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paleoenvironment of the Pliocene formations around Umikawa River in [toigawa City, Niigata
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Abstract: Marine Pliocene deposits around the Umikawa River in Itoigawa City, Niigata Prefecture
consists of the Kawazume and Nadachi Formations in ascending order. Diatom biostrati-graphy indi-
cates that the lower part of the Nadachi Formation is assigned to the subzone NPD 7Bb (early Pliocene),
while the upper part of this formation can be correlative with the zones NPD 8 and NPD 9 (late
Piocene). In the molluscan faunas of the Kawazume and Nadachi Formations, the following seven
associations were recognized; the upper bathyal to lower sublittoral Conc/hocele-Solemya, Acila-
Lucinoma, Conchocele, Portlandia, Macoma-Axinopsida associations, and the lower sublittoral 4c//a,
Ophiodermella-Turritella associations. Based on the characteristics of these molluscan associations,
the Umikawa area was placed in the upper bathyal to lower sublittoral zones during the Pliocene age.

Keywords: Mollusca, paleoenvironment, Neogene, Umikawa, Itoigawa, Niigata, Japan
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Fig. 1 Geological map of the Umikawa area.
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Fig. 2 Map showing locations of diatom samples. Topographic maps “Itoigawa” and “Kotaki” (1:50,000
in scale) by Geographical Institute of Japan. KL01-09: the lower Kawazume Formation, KUO1-
07: the upper Kawazume Formation, NLEQ1-16: the lower Nadachi Formation (eastern area),
NLWO1-17: the lower Nadachi Formation (western area), NU01-08: the upper Nadachi Forma-
tion. Samples denoted by closed circle contain diatoms, but others are barren of diatom.
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Table 1 Fossil diatoms from the Nadachi Formation of the Umikawa area.

Formation (NL:lower Nadachi F., NU: upper Nadachi F.) NL NL NL NL NL| NU NU NU NU

Sample number NLW NLW NLW NLW NLW NU NU NU

Diatom zones (NPD) 7Bb

Preservation
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R

NU

12 13 17 15 16| 01
8

M

R

1

—|= o|e|&
A’?UZ\D-;?
AWZ\D%

M
R
5

Actinocyclus curvatulus Janisch

A. ingens f. nodus (Baldauf) Whiting et Schrader
A. octonarius Ehrenberg

Actinoptychus senarius (Ehrenberg) Ehrenberg
Aulacoseira spp. - 1 2 1 - -

!
!
~
—
w

>
P

Abundance R
1
1
1
4

_.
I~
—_
=)
—_
o
W o= =,

MWZ\DS

—_—

(NS UL R R ]

Azpeitia nodulifera (Schmidt) Fryxell et Sims - - - - 2 - -
Cocconeis californica Grunow - - - - - - -
C. costata Gregory - 1 - - - - - N
C. curviritunda Brun et Temper e
C. scutellum Ehrenberg

'
—_ N+ N =

Coscinodiscus marginatus Ehrenberg
C. radiatus Ehrenberg

C. spp. - - - 1 - - - -
Cladogramma dubium Lohman - - - - -

1
2
C. vitrea Brun 5 1 - - - _ _ N
3
1

—_ = =

Clavicula polymorpha Grunow et Pantocsek - - - + -
Cyclotella striata (Kut zing) Grunow - - - - 1
Cyclotella spp. - - - - -
Delphineis surirella (Ehrenberg) Andrews - -
Diploneis spp. 7 7

wo
[
—
N

+
—|ro =
—_

\

()
.
ST
o
N+ +

1
+
Grammatophora spp. - + 2
Hyalodiscus obsoletus Sheshukova - 5 1
Koizumia tatsunokuchiensis (Koizumi) Yanagisawa - - -
Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa - - 1 - + 3
N. koizumii Akiba et Yanagisawa - - - -

.
+ o+

N. seminae (Simonsen et Kayana) Akiba et Yanagisawa - - - -
open copula of Neodenticula - - - -
closed copula of Neodenticula - - - - -

Nitzschia cf. extincta Kozurenko et Sheshukova - - - - 1

N. grunowii Hasle - - - - - - -3 -

+ .
.
i
T4+ o+ o=

+
—
'

