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Middle Miocene ostracods from the Omori Formation, [zumo City, Southwest Japan
- Its implications for paleoenvironment of the Proto-Japan Sea -*

TANAKA Gengo**

Abstract  Ostracods from the Omori Formation in Sugesawa (Izumo City, Shimane Prefecture) comprise 42
species belonging to 26 genera. Five new species, Cytherapteron shimanense, Loxoconcha izumoensis, Paradoxostoma
yakumotatsunus, Schizocythere sakanouei and Urocythereis sugesawensis are described. Two ostracod assemblages
(Ambostracon-Argilloecia-Cytherapteron assemblage and Paijenborchella-Palmoconcha- Urocythereis pohangensis
assemblage) are recognized. These assemblages indicate that the uppermost of the Omori Formation was deposited
under the environments from cool to warm open sublittoral condition. Principal components analysis of ostracod
assemblages from the Omori and Fujina Formations indicates that, in general, the depositional environment

becomes deeper and deeper towards the upper horizon.
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Introduction

The Japan Sea is a semienclosed marginal sea located be-
tween the Japanese Islands and the Asian continent. It was
formed as a result of back-arc spreading prior to early Middle
Miocene time. Since then, the Japan Sea has experienced
regional tectonics and records global climatic changes. There-
fore, the Japan Sea and its adjacent area can be regarded as an
ideal experimental field for the study of the geohistorical
change of the marginal sea.

Exposures of Miocene marine sediments are sporadically
distributed in San’in district and contain mega- and micro-
fossils. Those fossils have great potential for improving our
understanding of the paleoenvironmental condition of the
Miocene Proto-Japan Sea. Particularly, ostracods are useful
in paleoenvironmental studies because many species have
geographic and/or bathymetric distributions limited by the
living conditions (e.g. bottom water temperature, salinity, sedi-
ment and so on). The paleogeographic position of the San’in
district, placed near the Tsushima Straits since early Middle
Miocene, therefore, also finds importance in the reconstruc-
tion of the paleoenvironmental condition of the Proto-Japan
Sea. With the exception of the study by Tanaka et al. (2002},
Miocene Ostracods are unkonwn from San’in districts.

This work is intended to describe some of the Miocene os-
tracods and to discuss the paleoenvironmental condition of
the southwest part of the Proto-Japan Sea using a quantitative
analysis.

Geological Setting of the Omori Formation

The Omori Formation was named by Tomita and Sakai
(1937) as a part of the Omori Series. This formation covers
over 50 km along the southern part of the Shinji Lowland and
is about 750 m in maximum thickness (Fig. 1). The Omori
Formation unconformably overlies the Kuri Formation, and
is composed of subaerial to shallow-water andesite lava in
the lower part and rhyolitic pumice tuff, shallow marine andes-
itic conglomerate and sandstone in the upper part (Kano et al.
1991, 1994). The Omori Formation is conformably overlain
by the Fujina Formation. The two-pyroxene andesite of the
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Fig. 1. Summary of the geology of the study area. Stratigraphy and
depositional environment compiled after Kano et al. (1991, 1994).
Radiometric ages are based on Kano and Yoshida (1984), Kano and
Nakano (1985) and Kano et al. (1994). Planktonic foraminifer zone
(P. F.) came from Nomura and Maiya (1984).
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Omori Formation was dated at 13.9£0.7 Ma and 14.6+0.5
Ma by the K-Ar method (Kano and Yoshida 1984 ; Kano et
al. 1994).

Material and methods

Thirteen microfossil samples were collected from the out-
crop at Sugesawa in Izumo City, Shimane Prefecture (Figs. 2
and 3). Six of them came from the tuffaceous bluish gray
very fine sandstone and seven samples from the tuffaceous

greenish dark gray very fine sandstone (Fig. 3). Between 80

- p— : Paid . e dry sedi o ore

5 B S et Fn A to 1,040 grams of dry sediment were disaggregated by the
o 2 ot &%%&%%.g;w.u;; naphtha method for rock maceration (Maiya and Inoue 1973),
5| [l Arcestic ut SR washing through a 235 mesh (63 /£ m) sieve, and drying again.

¢

) Py . . .
BR conglomerate R This procedure was repeated until the whole sediment sample
Il Aoesie Gt aaca e was disintegrated. A fraction coarser than 120 mesh (125
Constructing a Ui "2? ';‘hl § " : - : .
dralnage canal 46 Nl ¢« m) sieve was sieved and all the ostracod specimens present

T were picked. Some of these specimens were examined with
Japan Sea ‘ aJEOL JSM-5600LV scanning electron microscope (Shizuoka

University) operated at 15 kV.

Fig. 2. Geologic sketch map with the study area (after Kano et al. 1991)
and topographic map showing locations of sections of the Omori Formation
measured along the constructing site of a Hii-kawa drainage canal (broken
lines)(a part of topographic map “Izumo-imaichi”, 1: 25,000 scale,
Geographical Survey Institute of Japan).
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Fig. 3. Schematic sketch of the outcrop of the study area, and photographs which show the lithologic boundary. GFS = tuffaceous greenish dark
gray very fine sandstone. BFS = tuffaceous bluish gray very fine sandstone. GCS = greenish gray coarse sandstone with pebble.
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SGO1 SGO2 SGO3 SG04 SGOS SGO6 SGO7 SGO8 SGOY
| Acanthocythereis izumoensis Tanaka, 2002 ) ' ' o 1
Acanthocythereis sp. 1 3
Acanthocythereis sp. 2 2
* | Ambostracon cf. ikeyai Yajima, 1978 9 6 92 68 21 67 25
Ambtonia shimanensis Tanaka, 2002 1 4 2 5 5- 1
Ambtonia takayasui Tanaka, 2002 1 1
* |Argilloecia cf. symmetrica Zhao, 1988 1 3 7 11 1 18 6
Argilloecia sp. 1 1 1
Argilloecia sp. 2 1
Argilloecia sp. 3 1 1 1
Argilloecia sp. 4 1 1 2 2
Aurila sp. 1 1 1
O |Cluthia subjaponica Tanaka, 2002 3 2 3 2 3 1 5 1
Cytherois aff. asamushiensis Ishizaki, 1971 1
Cytheropteron shimanense Tanaka sp. nov. 2 7 21 4 20 13
* | Cytheropteron sawanense Hanai, 1957b 1 6 3 10 3 19 5
* | Cytheropteron uchioi Hanai, 1957b 10 8 7 7 1 3
* | Eucytherura poroleberis Zhao, 1988 1
Falsobuntonia taiwanica Malz, 1982 1
*,0|Krithe cf. antisawanensis Ishizaki, 1966 3 8 4 2 3 1 2
Laperousecythere ikeyai Tanaka, 2002 2 1 2
* |Loxoconcha cf. taiwanensis Zhao, 1988 1
Loxoconcha izumoensis Tanaka sp. nov. 2 1 3
Loxoconchidea sp. 1 2 1 1
* IMunseyella cf. hokkaidoana (Hanai, 1957a) 3 3
Munseyella hatatatensis Ishizaki, 1966 1
O |Paijenborchella cf. tsurugasakensis Tabuki, 1986 5 1 1 1 1
Palmenella limicola (Norman, 1865) 1 1
O |Palmoconcha irizukii Tanaka, 2002 4 2 2 2 2 1
Paradoxostoma yakumotatsunus Tanaka sp. nov. 2 1 1 1 23
Paradoxostoma sp. 1 1
Phlyctocythere sp. 1 1 1
Phlyctocythere sp. 2 1
Propontocypris aff. attenuata (Brady, 1868) 1
Propontocypris aff. clara Zhao, 1988 3 3
Robertosonites japonicus (Ishizaki, 1966) 1
Schizocythere sakanouei Tanaka sp. nov. 10 2 21 18 2
Sclerochilus sp. 3 1 3 2 1
Semicytherura aff. affinis (Sars, 1925) 1 2 1 7
* | Semicytherura hanaii Ishizaki, 1981 1 5 1 1
O |Urocythereis pohangensis Huh and Whatley, 1997 4 1
Urocythereis sugesawensis Tanaka sp. nov. 5 1 7
No. of specimens 25 1 71 41 141 167 45 171 106
No.of species 0 1 23 13 17 21 15 19 21
Weight of sediments (g) 960 80 880 880 960 1040 800 960 640

