagisawa
T. manifesta Sheshukova

T. marujamica Sheshukova

T. singularis Sheshukova
T.sp.B

[ e

Thalassiosira spp.
Thalassiothrix longissima Cleve et Grunow

'
'
'

V=
'

Non-marine diatoms

Aulacoseira spp.

Mesodyction japonicum Yanagisawa et Tanaka
Eunotia spp.

Total number of valves counted

50 50 50| 50 50 50 53| 50

Resting spore of Chaetoceros

8

12

14 5 2 2 2|27

Preservation, G: good; M: moderate, P:poor; Abundance, A:abundant, C: common, R:rare

Nz: Nozaka Formation, Ka: Kawachi Formation
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Plate 1 Diatoms from the Nakayama and Nozaka formations.
Scale bar A for figs. 1-20 and scale bar B for figs. 21-33. Code number after species name indicates sample number with
original sample number in parenthesis.
1: Crucidenticula punctata (Schrader) Akiba et Yanagisawa, SW-04 (Sado454)
2: Closed copula of Denticulopsis praedimorpha var. minor Yanagisawa et Akiba, TB-11-01 (Sado327)
3: Closed copula of Denticulopsis praedimorpha var. minor Yanagisawa et Akiba, SW-02 (Sado456)
4: Denticulopsis praedimorpha var. minor Yanagisawa et Akiba, SW-02 (Sado456)
5: Closed copula of Denticulopsis praedimorpha var. praedimorpha Barron ex Akiba, TB-11-01 (Sado327)
6: Open copula of Denticulopsis praedimorpha var. praedimorpha Barron ex Akiba, TB-11-01 (Sado327)
7: Denticulopsis praedimorpha var. praedimorpha Barron ex Akiba, TB-11-01 (Sado327)
8: Denticulopsis dimorpha var. dimorpha (Schrader) Simonsen, SN-40 (Sado30)
9: Closed copula of Denticulopsis dimorpha var. dimorpha (Schrader) Simonsen, WK-09 (Sado220)
10: Closed copula of Denticulopsis dimorpha var. areolata Yanagisawa et Akiba, WK-09 (Sado220)
11: Denticulopsis dimorpha var. areolata Yanagisawa et Akiba, WK-09 (Sado220)
12: Denticulopsis hustedtii (Simonsen et Kanaya) Simonsen, TB-1I-69 (Sado257)
13: Denticulopsis simonsenii Yanagisawa et Akiba, TB-I-07 (Sado245)
14: Denticulopsis vulgaris (Okuno) Yanagisawa et Akiba, TB-1-07 (Sado245)
15: Denticulopsis praekatayamae Yanagisawa et Akiba, WK-18 (Sado211)
16: Denticulopsis katayamae Maruyama, WK-18 (Sado211)
17: Denticulopsis crassa Yanagisawa et Akiba, SN-25 (Sado15)
18: Closed copula of Denticulopsis crassa Yanagisawa et Akiba, SN-26 (Sado16)
19: Nitzschia rolandii Schrader emend. Koizumi, WK-111 (Sado134)
20: Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa, WK-127 (Sado120)

2

—_

: Cavitatus jouseanus (Sheshukova) D.M.Williams, TB-1-01 (Sado251)
22: Cavitatus linearis (Sheshukova) Akiba et Yanagisawa, WK-69 (Sado166)
23: Thalassionema schraderi Akiba, WK-69 (Sado166)

24: Thalassionema hirosakiensis (Kanaya) Schrader, TB-1-07 (Sado245)

25: Rouxia californica Peragallo, WK-69 (Sado166)

26: Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell, TB-11-68 (Sado258)
27: Nitzschia pliocena (Brun) Merz, WK-69 (Sado166)

28: Thalassiosira castanea Akiba et Yanagisawa, WK-106 (Sado136)

29: Azpeitia komurae Akiba, WK-99 (Sado143)

30: Hemidiscus cuneiformis G.G.Wallich, TB-1-07 (Sado245)

31: Shionodiscus oestrupii (Oste nfeld) A.J. Alverson, S.H.Kang et E.C.Theriot s. 1., NK-19 (N-16)
32: Thalassiosira jacksonii Koizumi et Barron in Koizumi, NK-19 (N-16)

33: Thalassiosira antiqua (Grunow) Cleve-Euler, WK-96 (Sado146)
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Plate 2 Diatoms from the Nakayama and Nozaka formations.
Code number after species name indicates sample number with original sample number in parenthesis.

1: Thalassiosira temperei (Brun) Akiba et Yanagisawa, WK-123 (Sado123)

2: Thalassiosira cf. temperei (Brun) Akiba et Yanagisawa, TB-11-62 (Sado264)

3: Thalassiosira yabei (Kanaya) Akiba et Yanagisawa, TB-11-64 (Sado262)

4: Actinocyclus ellipticus Grunow, SW-14 (Sado444)

5: Actinocyclus ellipticus Grunow, TB-1-07 (Sado245)

6: Thalassiosira jacksonii Koizumi et Barron in Koizumi (plicate), NK-19 (N-16)
7: Actinocyclus ingens f. ingens (Rattray) Whiting et Schrader, TB-11-01 (Sado327)
8: Thalassiosira singularis Sheshukova, WK-69 (Sado166)

9: Thalassiosira leptopus (Grunow) Hasle et G.A Fryxell, TB-I-07 (Sado245)

10: Proboscia barboi (Brun) Jordan et Priddle, WK-29 (Sado201)

11: Rhizosolenia miocenica Schrader, TB-11-68 (Sado258)

12: Goniothecium rogersii Ehrenberg, SN-26 (Sado16)

13: Rhizosolenia styliformis Brightwell, TB-I1-68 (Sado258)

14: Rhizosolenia styliformis Brightwell, SW-14 (Sado444)

15: Triceratium condecorum Brightwell, TB-11-68 (Sado258)
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Marine diatom biostratigraphy of the Neogene sequence in the southern part of the Osado Mountain
area, Sado Island, Niigata Prefecture, Japan
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