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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
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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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(1986), Yanagisawa and Akiba (1998), Watanabe and
Yanagisawa (2005). Diatom biostratigraphy in this area
is based on this study.
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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, II (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.

. . = (7]
TB-IV| Shichibagawa IV S c
g 2 | R ?
[ laminated diatomaceous mudstone _g g’ § ° g
[ weakly laminated diatomaceous mudstone 5 2 : > 'g T ) N
[] massive diatomaceous mudstone T 3 B 2 K] = © £
Il hard siliceous mudstone o Ej g‘ ,S £ o) 2 o
fine to very fine-grained sandstone S 3 3 g S g -g g
o = = £ © -
samples S 5 S o =
YR = S = | @ NPD
1o = :
Nakayama F. | N2 ' 5C1 | 5C
E Hanyugawa F. =01
Orito F. iTBIV 0 20% ? ?

om Abundance

FI10K GBIV (TB-IV) £ 2 ¥ 3 ViZk T 2 hilE o trn R, O oS i

F8ITNY. Hw b s & HiiE g UEIT Akiba (1986), Yanagisawa and Akiba (1998) &
U Watanabe and Yanagisawa (2005) (2 & 5. HEEEXRBIIAMIEIZ &L 5.

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

Committee of the Geologic Map of Niigata Prefecture (2000) and Kudo et al. (2011).
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(1986), Yanagisawa and Akiba (1998) XU Watanabe
and Yanagisawa (2005) 12 5.

Fig. 13 Diatom biostratigraphy of the composite stratigraphic
section. Columnar section is composed of each
stratigraphic section shown in Fig. 4. 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).
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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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Map showing diatom sample locations in the Nakayama Tunnel (NK) section and Kawachi route.
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Shichibagawa | (TB-I)
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% dip & strike of strata

T/B|01 diatom samples

Legend for lithology
|:| diatomaceous mudstone
TBA-1 == thin tephra bed

I— name of tephra bed
Sakamoto (1992)

X4 BEISNIT (TB-D) £ 2 ¥ 3 VI 1) % HaRHREUY X,
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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Fig. A8

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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name of tephra bed

Roman type: Sakamoto (1992)
Italic type: Kurokawa & Tomita (1995)
Bold type: this study
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Fig. A9 Detailed columnar section of the Nakayama and Nozaka formations of the Wakamiya (WK) section.
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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. 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

Kwachi F.

Diatom zones

NPD6B

NPD7A

NPD7Bb

?

(Tentative interval)

6B2 6B3

TA2

7Bb

ey

Sample number (NK)

01 02

03{04 05 06|07 08 09

1112

13

14

15

16 17 18 19 20 21

22 23 24 2526 27 28 29

=)
S
w

w
@

Original sample number

N34

)
«
4

N 32

N31
N30
N29
N28

N27

]
Q
Z

N24
N23

N22
N21

N20
N19

2
z

=
z

N 15
N 14
N13
N 12

=)
= o
Z Z

N 11

o
4

~ ©
Z Z

S 543

Resistration number (GSJ R)

Preservation
Abundance

Nk
==

="

~
=

="

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.

I ke

VW

L+ [ E

L +0F
L+ +[mE
L= |mE

Fekee

- +|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

oo

RV N

S
RO

I BN

FRV.R-N N
PSRN NN

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

w
L m—

=t

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

‘.w...‘.....w‘.m....@.0w103921

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.
Proboscia alata (Bright.) Sundstom

P. barboi (Brun) Jordan et Priddle

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

I SRS I XS Eo

W

O
%)
=
S

s

®

Rhabdonema japonicum Temp. et Brun
Rhizosolenia styliformis Brightw.
R.sp.

R. sp. C (costa)

R.sp.D

o

I S

L=
YN
[N}

Rouxia californica Perag.
R. peragalli Brun et Hérib.

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

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

o =

i L Y )

+
S P

(S}

1
+
1

W
' ~
(SRR VI
[V

+

Stephanopyxis spp.