Odontella aurita (Lyngbye) Agardh - - - 1 - - - - -
Paralia sulcata (Ehrenberg) Cleve 53 70 56 38 41| 45 39 13 25
Plagiogramma staurophorum (Gregory) Heiberg 1 1 - - - - - -
Proboscia barboi (Brun) Jordan et Priddle 3 2 - - 1 + - 2 1
Rhizosolenia styliformis Brightwell - - - - 2 - 2 -

Stellarima microtrias (Ehrenberg) Hasle et Sims - - - - -
Stephanopyxis spp. - - 11 3 2
Thalassionema nitzschioides (Grunow) H. et M. Peragallo 14 7 20 27 21
T. nitzschioides var. parva Heiden et Kolbe - - 1 - +
Thalassiosira antiqua (Grunow) Cleve-Euler 1 - + - 6

—_

25 48 27

D+ o=
'
+

T. convexa var. aspinosa Schrader - - - - -
T. eccentrica (Ehrenberg) Cleve - - - - -
T. leptopus (Grunow) Hasle et Fryxell - - - 1 -
T. oestrupii (Ostenfeld) Proshkina-Labrenko s. 1. - - - - 1
T. trifulta Fryxell - - - - -

—
-

[SS)
NS | Y e

[SS
'
'

L3S}
'
'

T. zabelinae Jouse - - - - -
T. spp. 2 - - 2 1 1 - -
Thalassiothrix longissima Cleve et Grunow + 1 1 - 1 - - -
Misceraneous 1 - - - - 2 + - -

+ 5 ===,

Total number of valves counted 100 100 100 100 100 | 100 100 100 100

Resting spore of Chaetoceros 9 33 19 16 13| 21 16 65 182
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Fig. 3  Diatom biostratigraphy of the Pliocene sequences in the Umikawa
area. Diatom sample localities and column numbers are referred

to Figs. 2 and 4, respectively.
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Fig. 4 Map showing localities of molluscan fossils and stratigraphic
sections in Figs. 5, 6 and Tables 2, 3, 4, 5.
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Table 2 Fossil molluscs from the Kawazume Formation of the Umikawa

area. Numbers indicate the number of specimens.

Species Locality number 1 2 3 33 34 36
Solemya (Acharax ') tokunagai Yokoyama 0 - - -/ - - -
S. sp. I - - - -
Acila (Truncacila ) nakazimai Otuka =37 - -] -1
A. ?sp. - -1 - -

A. sp. - -2 - -
Ennucula ? sp. R B
Nuculana (Nuculana ) pernula (Miiller) -2 - - -
N. (Thestyleda ) yokoyamai (Kuroda) - -] - -
Portlandia (Portlandella ) lischkei (Smith) - -3 - - -
P. (P.)cf. lischkei (Smith) -2 - - -
P. (P.) toyamaensis (Kuroda) r - - -] - -
P. (Megayoldia ) thraciaeformis (Storer) - - - -1 -
P. ?sp. - - - -2 -
Lucinoma acutilineatum (Conrad) 6 7 - -|- -
L. sp. I Y
L. ?sp. - -1 -] - -
Conchocele bisecta (Conrad) 185 - - -
C. sp. - -1 -3 6
C. 7 sp. - - -1 -
Chama sp. -1 - -
Macoma (Macoma) calcarea (Gmelin) - - -6 - -
M. (M) cf. nipponica (Tokunaga) - - -
M . sp. -1 - - -
M. ? sp. 1 - - -
Cardiomya aff. reticulata (Kuroda) -1 - - -
Euspira pallida (Broderip and Sowerby) 2 - - - -
E. sp. 1 - - -
C. cf. janthostoma (Deshayes) 1 - - -
C. sp. - - -l -
C. ?sp. 2 - - - -
Naticidae? gen indet -1 -l - -
Boreoscala sp. 1 - - -
Japelion cf. pericochlion (Schrenk) - - - -
Clinopegm ? sp. 1 - - - -
Neptunea (Neptunea ) intersculpta (Sowerby) -1 - - -
Buccinum cf.unuscarinatum Tiba - - -1 -
B. sp. 73 - - -
Buccinidae gen. et sp. indet. -2 - -
Admete ? sp. -2 -l - -
Rectiplanes sanctiioannis (Smith) 1 - - - -

i U, Liocyma ? sp., Turritella saishuensis subsp.
indet. A B4 5 Z & 25 E ¥ 5.