Table 1. Ostracod fossils from the Sugesawa area.
Open circle = Paijenborchella-Palmoconcha- Urocythereis pohangensis assemblage, asterisk = Ambosiracon-Argilloecia- Cytheropteron assemblage.

(19)
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Fig. 4. SEM photographs of the nine species from the Omori Formation. a : Eucytherura poroleberis Zhao, 1988; CC male(?), SUM-CO-1351,
Sample SGO7. b : Semicytherura hanasi Ishizaki, 1981; CC male, SUM-CO-1352, Sample SGO06. ¢ : Cytheropteron uchioi Hanai, 1957b; CC male,
SUM-CO-1353, Sample SGO3. d : Krithe cf. antisawanensis Ishizaki, 1966; CC male, SUM-CO-1354, Sample SG04. e : Loxoconcha ct. taiwanensis
Zhao, 1988; CC female, SUM-CO-1355, Sample SGO7. f: Argilloecia cf. symmetrica Zhao, 1988; CC female, SUM-CO-1356, Sample SGOS.
g 1 Gytheropreron sawanense Hanai, 1957b; CC male, SUM-CO-1357, Sample SGO8. h : Ambostracon cf. ikeyai Yajima, 1978; CC male, SUM-CO-
1358, Sample SGO8. i : Munseyella cf. hokkaidoana (Hanai, 1957a); CC female, SUM-CO-1359, Sample SG09. Scale bar is 0.10mm.

Ostracod assemblages

Forty-two ostracod species belonging to 26 genera were
discriminated in the nine samples (SGO1 - 09)(Fig. 3) from
the Omori Formation (Table 1).

Two ostracod assemblages were recognized : Paijenborchella-
Palmoconcha-Urocythereis pohangensis assemblage and
Ambostracon-Argilloecia-Cytheropteron assemblage.

The Paijenborchella-Palmoconcha- Urocythereis pohangensis as-
semblage is characterized by following species from two
samples (SGO1 and 02) of the tuffaceous bluish gray very
fine sandstone : Cluthia subjaponica, Krithe cf. antisawanensis,
P. cf. tsurugasakensis, Palmoconcha irizukii and Urocythereis
pohangensis. This assemblage closely resembles that from the
uppermost part of the lower member of the Fujina Formation
in the Fujina area (Tanaka et al. 2002).

The Ambostracon-Argilloecia-Cytheropteron assemblage is
characterized by the species which occur in seven samples of
the tuffaceous greenish dark gray very fine sandstone. The
following extant species and the species which is compared
with the living species, are included in this assemblage (Fig.
4) © Ambostracon cf. ikeyai, Argilloecia cf. symmetrica,

Cytheropteron sawanense, C. uchiot, Eucytherura poroleberis, Krithe

(20)

cf. antisawanensis, Loxoconcha cf. taiwanensis, Munseyella cf.
hokkaido and Semicytherura hanaii.

The geographic and stratigraphic distributions of these spe-
cies are mainly restricted from the South China Sea to off the
Japanese Islands since Miocene (Fig. 5). These species are
dominant in warm to mild-temperate condition. Some cir-
cumpolar and endemic cool-temperate species (Munseyella
hatatatensis, Paijenborchella cf. tsurugasakensis and Palmenella
limicola), however, are also found in this assemblage.

These two ostracod assemblages are compared to the mol-
luscan assemblages that are reported by Sakanoue (2000) in
this study area (Table 2).

In the following section, ostracod assemblages reported both
from the present study area and the Fujina area (Tanaka et al.
2000, 2002) are analyzed to estimate the paleoenvironmental
condition in the Proto-Japan Sea.

Principal components analysis

In order to quantitatively understand paleoenvironments
during the deposition of the Omori and Fujina Formations, I
carried out a Q-mode principal components analysis for 16
samples, which contained more than 45 individuals, (Fig. 6),
of which 6 samples (SG03, 05, 06, 07, 08 and 09) are from
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Fig. 5. Geographic and stratigraphic distribution of the “extant” species from the Omori Formation on the basis of previous published data (see
Appendix 1). In this study, “extant” species also includes its compare (cf.) species. In the figure, bold bar is occurrence data with photographs

of the specimen, fine bar is no photographs data.

Ostracod assemblage Molluscan assemblage

Ambostracon - Argilloecia -
Cytheropteron assemblage

Pecten - Chlamys assemblage

Paijenborchella - Palmoconcha-
Urocythereis pohangensis assemblage

Macoma - Cultellus assemblage

Table 2. Correspondence of ostracod assemblages and molluscan
assemblages of Sakanoue (2000).

the Omori Formation (this study) and 10 samples (A1, 11,
14, 15,16, 17, 18, 19, 20 and B1) are from the Fujina Forma-
tion (Tanaka et al. 2002).