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

T. schraderi Akiba

T. sp. (sakiboso)

Thalassiosira antigua (Grunow) Cleve-Euler

™

IR PR
N

[ S R PR )

w

g (SRS
Lo+ O w

e v

54133

P9 o=

G |—

2

5716 28

PR
=N
[T
<y
[N
G |—

T. bipola Shiono et Koizumi

T. brunii Akiba et Yanagisawa

T. gravida f. fossilis Jousé

T. grunowii Akiba et Yanagisawa

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

[+
e i e i I

T. singularis Sheshukova

T. temperei (Brun) Akiba et Yanagisawa

T. trifulta G.A Fryxell

T.sp.B

T. spp.

Thalassiothrix longissima Cleve et Grunow

o w

8]
=t

'
+ o

‘Non-marine diatoms

Aulacoseira spp.

Cyclotella spp.

Mesodictyon japonicum Yanagisawa et Tanaka
Tertiariopsis costatum Tanaka

w

[Sx%)
+

Total number of valves counted

=)
=1

9 100|,

5[100[,

4100, , —.
6] 100, + , .

6| 10|, |,

8| s0],

Resting spore of Chaetoceros

IS

42[ 100{,

10{ 100{,
76] 100],
38| 100{,
34] 100],

16| 100/,
17| 100/,
35[100],

14| 100/,

11{ 100},

132[100], + ., +

13/ 100], |, | &

1f100f, , , .
13[ 100

14/ 100[4 , ——

27[100],

224| 50|,

29| 50|,

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)

5C2

5C3

Sample number (SN)

=3
=3
¥
(=3
D

04 05 06 07

08

09 10 1112 13

14 15[16 17 18 19 20|21 22 23 24 25

26 27 28 29 30

3132333435

36 37 38

Sample number (Skr) in Yanagisawa et al. (2009)

01

02

03 04]

06| 070809 10

11

12

13 14 15 16[17

18

19

21

Original sample number (Sado)

92

89
09

02
01
10

11

12
13
14

)

16
17
18
19

28

Resistration number (GSJ R)

Preservation
Abundance
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Actinocyclus ellipticus Grunow

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

Actinoptychus senarius (Ehr.) Ehr.

Agzpeitia endoi (Kanaya) P.A.Sims et G.A Fryxell
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Lo w |0 E[103541

L v | 0 103463
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=

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

Bogorovia praepaleacea (Schrader) Jousé
Cavitatus jouseanus (Sheshukova) D.M.Williams
C. miocenicus (Schrader) Akiba et Yanagisawa
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S| IS

Dl 4. — 4| 0] 103458] 06
Dol = = 4| 0103457 05
N R I
Cal e oo =[103455] 03
L=+ s+ + [ 103454
V4| # o= [ 103453
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oo w
[ S

. |+ o o> o] 103465
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e

Dol oy e e 0103467
T 4l= = ool ol 103468
[ = I S N+>C)103469
Dl o =l l103470

o

L=l e =) 103472] 20

Lo o o 4|0 (103473 21

T R

el e o |az]103475] 23
ol o ol =]103476] 24
Dol o w4 2103477 25
T+ o +|> 0] 103478 26[2
Cole 1 ol 2103479 27

L=l = o> 0103480

Cocconeis spp.

Coscinodiscus marginatus Ehr.

C. radiatus Ehr.

C.spp.

Delphineis surirella (Ehr.) G.W.Andrews

T | v+ o |7 o03827(425

N ==y

TN SR P

B = B

Lt =t
o+t 4+ =+ +[> 0] 103460| 08
U I

MRS R

.
T
T o (SR

L+ ol a s [ 103462

D — o =+ o+ 0103464
R =

T s

P |+t

P IS g

T S o IR

Denticulopsis crassa Yanagisawa et Akiba
(Closed copula)

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

D. dimorpha var. areolata Yanagisawa et Akiba

(Closed copula)
D. hustedtii (Simonsen et Kanaya) Simonsen
D. simonsenii Yanagisawa et Akiba
D. vulgaris (Okuno) Yanagisawa et Akiba
S-type girdle view of D. simonsenii group

D-type girdle view of D. simonsenii group
D. praekatayamae Yanagisawa et Akiba
D. katayamae Maruyama
D. hyalina (Schrader) Simonsen
D. lauta (Bailey) Simonsen

Diploneis spp.
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Preservation, G: good; M: moderate, P:poor; Abundance, A:abun

ant, C: common, R:rare
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Table A3 Occurrence chart of d

20174 5 68% 6T

v BEEN L -HE A,

iatoms in the Wakamiya (WK) section.

