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Abstract: The Miocene diatom biostratigraphy has been established for the Nomura and Tokonami
Formations in the Tsugawa area, Niigata Prefecture, Japan. The Nomura Formation is composed of
massive diatomaceous mudstone intercalating numerous tephra beds. The Tokonami Formation consists
of the lower sandy mudstone with fine to medium-grained sandstone beds, and the upper very fine to
fine-grained sandstone and cross-bedded coarse-grained sandstone. The Nomura Formation is correlative
with Neogene North Pacific diatom zones NPD5B through NPD7A, and estimated ca 13 Ma to 6.4 Ma
in age. In the lower to middle part of the Tokonami Formation, the latest Miocene diatom subzone
NPD7Ba is recognized. The upper part of the formation is not datable because of the paucity of age-
diagnostic diatoms, but the top of the Tokonami Formation may be below the Miocene / Pliocene
boundary. The Nomura and Tokonami formations are correlated to the Teradomari Stage.

Keywords: diatom biostratigraphy, Miocene, Neogene, Nomura Formation, Tokonami Formation,
Tsugawa, Niigata, Japan
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Map showing the Tsugawa area, Niigata Prefecture.
Geographic maps are “Tsugawa” and “Mikaguradake”
(1/50,000 in scale) by Geographical Survey of Japan.
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Fig. 2 Stratigraphy of the Neogene sequence in the Tsugawa

area (Kobayashi and Tateishi, 1992).
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Fig. 3 Stratigraphic distribution of selected marker diatom taxa in the Nonaka stratigraphic section.
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Appendix fig. 1 Columnar sections of the Nonaka stratigraphic section.
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Appendix table 1

Occurrence chart of diatoms in the Nonaka section. Plus indicates species

encountered after the routine count, or species found as fragments. Preservation, G:
good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare.

@ Scctions (Nonaka)

(1 3] [1 5 03

Diatom zones

Thalassionema schiraderi Zone (NPD 6B)

Sample number (Nnd-) 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
Original sample number (Tsung-) 47 46 45 44 48 49 50 51 52 53 54 55 56 57 58
Preservation PPPPGPPPPPPPPPFP
Abundance R R R CCURUCRIRIRIRIRRAR
Actinocyelus ellipticus Grunow e 1 L
A. ingens f. ingens (Rattray) Whiting et Schrader 5 T = = o o2 1 B o= | = os= k18
A. ingens f. nodus (Baldauf) Whiting et Schrader B o3 W oEY BT @ B @ oM e & WU e @ @
A. octonarius Ehrenberg ST T T T N A VTR (S
A, sp A - - - - 4 5 6 - - 315 -1
Actinopivehus senarius (Ehrenberg) Ehrenberg 7 1210 8 1 10 11 12 14 20 5/ 12 17 2 2
Adoneis pacifica  Andrews | - - - N
Arachnoidiscus  spp. e .
Azpeitia nodulifera (Schmidt) Fryxell et Sims g m [ s B s om o owm = e oom o

Cavitatus jouseanus (Sheshukova) Williams + - o+ -+ o+ o+ - = = = - - e -
C. miocenicus (Schrader) Akiba et Yanagisawa I - - - - + + + 1 - 2 - o+ - o+
Cocconeis spp. 1 + 4 - - - 2 - - 3 211 - - 4+
Coscinodiscus  marginatus Ehrenberg 29 9 4 2 433 10 7 11 32 12/28 9 3 4
C. spp. - 22 - - - - = 2 2
Delphineis surirella (Ehrenberg) Andrews - = = = = - -1 - - = - - -
Denticulopsis hyalina (Schrader) Simonsen wi = = I % = owm o= oo = =] e o = =
Diploneis  spp. 2 -1 + - 3 - - - =21 1 2 2
Grammatophora  spp. S A PO S T | - T
Hyalodiscus obsoletus  Sheshukova o oo = 3B s =14 A6 L a1
Melosira sol  (Ehrenberg) Kiitzing T T oG] & & | .
Navicula  spp. . = o o= o= I = = @ o == = 2
Nitzschia cf. porteri Schrader e e e
Paralia sulcata (Ehrenberg) Cleve 17 6 12 34 58 18 28 14 2 8 33 35 26 27 11
Proboscia alata (Brightwell) Sundstém T E |
P. barboi  (Brun) Jordan et Priddle 1510 5 + 3 5 9 3 620 8 411 7 49
Rhaphoneis  amphiceros Ehrenberg - - =t = = I = = = = id = =
Rhize ia  heb f. hi lis Gran 1] - - - - - = - 1 2 - - 2 -1
Rouxia  californica Peragallo - = = 4+ = = - =1 - <1 4+ - -
Stellarima microtrias  (Ehrenberg) Hasle et Sims 8 33 30 31 13 3 4 617 3 5 - 1 1 -
Stephanopyxis  spp. -1 - -1 31 - - -1/ - 2 -1
Thalassionema cf. hirosakiensis  (Kanaya) Schrader e T | Ry
T. nirzschioides (Grunow) H. ¢t M. Peragallo 9 718 12 7 521 28 28 3 18 4 14 10 8
T. schraderi Akiba 1 + + 3 + 2 2 - 1 - 3 3 1 11
Thalassiosira leptopus  (Grunow) Hasle et Fryxell 4 & m oE e om0 D D 5| (| s o=
T. manifesta  Sheshukova w @ w1 s @ m mhosar a =l wn s Y o
T. temperei (Brun) Akiba et Yanagisawa - - - - =11 2 - - %+ 1 7 5 6 -
T. sp.A - -1 - - -1 1 - < = - - =
T. sp.B 4 6 4 2 - 1 1 1 6 - - - - - -
T. spp. - e e
Actinocyelus sp. (large, undulated) . S |
Aulacoseira spp. - - - 11 -1 -1 - 11 -18 5
Mesodyetion 7 sp. s s om 1 OB = s mnomm om =] wmn stidE §
Total number of valves counted 100 100 100 100 100 100 100 100 100 100 100100 100 100 100
Resting spore of Chaetoceros 12 21 66 45 15 10 15 45 24 84 33 19 7 26 16
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Appendix table 2 Occurrence chart of diatoms in the Hiraborigawa section. Plus indicates species encountered after the
routine count, or species found as fragments. Preservation, G: good, M: moderate, P: poor. Abundance, A:
abundant, C: common, R: rare.