Fossil and Recent ostracod assemblages often undergoes
selective preservation and transportation by the function of
each ostracod valves and their depositional environments (e.g.
Irizuki et al. 1999). Those altered assemblages are, there-
fore, will not show normal distributions. To verify this, [ used
the principal components analysis based on the propotional
similarity index (cos 0 ) and the covariance matrix, and a VBA
program which is modification of Uchida (1996) was used.

Appendix 2 shows that the first four components explain
more than 80% of the total variance, and may be sufficient
for evaluating the characteristic of ostracod assemblage in

(21)

each sample horizon.

The first explains 42.75% of total variance. Acanthocythereis
koreana (score= +90.12), Palmoconcha irizukii (score= +71.29),
Paijenborchella cf. tsurugasakensis (score= +67.30), Kotoracythere
tsukagoshii (score= +44.92) and Urocythereis pohangensis (score=
+33.59) have high positive scores, and these are characteris-
tic species from the lower member to the lowermost part of
the upper member of the Fujina Formation (Tanaka et al.
2002). PC 1 only shows the high positive correlation with
the samples from the lower member to the lowermost part of
the upper member of the Fujina Formation (A1, 11, 14, 15,
16, 17, 18, 19 and 20). Thus the first component shows char-
acteristic assemblage from the lower member to the lower-
most part of the upper member of the Fujina Formation.

The second component explains 30.04% of the total vari-
ance. Ambostracon cf. ikeyai (score= +120.64), Cytheropteron
shimanense (score= +27.70), Schizocythere sakanouei (score=
+21.88), Cytheropteron sawanense (score= +20.78) and
Argilloecia cf. symmetrica (score= +18.80) have high positive
scores. A. koreana (score=-7.29), P cf. surugasakensis (score=
-3.85) and K. tsukagoshii (score= -3.74) have high negative
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Fig. 6. Columnar sections of the Omori and Fujina Formations.
Columnar sections from the Fujina area were quoted from Tanaka et
al. (2000, 2002).

scores. Those species having high positive scores character-
ize the Ambostracon-Argilloecia- Cytheropteron assemblage of the
Omori Formation (SGO03, 03, 06, 07, 08 and 09), and those
negative scores characterize the assemblage of the lower
member to lowermost part of the upper member of the Fujina
Formation (Tanaka et al. 2002). PC 2 only shows the high
positive correlation with the samples from the Omori Forma-
tion, therefore, this component explains the assemblage from
the Omori Formation.

The third component explains 6.92% of the total variance.

(22)
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Laperousecythere ikeyai (score= +12.81), Acanthocythereis
izumoensis (score= +5.53) and Robertsonites reticuliformus
(score= +2.78) have high positive scores. L. ikeyai and A.
izumoensis are extinct species, and only known from the Omori
and Fujina Formations so far. R. reticuliformus often occurs
with sublittoral species such as Cythere, Cornucoquimba, Krithe,
Loxoconcha, Munseyella and Schizocythere during the Middle Mi-
ocene (Ishizaki 1966 ; Huh and Paik 1992b). P cf.
tsurugasakensis (score= -31.79), P irizukii (score= -19.82) and
K. tsukagoshii (score= -12.49) have high negative scores. P
cf. tsurugasakensis occurs throughout the horizon of the Fujina
Formation, and in the upper member of the formation, occurs
with the ostracod assemblage which characterizes upper slope
of the Recent Japan Sea such as A. dunelmensis, Robertsonites
and Cluthia (Tanaka et al. 2002). P frizukii and K. tsukagoshii
indicate bay environment (Irizuki and Matsubara 1994).

Thus the third component is interpreted as the depositional
environment (positive=sublittoral ; negative=bay or upper
slope).

The fourth component explains 5.72% of the total variance.
Roberssonites yatsukanus (score= +13.08), Laperousecythere ikeyai
(score=+10.83) and Acanthocythereis dunelmensis (score= +9.44)
have high positive scores. R. yatsukanus and L. ikeyai are ex-
tinct species. A. dunelmensis is, however, extant species, and
distributed from middle- to high-latitude regions of the North-
ern Hemisphere. This species is now distributed on the lower
continental shelf to the slope in the Japan Sea region (Ishizaki
and Irizuki 1990 ; Ikeya and Suzuki 1992 ; Ozawa and Kamiya
2001). P irizukii (score=-27.23), P. cf. tsurugasakensis (score=
-16.79), K. tsukagoshii (score= -8.20) and A. koreana (score=
-8.10) have negative high scores. Those species having high
negative scores are only distributed around the Japanese Is-
lands since Miocene and indicate the cool-temperate and tem-
perate bay environment (Irizuki and Matsubara 1994 ; Tanaka
et al. 2002).

Thus the fourth component is interpreted as a function of
relative water depth (positive=deep; negative=shallow).

Discussion and conclusion

The ostracods from the Fujina and Omori Formations pro-
vide important paleoenvironmental data for the Miocene
Proto-Japan Sea. Fig. 7 shows the factor loadings of samples
from the Omori and Fujina Formations on the first (PC 1) and
second (PC 2) components. All of the samples from the Omori
Formation (SG-number) only show the high positive correla-
tion with the PC 2. The second component is characterized
by the species which compose the Ambostracon-Argilloecia-
Cytheropteron assemblage. These species have been distrib-
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Fig. 7. Plots of samples on first and second factor loadings.

Each sample number in figure corresponds as follows : SG-number
(= Omori Formation, this study), A-number (= the lower member
and lowermost upper member of the Fujina Formation, Tanaka et al.
2002), B-number (= the upper member of the Fujina Formation,
Tanaka et al. 2002). Value of each factor loading of sample are
listed in Appendix 2.

uted from the South China Sea to Japan since Miocene (Fig.
5). In Miocene, the occurrence of A. rkeyai is restricted within
Southwest Japan and its adjacent area (Yajima 1988 ; Huh
and Paik 1992a, b). A. symmetrica is reported from the Recent
sediments (70-206 m depth) of the East China Sea (Wang et
al. 1988). C. uchioi occurs from the Recent sediments be-
tween 30 and 986 m depth (Wang et al. 1988 ; Ikeya and
Suzuki 1992 ; Zhou 1995 ; Tsukawaki et al. 1998, 1999, 2000).
Thus it is thought that the Omori Formation was deposited
under the warm open sublittoral environment such as the Re-
cent East China Sea and/or the southwestern part of the Japan
Sea.

