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Abstract: The Miocene Ogi Basalt Member of the Tsurushi Formation distributed in the Ogi Peninsula, Sado Island
is dated by diatom biochronology with reported K-Ar and fission track ages. The Ogi Basalt Member is divided into
the lowermost part (pillow lavas), the lower part (hyaloclastite), the middle part (hyaloclastite), the upper part
(pillow lavas) and the uppermost part (massive basalt), in ascending order. Main body of the Ogi Basalt Member (the
lowermost part to the upper part) is composed of the products of submarine volcanism except for the uppermost
massive intrusive basalt in mudstone. Diatom assemblages correlative with the zone NPD4Bb are found in the
mudstone intercalated in the lowermost part, whereas diatoms assigned to the zone NPD5B occur in the mudstone
overlying the pillow lavas of the upper part of the Ogi Basalt Member. Diatom chronology and reported radiometric
ages indicate that the products of submarine volcanic activity of the Ogi Basalt Member were placed during the
interval ranging 14.1 Ma to 12.7 Ma. Intrusive rocks of the uppermost part of the member are dated at ca. 11.7 Ma.

Keywords: diatom, marine, biostratigraphy, Ogi Basalt, submarine volcanism, Miocene, Neogene, Ogi, Sado,
Niigata, Japan
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Fig. 1. Location of stratigraphic sections examined in this study with geologic map of

Ogi Peninsula, Sado Island.
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Fig. 2 Lithostratigraphy of the Neogene sequence in the Kosado area, Sado Island (Ogi Collaborative Research

Group, 1986) with stratigraphic subdivision of the Ogi Basalt Member of the Tsurushi Formation (Ogi

Collaborative Research Group, 1977). A: Shiraki section, B: Ooura section, C: western Ogi section, D: eastern

Ogi section, E: Yamanaka section.
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Fig. 3. Location of stratigraphic sections examined in this study. 1: Ooura section 2:
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Fig. 4. Diatom biostratigraphy of the Miocene in Ogi Peninsula, Sado Island. A: Shiraki section, B: Ooura section, C:
western Ogi section, D: eastern Ogi section, E: Yamanaka section.
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Fig. 5. Age of the Ogi Basalt Member, Sado Island.
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Appendix table 1 Occurrence chart of diatoms in the Shraki (A) and Yamanaka (E) sections.

Sections Shiraki Yamanaka
Diatom zones (NPD) 4Bb 4Bb 5C 5C s5C
S S S & 8
Sample number e z oz
[Z % P
Original sample number (Sado-) 584 585 586 587 588
2 F 22 8
Resistration number (GSJ R-) QA 2 QA 2 2
S S € 8 =
Preservation P P G G G
Abundance C R A A A
Actinocyclus ellipticus  Grunow 2 - - -1
A. ingens f. ingens (Rattray) Whiting et Schrader 12 35 3 2
A. ingens f. nodus (Baldauf) Whiting et Schrader 4 6 -
A. octonarius Ehr. -1 - - -
Actinoptychus senarius  (Ehr.) Ehr. 2 6 1 6 2
Aulacoseira spp. 1 - - - -
Azpeitia endoi (Kanaya) P.A.Sims et G.A Fryxell - 3 11 9 4
A. nodulifera (A.W.F.Schmidt) G.A Fryxell et P.A.Sims - - -5 -
A. vetustissima (Pant.) P.A.Sims - - - - 4
Cavitatus jouseanus (Sheshukova) D.M.Williams -1 + - -
C. miocenicus (Schrader) Akiba et Yanagisawa + 1 1 2 -
Coscinodiscus lewisianus Grev. 1 2 - - -
C. marginatus Ehr. - - -1 -
Crucidenticula nicobarica (Grunow) Akiba et Yanagisawa 2 - - - -
C. punctata (Schrader) Akiba et Yanagisawa 3 - - -
Denticulopsis hyalina (Schrader) Simonsen 39 18 - - -
D. ichikawae Yanagisawa et Akiba 1 - - - -
D. simonsenii Yanagisawa et Akiba + 4+ 32 1
D. vulgaris (Okuno) Yanagisawa et Akiba - - 9 3 6
Girdle view of D. hyalina group 4 6 - - -
S-type girdle view of D. simonsenii group - 3+ -
Diploneis smithii (Bréb.) Cleve - - -1 -
Eucampia sp.A (= Hemiaulus polymorphus Grunow) 1 - + - -
Grammatophora spp. -+ - - -
Mediaria splendida Sheshukova - - - -
M. splendida f. tenera Schrader - - 1 - -
Melosira scopos A.Mann 1 - - - -
Nitzschia heteropolica Schrader - - 2 - 1
N. praereinholdii Schrader - - 1 + -
Paralia sulcata (Ehr.) Cleve 16 1 1 - -
Proboscia barboi (Brun) Jordan et Priddle - - 1 1 -
Rhizosolenia cf. hebetata f. hiemalis Gran - - 3 - -
R. miocenica Schrader -2 - - -
R. styliformis Brightw. - - 1 -1
Rouxia californica Perag. - - 2 - -
Stellarima microtrias (Ehr.) Hasle et P.A.Sims - - 1 -
Stephanopyxis schenckii Kanaya 2 - - - -
S. spp. + 3 - - -
Thalassionema hirosakiensis (Kanaya) Schrader - - 11 21 50
T. nitzschioides (Grunow) H. Perag. et Perag. (isopolar) 9 15 33 45 16
T. nitzschioides (Grunow) H. Perag. et Perag. (heteropolar) - - - - 12
Thalassiosira grunowii Akiba et Yanagisawa - - 1 - -
Total number of valves counted 100 100 100 100 100
Resting spore of Chaetoceros 37 22 60 75 19
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Appnendic table 2 Occurrence chart of diatoms in the Ooura section (B).