@Sections (Hiraborigawa)

@2

@3

a1

Diatom zone (NPD)

Rouwxia californica Zone (NPD TA)

Sample number (Hid-)

02

03

04

05

06 07

08

09

10

11

12

13

14

15

16

17 18

22

23

24 25

26 27

Original sample number (Tsung-)

167

168

169

170

171 172

176

174 173

175

197

196

194

177

178

179 180

181

191 192

185 186

187 188

Preservation
Abund:

P
C

P
R

P
C

P

P

P
C

P
c

Actinocyclus  sp.

Actinoptychus senarius (Ehrenberg) Ehrenberg
A. vulgaris Schmann

Adoneis pacifica Andrews

Arachnoidiscus spp.

Azpeitia vewstissima (Pantocsek) Sims
Cavitarus jouseanus (Sheshukova) Williams

C. linearis (Sheshukova) Akiba et Yanagi

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

C. costata Gregory

C. curviritunda Brun et Tempére

C. scutellum Ehrenberg

C. vitrea Brun

Coscinodiscus marginatus Ehrenberg

C. radiatus Ehrenberg

C. spp.

Cladogramma dubium Lohman

Clavicula polymorpha Grunow et Pantocsek
Delphineis surirella (Ehrenberg) Andrews
Diploneis bombus Ehrenberg

D. smithii (Brébisson) Cleve
Eucampia  sp. A

Grammatophora  spp.

Hyalodiscus obsoletus Sheshukova

Masiogloia splendida (Greville) Cleve

Melosir sol  (Ehrenberg) Kiltzing

Navicula spp.

Nitzschia grunowii  Hasle

N. pliocena (Brun) Merz

N. rolandii Schrader emend. Koizumi

N. suikoensis Koizumi

N. sp. (small)

Odontella aurita (Lyngbye) Agardh

Paralia sulcata (Ehrenberg) Cleve
Plagiogramma stauraphorum (Gregory) Heiberg
Proboscia barboi  (Brun) Jordan et Priddle
Rhaphoneis amphiceros Ehrenberg

Rhizosolenia heb f. hiemalis Gran

R.  swyliformis  Brightwell

Rouxia californica Peragallo

Stellarima microtrias (Ehrenberg) Hasle et Sims
Stephanopyxis spp.

Thalassionema hirosakiensis (Kanaya) Schrader
T. nitzschivides (Grunow) H. et M. Peragallo
T. cf robusta Schrader

Thalassiosira  antiqua (Grunow) Cleve-Euler
. leptopus (Grunow) Hasle et Fryxell

. manifesta Sheshukova

marujamica Sheshukova

minutissima Oreshkina

niculus

. opposita Koizumi

singularis Sheshukova

temperei (Brun) Akiba et Yanagisawa

sp. B
sp.C

X issima Cleve et Grunow
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Appendix table 3 Occurrence chart of diatoms in the Fukazawagawa section. Plus indicates species encountered after the routine count, or
species found as fragments. Preservation, G: good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare.

@Sections (Fukazawagawa-) [ 8] 92 [

Diatom zones NPD 7A NPD 7A | NPD 7Ba

Diatom bichorizons D;:"S D75

Sample ber (Fkd-) 05
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S S I I A N o o T ko L B
L= fe31 [

B E
L | omld12
el m o 414
. |m ld23
NEE"
Vo= = ey = ol ]432(3)
REE L ks
o o435 |2
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C. spp. -3 - -
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Appendix table 4 Occurrence chart of diatoms in the Ubadogawa section. Plus indicates species encountered after the routine
count, or species found as fragments. Preservation, G: good, M: moderate, P: poor. Abundance, A: abundant, C:

common, R: rare.
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Plate 1

Fossil diatoms of the Nomura and Tokonami Formations.

Scale bars equal 10 um (Scale A for figs. 1-3 and scale B for figs. 4-19).
1: Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa [Fkd17]
2, 3: Nitzschia rolandii Schrader emended Koizumi [Fkd17]

4, 5: Nitzschia pliocena (Brun) Merz [Hid11]

6: Thalassiosisra jacksonii Koizumi et Barron [Fkd17]

7: Thalassiosira temperei (Brun) Akiba et Yanagisawa [Hid26]

8: Thalassiosisra opposita Koizumi [Fkd18]

9: Thalassiosira antiqua (Grunow) Cleve-Euler [Fkd27]

10: Thalassiosira singularis Sheshukova [Hid11]

11: Mesodyction ? sp. [Fkd17]

12: Proboscia barboi (Brun) Jordan et Priddle [Hid25]

13: Cavitatus linearis (Sheshukova) Akiba et Yanagisawa [Hid23]

14: Cyclotella sp. [Fkd26]

15: Cyclotella sp. [Fkd17]

16: Actinocyclus sp. A [Hid26]

17: Thalassiosira marujamica Sheshukova [Fkd03]

18: Thalassiosira opposita Koizumi [Fkd18]

19: Thalassionema sp. (lanceolate form) [Fkd01]
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