All the samples from the lower member to the lowermost
part of the upper member of the Fujina Formation (A-num-
ber) only show positive correlation with the PC 1. The ex-
tinct species such as A. koreana, P irizukii, P cf. tsurugasakensis,
K. tsukagoshii and U. pohangensis have high positive scores. In
the Miocene, A. koreana and U. pohangensis occur from the
southwestern part of the Japan Sea side, and P irizgukii, P cf.
tsurugasakensis and K. tsukagoshii occur from the Honshu
(Tanaka et al. 2002). In the Miocene deposits of Korea, A.
koreana and U. pohangensis occur with the circumpolar species
such as Munseyella hatatatensis and Palmenella limicora, and in-

The Association for the Geol ogical Collaboration in Japan (AGC])
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dicate stable cold shallow sea environment (Huh and Paik
1992b). P irizukii and K. tsukagoshii are the temperate species
and it is thought that these species adapted to colder environ-
ments during the Miocene in the Japan Sea area (Tanaka et al.
2002). P irizukii and K. tsukagoshii indicate the stable bay
environment (Irizuki and Matsubara 1994). Thus it is thought
that the Fujina Formation was deposited under the cool open
sublittoral or the cool bay environment during the deposition
between the lower member and the lowermost part of the upper
member.

Sample B1 from the upper member of the Fujina Forma-
tion does not show the correlation with the PC 1 and the PC
2, however, it shows negative and positive correlation with
the PC 3 and the PC 4 respectively (Appendix 2). The B 1
sample is dominated by the circumpolar and the cryophilic
species such as A. dunelmensis and Acanthocythereis.
tsurugasakensis (Tanaka et al. 2002). This data indicates that
the upper member of the Fujina Formation was deposited
under the cold upper slope environment.

Thus, it is suggested that the bottom water condition of the
Omori and the Fujina Formations generally became deeper
(colder) and deeper (colder) towards the upper horizons of
the Fujina Formation.

Based on the stratigraphic correlation in the San’in dis-
trict, Takayasu et al. (1992) recognized the Omori Stage (14.5-
14Ma) and the Fujina Stage (14-12 Ma). They pointed out
that colder molluscan species in these stages increased to-
ward the end of the Fujina Stage. On the basis of foramin-
iferal oxygen isotopic data, Kim (1999) pointed that the
Pohang Basin sequence (Southeast Korea) shows a decrease
in isotopic temperatures from 14.5 to 14 Ma. The cooling
event of the Proto-Japan Sea in 14.5-14 Ma coincides with
global cooling event between 14.5 and 14 Ma manifested by
the sharp increase in benthic and planktonic foraminiferal oxy-
gen isotopic values (Miller et al. 1987). Sakanoue (2000)
reported the molluscan assemblages such as Callista-Mercenaria
and Macoma- Cultellus assemblages from the Sugesawa area
(=this study area). These assemblages indicate the sublittoral
environment under the cold water current. The Macoma-
Culrellus assemblage corresponds to the Paijenborchella-
Palmoconcha-Urocythereis pohangensis assemblage, and the 0s-
tracod assemblage indicates the cool sublittoral environment.

In the same area, however, Sakanoue (2000) reported the
Pecten-Chlamys assemblage which indicates the warm open
sublittoral environment. This assemblage corresponds to the
Ambostracon-Argilloecia- Cytheropteron assemblage, and the os-
tracod assemblage also indicates the same paleoenvironmental
condition with the molluscan assemblage.
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Otofuji et al. (1991) stressed that more than 80% of the
clockwise rotation of the Japanese Islands was completed be-
tween 16.1 and 14.2 Ma. Nomura (1992) recognized the dif-
ferential regional uplifting and deepening between the depo-
sition of the Kuri and Omori Formations, and he assumed
that these tectonics were correlated with the opening of the
Japan Sea. Therefore, during the period of deposition of the
Omori Formation, the bottom environment of the Proto-Ja-
pan Sea appears to have been controlled by regional tectonics
of the Japanese region in combination with global climatic
changes. The temporal occurrence of the warm-water ostra-
cods may indicate that the paleo-Tsushima warm-water cur-
rent flowed in the Proto-Japan Sea during a period of glabal
cooling time. The paleo-Tsushima warm-water current of this
period was enough strong to influence the sublittoral benthic
ostracods.

After 14 Ma, cold surface waters became dominant in the
Japan Sea, but periodic inflows of warm surface waters con-
tinued (Tada 1994). The presence of warm-water cephalo-
pod species in several horizons of the Fujina Formation also
suggests the influence of a warm-water current (Sakumoto et
al. 1996). In this period, the benthic ostracod assemblages
are characterized by prominent circumpolar and cryophilic
species. The paleo-Tsushima warm-water current of this pe-
riod was not enough strong to influence the sublittoral and
the upper slope benthic ostracods.

Systematic descriptions

All the illustrated specimens are deposited in the collec-
tions of the Shizuoka University Museum (SUM-CO-Num-
ber). The following abbreviations are used in this paper : CC
: complete carapace, RV : right valve, LV : left valve, L :
length, H : height, W : width.

Order Podocopida Sars, 1866
Superfamily Cypridoidea Baird, 1845
Family Pontocyprididae G. W. Miiller, 1894
Genus Argilloecia Sars, 1866

Argilloecia cf. symmetrica Zhao, 1988
Fig. 4f

Argilloecia symmetrica Zhao, 1988, p. 232, 233, pl. 36, figs.
19-21, fig. 5-73.

Remarks : This species was described from the Recent sedi-
ments, East China Sea by Zhao (1988). Specimens from the
Omori Formation slightly differ from the type specimen, in
the shape of posterior area.

Superfamily Cytheroidea Baird, 1850
Cytherideidae Sars, 1925
Subfamily Krithinae Mandelstam, 1958
Genus Krithe Brady, Crosskey and Robertson, 1874
Krithe cf. antisawanensis Ishizaki, 1966
Fig. 4d

Krithe antisawanense Ishizaki, 1966[sic], p. 137, 138, pl. 18,
figs. 17, 24 and 25.

Krithe antisawanensis Ishizaki. Gou et al., 1981, p.155, pl.
78, fig. 16 ; Ruan and Hao, 1988, p. 269, pl. 40, figs. 21-23;
Ikeya and Suzuki, 1992, pl. 5, fig. 6 ; Zhou and Ikeya, 1992,
p- 1111, 1112, figs. 9-4,9-5.

Krithe sawanensis Hanai. Gou et al., 1981, p.155, pl. 77, figs.
18-22, pl. 78, fig. 15, pl. 92, fig. 14 ; Gou et al., 1983, p.34,
pl. 6, figs. 1-13, text-fig. 8 ; Wang et al., 1988, p. 243, pl. 42,
figs., 1, 2.