Diatom zones ? NPD5B

|
[o~]

U
o)
)

Sample number (OUR-) 01| 02

S
&)
(e
K|
O
Q|
S
N

(=]
[ore]

|
9
o0
|
(3]
~J|
|
[\=]
N
|
(3]
|

Original sample number (Sado-) 530[529

|
(3]
W)

Resistration number (GSJ R-)

103917
2| 103915

al 103914

Preservation
Abundance

% o 103913

al 103910

Actinocyclus ellipticus  Grunow

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

A. octonarius Ehrenberg

Actinoptychus senarius (Ehrenberg) Ehrenberg

—_
RS e

—

N 1A= 103912

—_

—

Aulacoseira spp.

Azpeitia endoi (Kanaya) Sims et Fryxell

A. vetustissima (Pantocsek) Sims

Cavitatus jouseanus (Sheshukova) Williams
C. miocenicus (Schrader) Akiba et Yanagisawa

Loz, R e 2 103916

P ST T NS I N

B A N (o]
W =N = O 00

V= = [

W
vl o = ,u]+(')C)103911 5\!8

G S S IV VN S I |

Cocconeis californica Grunow

C. vitrea Brun

Coscinodiscus marginatus Ehrenberg
C. spp.

Cladogramma dubium Lohman

—_
00 4

1 N \O
—_

W
'

Crucidenticula nicobarica (Grunow) Akiba et Yanagisawa
C. punctata (Schrader) Akiba et Yanagisawa
Delphineis surirella (Ehrenberg) Andrews
Denticulopsis cf. crassa Yanagisawa et Akiba - -
D. lauta (Bailey) Simonsen

o= O
v+
I N I

o mmwt D W= o | R

—

D. praedimorpha var. minor Yanagisawa et Akiba*
(Closed copula)
D. simonsenii Yanagisawa et Akiba
S-type girdle view of D. simonsenii  group
Eucampia sp.A (= Hemiaulus polymorphus Grunow)

W+ 4
—_

—

_
e

Goniothecium rogersii  Ehrenberg
Grammatophora  spp.