KL L oSk @ E > L b (Loc.16) 1278
oMb Ophiodermella-Turritella #4813,
Ophiodermella ogurana, Turritella saishuensis
saishuensis &% U, Cryptonatica clausa, Mohnia
yvanamii, Ennucula niponica, Antiplanes contraria,
Ophiodermella miyatensis<: % ¥ > .

FREOH R TFER L EEBIC R S 4 B 2T SRR -
BRSO KM 5, Matsui (1985, 1990) @ F
g O Acila-TurritellaBf 812504 5 .

A3 BMEDERRELEHKROEE
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Higo et al. (1999) 1233 W Tkigf L 7=, MHEHh DT X
TOBRAFMPAA B TE M HPH 2 Hmd: BRE &
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J& D Conchocele-Solemyatf 313 K% 100 m ~ 400 m,
Acila-Lucinomatf#:137K% 100 m ~ 300 m (2584 5
WIEWRD 6Nz, 72, LG FiEl o Portlandialf
HATKFEL100 m~ 450 miIcHEEBEE N H 5. HIC
5L 8D Macoma-Axinopsidatf 813 K40 m ~
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Table 3  Fossil bivalves from the Nadachi Formation of the Umikawa area. Numbers indicate the number of specimens.

Species Locality number

O

10 11 12 13 14

1517 18 19 20

21 22 23 24 25

26 27 28 29 30

31323516

Solemya (Acharax ) tokunagai Yokoyama R IR [ .
Acila (Truncacila) nakazimai Otuka - - - - - -6 - - e e e L
A.(T.) cf. insignis (Gould) - - - - A2 - - - !
A.(T.) sp. I - -1 - - - - - ! !
A. 7 sp. R T 1 e
Ennucula niponica (Smith) - - - - -9 - - ! ]
E. cf. niponica (Smith) - - - - 13 - - - e
E. sp. - - - - - -2 - 4 R ] R BT S BN
E. ?sp. -3 - - -3 1 e
Nuculidae gen et sp. indet. e I e e
Bathymalletia inermis (Yokoyama) R Y T
B. cf.inermis (Yokoyama) - - =2 e - - - - !
Nuculana (Nuculana) pernula (Miller) LRI T R e L HC T P
N. (N.) onoyamai Otuka - - - - -2 -6 e
N. (Thestyleda ) yokoyamai (Kuroda) I B e e R
Robaia robai (Kuroda) - - -1 - - -2 e I T [ R
R. ?sp. B e e
Yoldia sp. B e I B e L
Portlandia (Portlandella ) toyamaensis (Kuroda) - - =22 - - -3 e ! e I T
P. (P.) cf. toyamaensis (Kuroda) R B e
P. (Megayoldia) thraciaeformis (Storer) R ] IR B L
P. (M. ) cf. thraciaeformis (Storer) R I | )
P. sp. -3 - - s - - O R B I
P. ?sp. R ] I e
Anadara (Anadara ) cf. amicula (Yokoyama) - - =2 - e - e
A. sp. ST R R T T R I R I A R I
Glycymeris (Glycymeris) yessoensis (Sowerby) - - =2 - - - - - !
G. sp. - - - R e T I
G. 7 sp. - - - =2 - - - e
Limopsis ? sp. R e T e
Crenella yokoyamai Nomura [ L | e
Chlamys sp. R e I 1 S
C. ?sp. R ] I T
Delectopecten peckhami (Gabb) R T I L e
Mizuhopecten tryblium (Y okoyama) I I R e
M. cf. yamasakii (Yokoyama) B !
Yabepecten tokunagai (Yokoyama) R ] I e
Pectinidae gen et sp. indet. ] e
Anomia ?  sp. R i . S
Crassostrea gigas (Thunberg) ] I i e |
Lucinoma acutilineatum (Conrad) e [ | S )
L. ? sp. - - - A - - -1 e
Conchocele bisecta (Conrad) =125 B -1 - -4 -1 - - - - - -16 -] 625 - -
C. sp. 2 -7 - - - - - - - - - - - 24137 - -1 - -2 -
C. ? sp. B ! 1 e
Thyasira sp. - - =20 - - - - o L
Axinopsida subquadrata (A. Adams) - - - - o =13 -2 e !
Felaniella usta (Gould) R - T NI !
Cyclocardia cf. ferruginea (Clessin) B e | e
C. sp. R R | I B
C. ?sp. R | o e
Tridonta bennettii (Dall) P | . - e
T. ?sp. B e . | e
Clinocardium  sp. - - =2 - -1 - - e
Cardiidae gen. et sp. indet. e L | ! e |
Spisula sp. I ] e
Macoma (Macoma ) calcarea (Gmelin) - - - - o =28 - - S [ T
M. (M.) cf. calcarea (Gmelin) -2 -4 - - - - - e
M. (M.) nipponica (Tokunaga) R T e !
M. sp. - -1 - - - - -3 R BT B I
M. ? sp. [ . e
Calyptogena cf. pacifica Dall T I e e I
Securella sp. S ] T I e BT
S. ?sp. R T § e
Liocyma ? sp. -0 - - o - - - - L
Mya sp. R i T el
Periploma plane Ozaki P o
JE ! S o