Remarks : This species was first described from the Mi-
ocene Hatatate Formation, Sendai by Ishizaki (1966). Speci-
mens {rom the Omori Formation slightly differ from the type
specimen, in the shape of posteroventral margin.

Family Eucytheridae Puri, 1954
Subfamily Pectocytherinae Hanai, 1957a
Genus Munseyella van den Bold, 1957
Munseyella ct. hokkaidoana (Hanai, 1957a)
Fig. 4i

“Toulminia” hokkaidoana Hanai, 1957a, p. 479, 481, pl. 11,
figs. 2a, b, text-figs. 5a, b.

Munseyella hokkaidoana (Hanai). Hanai, 1961, p. 362,

Text-fig. 6, figs. 3a, b; Ishizaki, 1966, p. 153, pl. 19, fig.
13: (not) Kamiya et al., 1996, pl. 2, fig. 2; Kamiya et al.,
2001, pl. 16, fig. 4.

Remarks : This species was first described from the Upper
Pliocene Setana Formation, Hokkaido by Hanai (1957a).
Specimens from the Omori Formation slightly differ from the
type specimen, in the shape of evenly rounded anterior mar-

gin.

Family Cytheridae Baird, 1850
Subfamily Schizocytherinae Mandelstam, 1960
Genus Schizocythere Tricbel, 1950
Schizocythere sakanouei Tanaka sp. nov.
Figs. 8a-h, 9q and 9u

Etymology : In honor of Hajime Sakanoue, who gave me

information about type locality of this species.
Types : Holotype, CC male, SUM-CO-1360 (L=0.67mm,
H=0.39mm, W=0.34mm). Paratypes, CC female, SUM-CO-
1361 (L=0.69mm, H=0.40mm, W=0.35mm) ; LV male, SUM-
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Fig. 8. SEM photographs of new species.

a-h, Schizocythere sakanouei Tanaka sp. nov. a-d : holotype, CC male, SUM-CO-1360, Sample SGO3. e-h : paratype, CC female, SUM-CO-1361,
Sample SGO6. i-p, Cysheropteron shimanense Tanaka sp. nov. i-1: holotype, CC male, SUM-CO-1362, Sample SGO08. m-p : paratype, CC female,
SUM-CO-1363, Sample SG06. g-x, Urocythereis sugesawensis Tanaka sp. nov. g-t : holotype, CC male, SUM-CO-1364, Sample SG09. u-x :
paratype, LV female, SUM-CO-1365, Sample SG09. Scale bar is 0.10mm.

(25)
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Fig. 9. SEM (a-r and u-w) and transmitted optical (s and t) photographs of new species.

a-h and s, Loxoconcha izumoensis Tanaka sp. nov. a-d : holotype, CC male, SUM-CO-1366, Sample SG06. e-h : paratype, CC female, SUM-CO-
1367, Sample SGO8. s : paratype, CC female in the left lateral view, SUM-CO-1368, Sample SGO8. 1-p and t, Paradoxostoma yakumotatsunus
Tanaka sp. nov. i-1: holotype, CC small form (male?), SUM-CO-1369, Sample SG09. m-p : paratype, CC large form (female?), SUM-CO-
1370, Sample SGO9. t : paratype, CC small form (male?) in the right lateral view, SUM-CO-1371, Sample SG09. q and u, Sehizocythere
sakanouei Tanaka sp. nov., paratype, LV male , SUM-CO-1372, Sample SG09. r and v, Cytheropteron shimanense Tanaka sp. nov., paratype, LV
male, SUM-CO-1373, Sample SGO8. w, Urocythereis sugesawensis Tanaka sp. nov., paratype, adductor muscle scars of LV female, SUM-CO-
1374, Sample SG09. Scale bar is 0.05mm for a-h, u and w ; 0.10mm for i-t, 0.03mm for v.

(26)
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CO-1372 (L=0.66mm, H=0.37mm).

Type locality : Uppermost part of the Omori Formation,
Sample SGO03 (35°20.58’N, 132°46.25’E).

Diagnosis : Valve subquadrate in lateral view. dorsal and
ventral margin straight. A strong carinal ridge, bifurcating in
mid-ventral area and running into posteromedian area. Four
adductor scars (the upper three are elliptical, the lowermost
one is semicircular).

Description : Valve subquadrate in lateral view. Anterior
margin evenly rounded with infracurvature; dorsal margin
straight; posterior margin triangular, slightly concave in up-
per half and slightly convex in lower half; ventral margin
straight. Sexual dimorphism prominent; in lateral view, male
forms more elongate; in dorsal view, female forms have more
inflated carapace in the anteroventral and posteroventral ar-
cas. Eye spot large and protruding. A weak carinal ridge
occurs at the anterodorsal part of eye spot, runs nearly paral-
lel to anterior margin, and ends at anteromedian area. A strong
short carinal ridge, arising from anteromedian area, runs to
the posteromedian area. A strong carinal ridge starting at the
anteroventral area, bifurcating in mid-ventral area and run-
ning into posteromedian area. Surface ornamented by irregular
reticulations between carinal ridges. In dorsal view, carapace
subhexagonal ; lateral outline sinuate, widest in the postero-
median area. In anterior view, carapace subhexagonal, broad-
est at point near mid-height. Marginal zone relatively broad
anteriorly and posteriorly. Selvage well developed. Hinge
schizodont : In LV, anterior element has an auxiliary tooth in
a large elongate socket ; anteromedian element is a tooth,
posteromedian element is a crenulate bar; posterior element
is an elongate socket. One elongate elliptical frontal scar. A
row of four adductor scars are nearly vertical in a gentle curve,
convex side to the posterior (the upper three are elliptical, the
lowermost one is semicircular). One elongate elliptical man-
dibular scar. Frontal and mandibular scars are very difficult
to see. Prominent fulcral point.

Remarks: This species differs from S. okhosskensis Hanai,
1970 reported from the Recent sediment of Okhotsk Sea, in
its outline and more irregular ornamentation. The present
species is distinguished from S, hazatatensis Ishizaki, 1966 from
the Miocene Hatatate Formation, the north Japan, in its straight
ventral margin and lack of posteroventral spine. S. sakanouei
sp. nov. also differs from S. kishinouyei (Kajiyama, 1913), in
its elongate lateral outline, the outline of the anterior margin
and weak anterodorsal carinal ridge.