Hyalodiscus obsoletus ~ Sheshukova
Ikebea tenuis (Brun) Akiba

Koizumia adaroi (Azpeitia) Yanagisawa

[ SR S S o I\ J \SREN

o+ 4+

IR L e FEE SR A N

Mediaria splendida Sheshukova
M. splendida f. tenera Schrader
Melosira sol (Ehrenberg) Kiitzing
Nitzschia challengeri Schrader
N. grunowii Hasle

S o N i o e s
N

T 2 IR S = B S N e L e e R = ]

+

N. heteropolica Schrader
Odontella aurita (Lyngbye) Agardh -
Paralia sulcata (Ehrenberg) Cleve 13
Plagiogramma staurophorum (Gregory) Heiberg 1
Planifolia tribranchiata Ernissee 1 -

W [+ 4+

R =t =

R |+
!

S
TSI Y

Proboscia barboi (Brun) Jordan et Priddle -
Rhizosolenia miocenica Schrader -l -
R. styliformis  Brightwell + -
Stellarima microtrias (Ehrenberg) Hasle et Sims -
Stephanogonia hanzawae Kanaya

|
|

T s RN
+

+ 0 Wl

Stephanopyxis  spp. 3
Stictodiscus kittonianus Greville -
Thalassionema nitzschioides (Grunow) H. et M. Peragallo (isopolar) 28| 28
T. nitzschioides (Grunow) H. et M. Peragallo (heteropolar) -+
Thalassiosira grunowii ~ Akiba et Yanagisawa -l -

1 O\ Ww
— 0 N =+ N

N

o
= W+ N+

~
[V QSN

-+

Thalassiothrix longissima Cleve et Grunow - -
Triceratium condecorum Brightwell

+ =+

+

—
S
S
—
S
S
—
S
S

Total number of valves counted 100] 100 100

—
S
S

Resting spore of Chaetoceros 741100 94 71| 89 35

9%
W

*including D. praedimorpha var. prima Watanabe et Yanagisawa
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Appendix table 3 Occurrence chart of diatoms in western Ogi section (C).

Diatom zones

Denticulopsis praedimorpha Zone (NPD5B)

5B1

5B2

5B3

Sample number (OGW-)

01 02 03

04 05 06 07

08 09 10

11 12 13 14

Original sample number (Sado-)

476 477 478

479 480 481 482

483 474 475

464 459 461 460

Resistration number (GSJ R-)

Preservation
Abundance

2| 103867

o 103871

A | 103874
2| 103865

2| 103853

Actinocyclus ellipticus  Grunow

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

A. sp.A

Actinoptychus senarius (Ehrenberg) Ehrenberg

wn
2 o o 103873

IS

a2 103856

Aulacoseira spp.

Azpeitia endoi (Kanaya) Sims et Fryxell

A. vetustissima (Pantocsek) Sims

Cavitatus jouseanus (Sheshukova) Williams
C. miocenicus (Schrader) Akiba et Yanagisawa

—
o+ + o0

C | + || 103868

e 8 |=mE 103872

D | = > 103870

[ R o | SR e ]

—_
'

—
S IS SR

N
!

o s w0 Z| 103854

—_
wr o o |m

Cocconeis costata Gregory

C. vitrea Brun

Coscinodiscus marginatus Ehrenberg

Crucidenticula nicobarica (Grunow) Akiba et Yanagisawa
C. punctata (Schrader) Akiba et Yanagisawa

e I
—

—_
=)}
—
=N [+ W[\

[N T SR S & S =2
'
'

—

[ R

Delphineis surirella (Ehrenberg) Andrews

Denticulopsis crassa Yanagisawa et Akiba
(closed copula)

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

I

. 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

B e Fay R

[ e SO

[ e s el I
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=+ =W i |[—=coe . +|+

HESSN

—

I ISH \SRUTEE R P SR US I

[ s R Y

D-type girdle view of D. simonsenii group
Diploneis spp.
Eucampia sp.A (= Hemiaulus polymorphus Grunow)
Goniothecium rogersii  Ehrenberg
Grammatophora__spp.