P. sp.
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Table 4 Fossil gastropods and scaphopods from the Nadachi Formation of the Umikawa area. Numbers indicate the number of specimens.

Species Locality number S5 6 8 910[11 12 13 14 15[17 19 20 21 22|26 28 29 31 16
Punctrella (Punctrella) cf. nobilis Adams I e T .
Homalopoma ? sp. e e e
Turritella (Neohaustator) saishuensis motidukii Otuka o
T.s. (N.) saishuensis Yokoyama ] IR B I 1 |
T. (N.) subsp. indet. e | I
Alvania sp. 10 - - o - - - - - - - - - - - o
Glossaulax sp. - e |
Cryptonatica clausa (Broderip and Sowerby) - 55 - - - - - - - - Al -2 - -20
C. sp. - - -1 - - - - - -3 e - e -
C. ? sp. | B - - -1 T
Naticidae gen. et sp. indet. I - - - < - -2 - <3 -4 -1 - - - - -
Boreoscala sp. e e L |
Boreotrophon cf. solitarius (Yokoyama) ! ! I
Mitrella cf. bicincta Gould e I
Ancistrolepis cf. masudaensis Nomura e e L |
Mohnia yanamii (Yokoyama) ! T
M. sp. T I T I I T
Plicifusus sp. S
Neptunea sp. e e e
Phos cf. iwakianus (Yokoyama) e o
Buccinum unuscarinatum Tiba T N T
B. aff. rhodium Dall e e e
B. sp. - -1 - - - =--1---=---- - -4
B. 7sp. e e e e |
Buccinidae gen. et sp. indet. e [
Cancellaria sp. ! )
Neadmete sp. T
Suavodrillia declivis (v. Martens) e e |
Antiplanes contraria (Yokoyama) e e e L (0]
Ophiodermella ogurana (Yokoyama) e e 11}
O. miyatensis (Yokoyama) T L Y
Propebela yokoyamai (Onoyama) e e L |
P. sp. e e | I I T
Turridae gen. et sp. indet. e e
Turbonilla_sp. -1 - - - - - ! -
Laevidentalium sp. -9 1 - 2/18 1 8 2 2| -3 -3 - -2 - -3
Mot OO EENER A TF 10 ARD 5 h 3 LIRS “@Jlli{ﬁié}io)ﬂl?n’%k%jlgﬁﬁkf;&ﬁ%ftﬁﬁ%@@
Y X — - Xl g
(Loc.7. 10, 15, 21. 24, 26, 27, 28, 31, 32). R RO ZAE IS G ® B R H ORI,
ZD5% , Loc. 7, 24, 26,27, 31, 32Tl Conchocele Table 5 Specws diversity and.protobranch species rgtlo to the total
bivalves of the fossil molluscan associations from the
bisecta, C. sp. i L, Loc. 10, 28 Tl Ennucula cf. Kawazume and Nadachi Formations in the Umikawa area.
niponica, E. niponica, Loc. 15 CiX Bathymalletia, Molluscan associations L N S R PR BS PR/BS
inermis, Loc. 21 Tl Robaia robai & \» > 72 JF i H — 1% Conchocele-Solemya T 51 12 643 3 6 030
H2E$ 2%, Zh 6 O Conchocele bisecta’sK Acila-Lucinoma 2 68 17 874 3 8 038
W4 ~1,400 m , Ennucula niponica’?*40~1,460 m , Conchocele 6 56 10 5.15 2 6 033
Robaia robai» 100~ 335 m , Bathymalletialg i 50~ Portlandia 35 32 4199 3 4 075
3,000 m IZ/EE U (Higo et al.,, 1999) , Ll O BEsE» fajoma-flxinopsida ; 83 13 gfi ? 1(3) ggg
el L SRR R A . R S A = e cila 7 S 2 :
B RF D AT RS - T £ S ORI OphiodermellaTurritella_16 166 22 946 2 8 023
EFE LA, L: pEd, N: AR S: MEL R FZ RN, PR: S E AE, BS: A