Family Cytheruridae G. W. Miiller, 1894
Subfamily Cytherurinae G. W. Miiller, 1894
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Genus Eucytherura G. W. Miiller, 1894
Eucytherura poroleberis Zhao, 1988
Fig. 4a

Eucytherura poroleberis Zhao, 1988, p. 261, pl. 50, figs. 15-
18 ; Ruan and Hao, 1988, p. 290, pl. 49, figs. 13, 14.

Fucytherura neoalae Ishizaki. Gou et al., 1981, p. 160, pl. 79,
figs. 14-16.

Lucytherura sp. Ishizaki, 1981, p. 50, 51, pl. 10, figs. 10,
I1a, b, pl. 11, figs. 1, 2, 5, pl. 14, figs. 9, 10, pl. 15, fig. 7;
Tkeya and Suzuki, 1992, p. 114.

Genus Semicytherura Wagner, 1957
Semicytherura hanaii Ishizaki, 1981
Fig. 4b
Semicytherura hanaii Ishizaki, 1981, p. 55,56, pl. 11, figs.
11,12, pl. 12, figs. 1-4, pl. 13, figs. 8,9, pl. 14, fig. 3; Wang
and Zhao, 1985, pl. 8, fig. 11; Ruan and Hao, 1988, p. 302, pl.
53, figs,1-3; Wang et al., 1988, p. 262, pl. 51, figs. 1, 2.
Kangarina nanbaiensis Gou, 1981, p. 160, pl. 79, figs. 12,
13.

Subfamily Cytheropterinae Hanai, 1957b
Genus Cytheropteron Sars, 1866

Cytheropteron shimanense Tanaka sp. nov.
Figs. 8i-p, 9r and 9v

Etymology : The prefecture name, Shimane, of the type
locality.

Types : Holotype, CC male, SUM-CO-1362 (L=0.42mm,
H=0.24mm, W=0.27mm). Paratypes, CC female, SUM-CO-
1363 (L=0.44mm, H=0.28mm, W=0.29mm) ; LV male, SUM-
CO-1373 (L=0.39mm, H=0.22mm).

Type locality : Uppermost part of the Omori Formation,
Sample SG08 (35°20.60’N, 132°46.28’E).

Diagnosis : Valve subrhomboidal in lateral view. Surface
ornamented by scattered fossae; a broad, rounded carinal ridge
occurs at the anteroventral margin, runs along the edge of ala.

Description : Valve subrhomboidal in lateral view. Ante-
rior margin evenly rounded with infracurvature; dorsal mar-
gin arched; posterior margin angular, making nearly a right
angle with dorsal margin; ventral margin nearly straight.
Sexual dimorphism prominent; in lateral view, male forms
more elongate; in dorsal view, female forms have more in-
flated carapace in the anteroventral area. Eye spot not ob-
served. Surface ornamented by scattered fossae. A broad,
rounded carinal ridge occurs at the anteroventral margin, runs
along the edge of ala. In dorsal view, carapace is an arrow-
head-shaped. In anterior view, carapace subtriangular, broad-
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est at the carinal ridge. Marginal zone broad anteriorly and
posteriorly. Selvage well developed. Hinge antimerodont:
In LV, anterior element has three sockets; median element
consists of about 20 teeth; posterior element has some sock-
ets. One V-shaped frontal scar. A row of four adductor scars
in a vertical row (the uppermost one is semicircular, the middle
two are elliptical. The lowermost one not observed). Man-
dibular scar not observed. Fulcral point not observed.

Remarks : This species differs from C. sawanense Hanai,
1957b reported from the Upper Pliocene Sawane Formation,
Sado Island, in its elongate outline and not bifurcated murus.
The present species is distinguished from C. postornatum Zhao,
1988 from the Recent sediments of East China Sea, in its
murus occurs at the anteroventral margin and outline of pos-
terior margin.

Family Hemicytheridae Puri, 1953
Subfamily Hemicytherinae Puri, 1953
Genus Ambostracon Hazel, 1962
Ambostracon cf. ikeyai Yajima, 1978
Fig. 4h

Ambostracon ikeyai Yajima, 1978, p. 394,393, pl. 49, figs.
Sa-c, pl. 50, figs. 1, 2, text-fig. 7, figs. 2a, b ; Yajima, 1988,
pl. 1, fig. 4, pl. 2, fig. 13 ; Ikeya and Itoh, 1991, p. 108, fig.
10A ; Huh and Paik, 1992a, pl. 2, fig. 1 ; Huh and Paik, 1992b,
pl. 2, fig. 1; Yajima, 1992, p. 263, pl. 32, fig. I 1.

Remarks : This species was first described from the Upper
Pleistocene Narita Formation, Central Japan by Yajima (1978).
Specimens from the Omori Formation slightly differ from the
type specimen, in the shape of evenly rounded anterior mar-
gin.

Subfamily Urocythereidinae Hartmann and Puri, 1974
Genus Urocythereis Ruggieri, 1950
Urocythereis sugesawensis Tanaka sp. nov.

Figs. 8q-x and 9w

Etymology : For the type locality.

Types : Holotype, CC male, SUM-CO-1364 (L=0.79mm,
H=0.42mm, W=0.38mm). Paratypes, LV female, SUM-CO-
1365 (L=0.77mm, H=0.45mm); LV female, SUM-CO-1374
(L=0.78mm, H=0.45mm).

Type locality : Uppermost part of the Omori Formation,
Sample SG09 (35°20.61°N, 132°46.30°E).

Diagnosis : Valve subquadrate in lateral view. Surface or-
namented by polygonal reticulations; two posterior ridges run
obliquely toward at posteroventral area. Two circular frontal
scars.

Description : Valve subquadrate in lateral view. Anterior
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margin evenly rounded; dorsal margin straight, sloping gen-
tly toward posterior; posterior margin evenly rounded; ven-
tra] margin nearly straight. Large sexual dimorphism; in lat-
eral view, male forms more elongate; in dorsal view, female
forms have inflated carapace in the posteroventral area. Eye
spot large and flat. Surface ornamented by polygonal reticu-
lations. Two posterior ridges run obliquely toward at
posteroventral area. In dorsal view, lateral outline nearly
straight; anterior end more pointed than posterior. In anterior
view, carapace subovate, broadest at point near mid-height.
Marginal zone relatively broad. Selvage well developed.
Hinge holamphidont : in LV, anterior element has a large ovate
socket; anteromedian element is a smooth tooth, posterome-
dian element is a bar; posterior element is an elongate socket.
Two circular frontal scars. Four circular/elliptical adductor
scars; the middle two are subdivided. One elliptical man-
dibular scar. Prominent fulcral point. Ocular sinus conspicu-
ous.