[ KOS IR OS I
1w o

1|1 00

[ I | SRV SR
vt =B W

[ R

V= W
0
=

Lt ==

Hyalodiscus obsoletus  Sheshukova
Ikebea tenuis (Brun) Akiba

Koizumia adaroi  (Azpeitia) Yanagisawa
Mastogloia splendida (Greville) Cleve
Mediaria splendida Sheshukova

I T &
'

L= = —
'
'

M. splendida f. tenera Schrader
Melosira sol (Ehrenberg) Kiitzing
Nitzschia challengeri Schrader
N. grunowii Hasle

N. heteropolica Schrader

RS e

Odontella aurita (Lyngbye) Agardh

Paralia sulcata (Ehrenberg) Cleve
Plagiogramma staurophorum (Gregory) Heiberg
Planifolia tribranchiata  Ernissee

Proboscia alata (Brightwell) Sundstom

_
e A
+

[
—

—
—
-Pl|\l|>—‘||>—‘||||+>—‘|>—‘|||>—‘|OO>—‘+I\)||||>—‘||||+|w||l\)||OO|W"UIO3855
TN

P. barboi (Brun) Jordan et Priddle
Pseudodimerogramma elegans Schrader
P. elliptica Schrader

Rhizosolenia miocenica Schrader

R. styliformis Brightw.

[ |\

I e i T LS I

Rouxia californica Perag.

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

Stephanopyxis  spp.

Thalassionema hirosakiensis (Kanaya) Schrader

|>—‘|++|+||||||w|+|>—‘||||||+||+||||:||+++|>—‘+++||+|+||+|>—‘w|>QIO3869

T. nitzschioides (Grunow) H. et M. Peragallo (isopolar)

T. nitzschioides (Grunow) H. et M. Peragallo (heteropolar)
Thalassiosira grunowii Akiba et Yanagisawa

leptopus  (Grunow) Hasle et Fryxell

transitoria Tanimura
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—
[ \SIEN I (SRR I

|
|+ + 9 0 = [+ 4+

|
I I SV I
N
s

(o)
o= At = =

[9)]
o= [+
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cf. temperei (Brun) Akiba et Yanagisawa
yabei (Kanaya) Akiba et Yanagisawa
Spp-

Thalassiothrix longissima _Cleve et Grunow

NHNNNS

I
!
]

Triceratium condecorum Brightwell

+ -+

Total number of valves counted

100 100 100

100 100 100 100

100 100 100

100 100 100 100

Resting spore of Chaetoceros

54 46 26

18 70 55 &3

36 43 13

80 70 46 58
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Appendix table 4 Occurrence chart of diatoms in eastrn Ogi section (D).

Diatom zones

Denticulopsis praedimorpha Zone (NPD5B)
5B1 5B3

Sample number (OGE-)

01 02 03 04 05

06 07 08 09

10 11 12 13

Original sample number (Sado-)

488 487 486 485 484

773 472 &71 470

468 469 466 467

Resistration number (GSJ R-)

Preservation
Abundance

Ao 103879
> ) 103878
> ) 103877
> ) 103876

2| 103859
2| 103857

Actinocyclus ellipticus  Grunow

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

A. sp.A

Actinoptychus senarius (Ehrenberg) Ehrenberg
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-
-

O
—

. — o a2 103862

LS|

—

Aulacoseira spp.

Azpeitia endoi (Kanaya) Sims et Fryxell

A. vetustissima (Pantocsek) Sims

Cavitatus jouseanus (Sheshukova) Williams
C. miocenicus (Schrader) Akiba et Yanagisawa

O Q=N

T I JOS PN e

SRS O ISR TN ()

Cocconeis californica Grunow

C. vitrea Brun

Coscinodiscus marginatus Ehrenberg

Crucidenticula nicobarica (Grunow) Akiba et Yanagisawa
C. punctata (Schrader) Akiba et Yanagisawa
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[ S I T oo-lkw»—un\)wr-g103863
|+ o+ 4

e
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—_ |N|++|N>—‘,\]+Wg103860

Delphineis biseriata Andrews

Delphineis surirella (Ehrenberg) Andrews

Denticulopsis crassa Yanagisawa et Akiba
(closed copula)

Denticulopsis _hyalina (Schrader) Simonsen

+
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o=t et e | E| 103875

el wn g 103861

!
[ o s R Y

d+ 00+ v o+ ovoe | E| 103858

' '
[l |
o=t =

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

praedimorpha var. praedimorpha Barron ex Akiba
(Closed copula)

D. simonsenii Yanagisawa et Akiba

D.