LB U 7= B ORI & B E DR o A (351X A
5, JIGERE 2 & %L JE P EAHER L 72 41120, W)l
i EERR W - PERIBH OHKETHD . A
g BESASHERT U 22, HERDG A T RN &
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LEGEND
PR/BS Recent thanatocoenosis
W35 O 0-20 m depth
0.7 © 20-60 m depth
A 60-120 m depth
O 120-250 m depth
0.6 O @11
Fossil associations from
the Umikawa area
O
@ Conchocele-Solemya Assocaition
0.5 @1 L
Acila-Lucinoma Association
@ Conchocele Association
B Portlandia Association
0.47 2 € Macoma-Axinopsida Association
6 A Acila Assoication
A2 otm U A Ophiodermella-Turritella Association
0.37] (Number shows localities)
A
Al
60O N
0.2 © 6 ©
; A
O O
ﬁ A
© © AA
0.1
7 & 2 o
@(38 ©
© ©
0.0 © © © Oo—=C S| ©o & | R
1 10 100
6K BRI & I PE LA O RPR/BS X4 7 7' 5 &, BUEEBEN O M0, @k -t (1977)

Tsuchi (1959, 1960, 1966) X UM% (1978) 12365 <.

R-PR/BS diagram showing the structure of the modern thanatocoenoses and the fossil associations from Umikawa area. The

Fig. 6

data of modern thanatocoenoses are based on Takayasu and Yunohara (1977), Tsuchi (1959, 1960, 1966) and Ito (1978).
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Plate 1 Molluscan fossils from the Kawazume and Nadachi Formations in the Umikawa area. L: shell length, H: shell height.

1. Portlandia (Portlandella) toyamaensis (Kuroda), L = 15.4mm, Loc. 1, Kawazume Formation.

2. Cardiomya aff. reticulata (Kuroda), L= 17.7mm, Loc. 2, Kawazume Formation.

3. Acila (Truncacitla) nakazimai Otuka, L= 20.5mm, Loc. 2, Kawazume Formation.

4. Solemya (Acharax) tokunagari Yokoyama, L= 81.2mm, Loc. 1, Kawazume Formation.

5. Bathymalletia inermis (Yokoyama), L= 21.8mm, Loc. 15, Nadachi Formation.

6. Macoma (Macoma) calcarea (Gmelin), L=27.1mm, Loc. 11, Nadachi Formation.

7. Lucinoma acutilineatum (Conrad), L= 42.9mm, Loc. 1, Kawazume Formation.

8. Japelion cf. pericochlion (Schrenck), H = 60.0mm+, Loc. 1, Kawazume Formation.

9. Turritella (Neohaustator) saishuensis motidufii Otuka, H= 24.6mm, Loc. 8, Nadachi Formation.
10. Glvcymeris (Glycymeris) yessoensis (Sowerby), L=29.1mm, Loc. 8, Nadachi Formation.

11, 12. Conchocele bisecta (Conrad); 11, L=34.0mm, Loc. 1; 12, L= 43.4mm, Loc. 2; Kawazume Formation.
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