Remarks : This species differs from U. pohangensis Huh and
Whatley, 1997 reported from the Miocene Yeonil Group,
Korea, in its evenly rounded posterior margin. The present
species is distinguished from U. gorokuensis Ishizaki, 1966 from
the Pliocene Tatsunokuchi Formation, the north Japan, in its
two posterior ridges run obliquely toward at posteroventral
area and evenly rounded posterior margin.

Family Loxoconchidae Sars, 1926
Genus Loxoconcha Sars, 1866
Loxoconcha izumoensis Tanaka sp. nov.
Figs. 9a-h and 9s

Etymology : Izumo is the ancient provincial name of the
type locality.

Types : Holotype, CC male, SUM-CO-1366 (L=0.36mm,
H=0.24mm, W=0.19mm). Paratypes, CC female, SUM-CO-
1367 (L=0.38mm, H=0.24mm, W=0.20mm); CC female,
SUM-CO-1368 (L=0.37mm, H=0.25mm, W=0.20mm).

Type locality : Uppermost part of the Omori Formation,
Sample SG06 (35720.60°N, 132°46.27’E).

Diagnosis : Valve thomboidal. Dorsal margin straight, slop-
ing toward posterior. Surface ornamented by punctations and
rounded fossae. Two concentric muri occur in the
anteroventral area, convex posteroventrally in the postero-
ventral area, ends at mid-posterior area. In dorsal view, wid-
est in the posteromedian area.

Description : Valve rhomboidal in lateral view. Anterior
margin evenly rounded; dorsal margin straight, sloping to-
ward posterior; posterior margin truncated obliquely in upper
half and lower half making blunt angle slightly above mid-
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height; ventral margin nearly straight to slightly convex.
Sexual dimorphism weak. Eye spot small and flat. Surface
ornamented by punctations in the anterior and posterior ar-
eas, rounded fossae in the median area. Two concentric muri
occur in the anteroventral area, convex posteroventrally in
the postero-ventral area, ends at mid-posterior area. In dorsal
view, carapace ovate, widest in the posteromedian area. In
anterior view, carapace subovate, broadest a little below mid-
height. Marginal zone relatively broad.

Remarks : This species differs from Loxoconcha
subkotoraforma Ishizaki, 1966 from the Miocene Hatatate For-
mation, the north Japan, in its outline of anterior margin and
punctations in the anterior and posterior areas.

Family Paradoxostomatidae Brady and Norman, 1889
Subfamily Paradoxomatinac Brady and Norman, 1889
Genus Paradoxostoma Fischer, 1855
Paradoxostoma yakumotatsunus Tanaka sp. nov.
Figs. 9i-p and 9t

Etymology : “Yakumo-tatsu”, a poetic epithet modifies
Izumo in a traditional Japanese poetry.

Types : Holotype, CC small form (male?), SUM-CO-1369
(L=0.76mm, H=0.34mm, W=0.20mm). Paratypes, CC large
form (female?), SUM-CO-1370 (L=0.79mm, H=0.36mm,
W=0.22mm); CC small form (male?), SUM-CO-1371
(L=0.76mm, H=0.34mm, W=0.21mm).

Type locality : Uppermost part of the Omori Formation,
Sample SG09 (35°20.61’N, 132°46.30’E).

Diagnosis : Valve elongate subrhomboidal in lateral view.
Anterior margin narrowly rounded extremities. In dorsal view,
carapace elongate subovate, anterior end more pointed than
posterior. Marginal zone broad.

Description : Valve elongate subrhomboidal in lateral view.
Anterior margin narrowly rounded extremitics; dorsal mar-
gin abruptly arched behind the mid-length; posterior margin
truncated dorsally and evenly arched ventrally; ventral mar-
gin concave. Sexual dimorphism weak; in lateral view, small
forms smaller; in anterior view, large forms are more inflated.
Eye spot not observed. In dorsal view, carapace elongate
subovate, anterior end more pointed than posterior. In ante-
rior view, carapace subovate, pointed in ventral. Marginal
zone broad.

Remarks : This species differs from P tabulata Guan, 1978
reported from the Pliocene boring core samples from Leizhou
Peninsula and Hainan Island, South China, in its posteroventral
outline. The present species is distinguished from 2 sohni
Okubo, 1980 from the Recent samples, the Inland Sea, Japan,
in its more protrude anterior.
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district location age formation name literature PC1 PC2 PC3 PC4
1 Hainan island I. M-P (boreholes) Gou et al., 1981 Eigenvalue 6.84 4.81 1.1 0.92
2 South China Sea H  (cores) Cao, 1998 Percentage 4275 3004 692 572
3 Southern Taiwan P-Q Maanshan Mudstone Hu, 1983 Cumulative Percentage 42.75 72.79 79.71 85.43
4 Northern Taiwan Q  Toukoshan Fm. Hy, 1978 _
" " *  Tungshiao Fm. Hu, 1986 ___Factor loadings PC1 __PC2 __PC3 _PC4
5 Ryukyu islands ¢ Shinzato Fm. Nohara and Tabuki, 1985 SG03 0.3 066 002 -0.02
“ " " Somachi Fm. Nohara, 1987 $G0S 008 035 -0.01 0.00
" " Q Nahafm. Nohara, 1981 SGo6 003 097 001 001
" " " Chinen Fm. Nohara, 1987 SG07 008 095 -001 -0.01
" " " Nakoshi Sand Nohara and Miyagi, 1984 SG08 008 097 000 000
" Okinawa Trough LQH (cores) Ruan and Hao, 1988 $G09 008 081 003 005
" Ryukyu istands R - Zhou, 1995 Al 064 -005 -029 -0.07
6  EastChina Sea . -  Ishizaki, 1981; Wang and Zhao, Al 089 007 021 020
1985; wang et al.,, 1988 Al4 076 -0.07 0.46 035
7 Miyazaki P Heki Fm. Hanai, 1957b A15 096 -0.07 01 0.05
*  Hyuga-nada R - Zhou, 1995 Al6 093 006 -003 -017
8  Shikoku P Ananai Fm, Ishizaki, 1983 Al7 094 -006 -021 -019
" Hiuchi-nada R - Yamane, 1998 A18 093 -006 -021 -018
9 Korean Peninsula mM  Yeonil Gr. Huh and Paik, 1992a, b A19 084 006 035 027
“  Ulleung Basin R - Cheong et al., 1986 A20 087 -005 -022 -0.30
10 Bihoku district m.M Yoshino Fm. Yajima, 1988 B1 010 -001 -070 0.70
® lzumo district * Omori Fm. this study