Formation

Nakayama Formation

Diatom zones
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Thalassionema schraderi Zone (NPD 6B)

(Tentative intervals)
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Adoneis pacifica G. W Andrews et Rivera

Asteromphalus spp.

Azpeitia komurae Akiba

A. 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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Cavitatus jouseanus (Sheshukova) D.M.Williams
C. linearis (Sheshukova) Akiba et Yanagisawa
C. miocenicus (Schrader) Akiba et Yanagisawa
Cocconeis spp.
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Coscinodiscus marginarus ERr.

C. radiatus Ehr.

C.spp.

Cosmiodiscus insignis Jousé

Delphineis surirella (Ehr.) G.W.Andrews
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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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e =+

Tauta (Bailey) Simonsen
ichikawae Yanagisawa et Akiba
tanimurae Yanagisawa et Akiba
hyalina (Schrader) Simonsen
katayamae Maruyama

™

prackatayamae Yanagisawa ct AKiba
simonsenii Yanagisawa ct Akiba
vulgaris (Okuno) Yanagisawa et Akiba
S-type girdle view of D. simonsenii group
D-type girdle view of D. si i group
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Diploneis spp.

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

Grammatophora spp.

Hemidiscus cuneiformis G.G.Wall.

e

H.sp.A

Hyalodiscus obsoletus Sheshukova
Ikebea tenuis (Brun) Akiba

Koizumia adaroi (Azpeitia) Yanagisawa
K. akibae Yanagisawa

Lt

Lithodesmium_reynoldsii Baron

Mastogloia splendida (Grev.) Cleve

Melosira sol (Ehr.) Kiitzing

Neodelphineis pelagica Takano

Neodenticula kamischatica (Zabelina) Akiba et Yanagisawa

izschia cf. extincta Kozurenko et Sheshukova
Fragilariopsis fossilis (Freng.) Medlin et P.A Sims
Nitzschia grunowii Hasle

N. heteropolica Schrader

N. pliocena (Brun) Merz

N. cf. pliocena (Brun) Merz (Tincan)

N.cf. porteri Frenguelli

N. praereinholdii Schrader

N. rolandii Schrader emend. Koizumi (asymmeteric)
N. rolandii Schrader emend. Koizumi (symmetric)

N suikoensis Koizumi

Odontella aurita (Lyngb.) J.A.Agardh
Paralia sulcata (Ehr.) Cleve
Plagiogramma staurophorum (Greg.) Heib.
Porosira glacialis (Grunow) Jorg.

PRSI P

o=l

vo =

Proboscia alata (Bright,) Sundstom

P. barboi (Brun) Jordan et Priddle

P. barboi (Brun) Jordan et Priddle (spinose)
Rhizosolenia sp. A (normal)

R.sp. B (flame)
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R.5p- C (costac)

R. styliformis Brightw.

Rouxia californica Perag.

Shionodiscus oestrupii (Ostenfeld) A.J Alverson et al.
Stellarima microtrias (Ehr.) Hasle ct PA Sims
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Stephanogonia hanzawae Kanaya
Stephanopyxis spp.

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

T. cf. robusta Schrader
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7. sp. A (pointed apex)
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Thalassiosira antiqua (Grunow) Cleve-Euler
T. brunii Akiba et Yanagisawa
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T castanea Akiba et Yanagisawa
T. grunowii Akiba et Yanagisawa

T. jacksonii Koizumi et Barron in Koizumi
7. leptopus (Grunow) Hasle et G.A Fryxell
7. manifesta Sheshukova

T. marujamica Sheshukova
T. minutissima Oreshkina
T. nidulus Jousé

T. opposita Koizumi

7. praenidulus Akiba
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T. singularis Sheshukova
T. temperei (Brun) Akiba ct Yanagisawa
T.sp.A

T.sp.B
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7. spp.
Thalassiothrix longissima Cleve et Grunow
Triceratium condecorum Brightw.
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lon-marine diatoms
Aulacoseira spp.
Cyclotella spp.
Mesodyction japonicum Yanagisawa et Tanaka
Navicula spp.
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Total number of valves counted
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Resting spore of Chaetoceros
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9{100
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10[ 100,
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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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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
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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.