I N o
I N o
I N o
v+ 4

B
—
—
—

—

D. vulgaris (Okuno) Yanagisawa et Akiba

S-type girdle view of D. simonsenii  group
Diploneis  spp.
Eucampia sp.A (= Hemiaulus polymorphus Grunow)
Goniothecium rogersii Ehrenberg
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Grammatophora — spp.
Hyalodiscus obsoletus ~ Sheshukova
Ikebea tenuis (Brun) Akiba
Mediaria splendida Sheshukova
Nitzschia challengeri Schrader

=+ 00|
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N =
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+
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N. grunowii Hasle

N. heteropolica Schrader

Odontella aurita (Lyngbye) Agardh
Paralia sulcata (Ehrenberg) Cleve
Proboscia alata (Brightwell) Sundstom

[ NI S o VR SR

P. barboi (Brun) Jordan et Priddle

P. praebarboi Schrader
Pseudodimerogramma elegans Schrader
P. elliptica Schrader

Rhizosolenia  miocenica Schrader

R I

o=l N+

+
:
e T e

ot = N ==

—
3
=+

=+ 0+

R. styliformis Brightwell

Rouxia californica Peragallo

Stellarima microtrias (Ehrenberg) Hasle et Sims
Stephanogonia hanzawae Kanaya
Stephanopyxis _spp.

SN I e
i [

|
|

LS

—_

Stictodiscus kittonianus Greville

Thalassionema hirosakiensis (Kanaya) Schrader

T. nitzschioides (Grunow) H. et M. Peragallo (isopolar)

T. nitzschioides (Grunow) H. et M. Peragallo (heteropolar)
Thalassiosira grunowii Akiba et Yanagisawa

o
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B CSNERVSE S F N
+

N
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N
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T. leptopus (Grunow) Hasle et Fryxell

T. praenidulus Akiba

T. transitoria Tanimura

T. yabei (Kanaya) Akiba et Yanagisawa
Thalassiothrix longissima _Cleve et Grunow

o+ | N+

|
|
TR N[ W

Triceratium condecorum Brightwell

Total number of valves counted

100 100 100 100 100

100 100 100 100

100 103 100 100

Resting spore of Chaetoceros

55 54 41 43 63

43 87 21112

16 40 34 38
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Plate 1 Diatom fossils from Ogi Peninsula, Sado Island

Scale bar A for Figs. 1-25 and scale bar B for Figs. 26-41.

1 Crucidenticula punctata (Schrader) Akiba et Yanagisawa [SH-01]

2-5 Crucidenticula nicobarica (Grunow) Akiba et Yanagisawa [2: OUR-07; 3, 4: OGE-05; 5: OUR-07]

6,7 Denticulopsis simonsenii Yanagisawa et Akiba [6: OUR-06; 7: OGE-10]

8,9 Denticulopsis vulgaris (Okuno) Yanagisawa et Akiba [OGE-08]

10, 11 Denticulopsis crassa Yanagisawa et Akiba [10: valve; 11: closed copula; OGW-01]

12,13 Denticulopsis hyalina (Schrader) Simonsen [12: SH-01; 13: SH-02]

14-22 Denticulopsis praedimorpha var. minor Yanagisawa et Akiba

[14, 15, 22: valve; 16: frustule; 17: valve with copulae; 18-21: closed copula;

14: OGW-03; 15: OUR-04; 16-19: OGW-10; 20: OGE-02; 21: OGE-13]

23,24 Denticulopsis praedimorpha var. praedimorpha Barron ex Akiba [23: closed copula; 24: valve; OGE-13]

25 Aulacoseira cf. hachiyaensis Tanaka [SH-01]

26 Thalassionema hirosakiensis (Kanaya) Schrader [OGE-13]

27-37 Thalassionema nitzschioides (Grunow) H. et M. Peragallo (heteropolar form)
[27,29-33, 35-37: OUR-04; 28: OUR-05; 34: OUR-07]

38-41 Thalassionema nitzschioides (Grunow) H. et M. Peragallo (isopolar form) [OUR-04]
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