“  off Hagi R - Tsukawaki et al., 2000 Principal Components Il PC2 _PC3__PC4
*  off Shimane » - Ikeya and Suzuki, 1992 | Acanthocythereis dunelmensis (Norman, 1865) 0.57 -0.04 -8.62 9.44
" off Okiislands " - Tsukawaki et al., 1998 Acanthocythereis Tanaka, 2002 136 -0.12 0.81 0.85
11 Mizunami m.M  Shukunohora Sandstone Yajima, 1988 Acanthocythereis izumoensis Tanaka, 2002 11.22 058 553 3.81
" Atsumipeninsula Q  AtsumiGr. Yajima, 1987 | Acanthocythereis koreana Huh and Whatley, 1997 90.12 -7.29 -1.88 -8.10
" Kumano-nada R = Zhow, 1995 Acanthocythereis 5p. 1 010 1.33 -002 -003
*  off Suruga Bay N - Zhou and lkeya, 1992 Acanthocythereis sp.} Tanaka et al., 2002 134 -010 002 -0.19
12 Hokuriku district mM Togi Mud Fm. Yajima, 1988 Acanthocythereis sp.2 Tanaka et al., 2002 133 -009 -0.84 -1.23
" Sadoisland \P Sawane Fm, Hanai, 1957b Acanthocythereis tsurugasakensis Tabuki, 1986 031 002 -531 581
" Hokuriku district PQ Omma Fm. QOzawa, 1996 |Ambostracon cf. ikeyai Yajima, 1978 8.94 12064 -0.61 0.28
" " 1.Q  Hiradoko Fm. Kamiya et al., 2001 | Ambtonia shimanensis Tanaka, 2002 8.82 534 -1.17 -2.66
“ - H  Takahama Shell Bed Kamiya and Nakagawa, 1993 Ambtonia takayasui Tanaka, 2002 204 057 173 183
" off Toyama R - Irizuki, 1989a Argilloecia cf. symmetrica Zhao, 1988 137 1880 000 021
" off Sado island - - Tsukawaki et al., 1999 Argilioecia sp. 3 0.09 1.25 0.02 0.04
13 Kanto district mM Kobana Fm. Irizuki et al,, 1998 Argilloecia sp. 4 021 243 -001 -0.04
“ ° m-.Q Jizodo, Kamiizumi, Yajima, 1978; Ozawa et al., 1995 (Aurifa sp. 0.10 1249 0.0 0.03
Narita, Semata and Yabu Fm. Cluthia sp. 012 001 -19% 218

14 Tohokudistrict (F) m.M Kadonosawa Fm. Irizuki and Matsubara, 1934 Cluthia subjaponica Tanaka, 2002 2.21 5.67 -062 -0.66
N " " Suenomatsuyama Fm. Irizuki and Matsubara, 1995 Ciuthia tamayuensis Tanaka, 2002 465 -036 -1.63 -1.81
" " M Hatatate Fm.and Moniwa Mb. ishizaki, 1966 Cytheropteron sawanense Hanai, 1957b 1.63 2078 005 008
" " LM Kubota Fm. ‘Yamaguchi and Hayashi, 2001 Cytheropteron shimanense Tanaka sp. nov. 203 2770 007 047
“ " " Tsunaki Fm. Ishizaki et al., 1996 Cytheropteron sp. 413 034 -037 2.08
*  Otsuchi Bay R - Zhou, 1995 Cytheropteron uchioi Hanai, 1957b 106 1070 0.12 -0.14
" Sendai Bay " - Ikeya and ttoh, 1991 Falsobuntonia taiwanica Malz, 1982 138 -0.10 -0.83 -0.99
15 Tohokudistrict () mM Kamikoani Fm. Yajima, 1988 Kotoracythere tsukagoshii Tanaka, 2002 4492 -3.74 -1249 -8.20
" " LM Fujikotogawa Fm. Irizuki, 1994 Krithe cf. antisawanensis Ishizaki, 1966 245 579 021 -0.62
" " P Sasaoka Fm. Irizuki, 1989b Laperousecythere ikeyai Tanaka, 2002 25.56 -1.14 12.81 10.83
N “ " Tentokuji Fm. Irizuki, 1996 Loxoconcha izumoensis Tanaka sp. nov. 0.22 237 0.02 -0.04
" " " Wakimoto Fm. Ishizaki and Matoba, 1985 Loxoconchidea sp. Tanaka et al., 2002 140 0.1 0.00 0.06
- " P-Q Daishaka Fm. Tabuki, 1986 Loxoconchidea sp. 0.16 140 005 0.00
" " “  Hamada Fm. Hanai and Yamaguchi, 1987 Munseyeila cf. hokkaidoana (Hanai, 1957a) 018 243 008 0.16
" off Tsugaru R - Tsukawaki et al., 1999 Paijjenborchella cf. tsurug k Tabuki, 1986 67.30 -3.85 -31.79 -16.79
16 Hokkaldo P Setana Fm. Hanal, 1957a Palmenefta imicola (Norman, 1865) 402 034 0.75 0.59
" " P-Q SetanaFm. Hayashi, 1988 Palmoconcha irizukii Tanaka, 2002 71.28 -2.64 -19.82 -27.23
" off West Hokkaido R - Ozawa et al., 1999 Paradoxostoma yakumotatsunus Tanaka sp. nov. 091 10.42 0.63 1.06
Propontocypris aff. clara Zhao, 1988 015 091 005 -0.06
Robertosonites japonicus (Ishizaki, 1966) 447 -039 -0.87 0.44
. . Robertsonites reticuliformus (Ishizaki, 1966} 1232 -1.00 - 278 153
Appendix 1. The supplementary data about Fig. 4. Robertsonites vatsukanus Tanaka, 2002 070 005 -11.94 1308
Each district number (1-16) corresponds to those in Fig. 5. Schizocythere sakanouei Tanaka sp. nov. 184 2188 000 -0.23
(P) = Pacific side ; (J) = Japan Sea side ; 1=Late ; m=Middle ; |clerochius s. 034 349 005 003
. . . Semicytherura aff, affinis (Sars, 1925) 036 420 018 030

M = Miocene ; P =Pliocene ; Q = Pleistocene ; H=Holocene ;  |semicytherura hanaii 1shizaki, 1981 062 343 023 019
R =Recent ; Gr = Group; Fm = Formation ; Mb = Member. Urocythereis pohangensis Huh and Whatley, 1997 3359 -257 094 178
0.41 0.15 0.30

(33)

Urocythereis sugesawensis Tanaka sp. nov.

5.18
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Appendix 2. Results of the Q-mode principal components analysis.
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