—

—_

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

I e N | R

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.

PN = W ==+ o+

L wt o o e+ s+ |0 Z[103850(455| )

B (S
o+ o = o+ [ 103839]444
A+ s |+ + + +[> 103935]562

Cmo— | W [+ e | Z[103837]442

L omm = = g o+ o+ +

W= =+ 0wt O+

L H|o s o H= = +|(E|103939]566| 53]
o+ [+ o+ [ 010394015671

Ltk — s+ > 01039415685

Dt ot — [ wE

TR B o I S S SR R R N

I F N N B R L)

T s S~ I o

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

Cm e[ e e o | 103849 (454 )

] o o+ w =+ s+ > 0]103848[453| 5
a1 e o+ 103847 (452 S

S EEaa
TR T S SRR S L

o+ e |+ e+ > )103845(450|F)

e s o e wa ] o ] of103038]s6s 13

==t =

N
I B N

TR N S
[ e ]
'
'

o | = o+ — 4 4| 103836 (441
e =+ =4+ 103934561

+

 + +

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)

= S

N e | SRS SR

==

[ S o EN SO
|

W Ofw oy = —

Cnwouwio ol o |+ F oot [ =+ 4] 103841 (446

-
=Sl (=N Cle N

—_—

[

—_

—_

Goniothecium rogersii Ehr.
Hemiaulus bipons (Ehr.) Grunow
Hemidiscus cuneiformis G.G.Wall.
Hyalodiscus obsoletus Sheshukova
Ikebea tenuis (Brun) Akiba

+

o= N W= B

|+ oo u|+ B+ +
I E RN V) B  CE

o+ + vy = =
v o—luo—,

I o S S S S SR S [P

N+ W oy oo v = =
=t F oo
|t m =y + +
B E TR URC RN, T N
[ R S S o SR
L) =
t + W B wnw
I E N SRV NV ROt

[ o N RN ) E=T S
|

+

o+
=
=+

|+ c o[+ Ao

i+

[+ o ofw —

o+ 4

[ S G SR N [USI ST SRR 3 (TR S

= ur oo,

[+ oyl oo+

e+

N R N o .

Koizumia adaroi (Azpeitia) Yanagisawa
Mediaria splendida Sheshukova

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

N S R

o+ =

[ e T [ S

TR R S e

I S I N RS N B oo ) [V N
+

[ e S L2
P [
S e
o+ o+

TR N
R P

[ T [ S

[ T [ SR

[R

e

 + +

Nitzschia grunowii Hasle

N. heteropolica Schrader

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

Odontella aurita (Lyngb.) J.A.Agardh

o=+
o=+

s o
+
[RE R o (VR

TG N

T o

[ SRR

W=

R

[ ST o

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

FRT s i
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)

R.sp. Y (yasuri)

Rouxia californica Perag.

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

[ 2 N

T o RN

+

T o [P~
'
T

RSN N,

N A

+ +

W)

Stephanogonia hanzawae Kanaya
Stephanopyxis spp.

Thalassionema hirosakiensis (Kanaya) Schrader
T. nitzschioides (Grunow) H. Perag. et Perag.
Thalassiosira grunowii Akiba et Yanagisawa

W

o+

W

+|+

~
(PSRN
0

~
n

=
N
2 — 4

=
W

N R

[l

|+t

2

25

So—

e+

B
e

TN R

SRS
_

=
_ =

+loa— 1+

)
=N

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

T. praenidulus Akiba

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

IO = =

W s =

o=+ e

I LSR= NN
[
[ S S

A+ =+

N =+ +
oo =

L+

I e N SR S

o =
T S SR N N = S T o
'

(95
e ISR R R

I
o=
[ S S I

o= O

T =N R CRE ) I SRNUSIE S |

o+

[

T. yabei (Kanaya) Akiba et Yanagisawa

T. spp.

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

PN+

+

+
G e S

L =
+

+

L+
T TRy
e

I I o IR o B

+

Com

+

P o O ol o O )

[ R

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
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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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