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Carboniferous Primitive Fusulinacea from the Hina Limestone
in Okayama Prefecture, western Japan

Mutsumi FusMoTo* and Kimiyoshi SADA

Faculty of Integrated Arts and Sciences,
Hiroshima University, Higashi-Hiroshima 724, Japan

Abstract : In this paper the Carboniferous primitive fusulinacean zones of the Hina Limestone are
established, which are in ascending order the Endothyra-Mediocris Zone, the Eostaffella-
Millerella Zone and the Pseudostaffella-Profusulinella Zone. And here are illustrated the
descriptions of Millerella marblensis Thompson, M. toriyamai Ota, Eostaffella kanmerai (1go), E.
akiyoshiensis Sada, E. mosquensis Vissarionova, E. ikensis Vissarionova, E. paraprisca Durkina,
E. etoi Ota, E. sp. A, Mediocris mediocris (Vissarionova), M. adducta Durkina, Ozawainella
japonica Sada, Pseudostaffella minuta Sada and Nankinella yokoyamai Sada.

Key words : Carboniferous, Primitive fusulinacea, Millerella, Eostaffella, Mediocris,
Ozawainella, Pseudostaffella, Nankinella, Hina Limestone, Okayama Prefecture

I . Introduction

The Hina Limestone in the southwestern part of Okayama Prefecture has been studied
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Figure 1. Map showing distribution of the Hina Limestone and representative localities of the primitive
fusulinacean fossils.
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Figure 2. Stratigraphic distribution of foraminifers in the Hina Limestone.
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stratigraphically and structurally by many workers such as Kobayashi (1950), Nakano (1952),
Hase and Yokoyama (1975), Kobayashi and Hamada (1978), Sada et al. (1979), Otoh (1985) and
Mizuno (1993). However, the fusulinacean species have never been described paleontologically
from this limestone. We considered that the fusulinacean faunas should be described as the
fundamental data and based on it the biostratigraphic zonation and the geologic folded structure of
the Hina Limestone could be elucidated. For this reason, the Carboniferous primitive fusulinacean
species are described in this paper, where the fourteen Carboniferous representative species are
described and illustrated and on the basis of them the Hina Limestone is divided into three
primitive fusulinacean zones.

Before going to the description, we wish to express our sincere thanks to the following persons
who gave us their valuable help in various ways: Drs. Y. Oho, M. Fukuoka, H. Sato, M. Kaibori,
S. Niko and Y. Hirayama of Hiroshima University.

Il. Carboniferous Primitive Fusulinacean Zone

The Carboniferous Hina Limestone is divided into three fusulinacean zones, namely, the
Endothyra-Mediocris Zone, the Eostaffella-Millerella Zone and the Pseudostaffella-Profusulinella
Zone in ascending order.

Endothyra-Mediocris Zone: The Endothyra-Mediocris Zone composed of biosparite and
biomicrite, is characterized by Mediocris mediocris, M. sp., Endothyra similis, E. exilis, E. irinae,
Endostaffella sp. A, Eoendothyranopsis sp. and Planoendothyra sigma. The Endothyra-Mediocris
Zone may be correlative with the Mediocris breviscula Zone of the Atetsu Limestone (Sada et al.,
1992) and with the Middle Osagean to the Meramecian in North America, and with the Lower and
Middle Visean in Russia.

Eostaffella-Millerella Zone: The Eostaffella-Millerella Zone made up mainly by biosparite and
partly by biosparrudite, is composed of Eostaffella ikensis, E. akiyoshiensis, E. kanmerai, E.
paraprisca, E. mosquensis, E. postproikensis, E. exilis, E. sp., Millerella toriyamai, M. marblensis,
M. bigemmicula and Zellerinella tortula. This zone can be correlated with the Eostaffella
kanmerai-Zellerinella cf. designata Zone to the lower half of the Pseudostaﬁeila minuta-
Millerella marblensis Zone of the Atetsu Limestone (Sada et al., 1992), and with the North
American Chesterian-Lower Morrowan fusulinacean zones (Cooper, 1947; Zeller, 1950;
D.N.Zeller, 1953; Ross, 1967; Mamet and Mason, 1968; Brenckle, 1973; Sada and Danner, 1973,
1974; Rich, 1980) and with the Russian Upper Visean-Serpukhovian fusulinacean zones
(Aisenberg et al., 1963; Rozovskaya, 1961, 1963; Aisenberg et al., 1979; Semichatova et al., 1979;
Groves, 1988).

Pseudostaffella-Profusulinella Zone: The Pseudostaffella-Profusulinella Zone composed of
biosparite and bio-oosparite, consists of Pseudostaffella minuta, Nankinella yokoyamai, N. sp. and
Profusulinella sp. This zone is compared with the Upper half of the Pseudostaffella minuta-
Millerella marblensis Zone to the Profusulinella toriyamai Zone of the Atetsu Limestone (Sada et
al., 1992), and also with the Upper Morrowan-Middle Atokan and the Russian Bashkirian
fusulinacean zones.



50 Mutsumi FuiMoTo and Kimiyoshi SADA

Il. Systematic Description

Superfamily Fusulinacea von Moller, 1878
Family Ozawainellidae Thompson and Foster, 1937
Subfamily Ozawainellinae Thompson and Foster, 1937
Genus Millerella Thompson, 1942

Millerella marblensis Thompson
Figure 5-4—6

Millerella marblensis Thompson, 1942, p. 405-407, pl. 1, figs. 3-14.

Millerella marblensis, Thompson, 1944, p. 420-423, pl. 1, figs. 1-9, pl.2, figs.1-15.
Millerella marblensis, Thompson, 1948, p. 76, pl. 23, figs. 1-12, pl. 24, figs. 1-9.
Millerella marblensis, Thompson, 1951, p. 118, pl. 13, figs. 14, 17, pl. 14, figs. 3-5.
Millerella marblensis, Skinner and Wilde, 1954, p. 449, pl. 49, fig. 3.

Millerella cf. marblensis, 1go, 1957, p. 178-179, pl. 1, figs. 13-14, 18-19.

Millerella marblensis, Rich, 1961, pl. 142, figs. 1-9.

Millerella marblensis, Moore, 1964, p. 298-305, pl. 47, figs. 1-24, pl. 48, figs. 1-23.
Millerella marblensis, Ross and Sabins, 1965, p. 183-184, pl. 21, figs. 18-27.
Millerella marblensis, Ross and Tyrrell, 1965, p. 621-622, pl. 76, figs. 38-42.
Millerella marblensis, Pajic, 1965, p. 237, pl. 4, fig. 1.

Millerella marblensis, Sada, 1967, p. 140-142, pl. 12, figs. 13-14, pl. 13, figs. 1-3, 9.
Millerella aff. marblensis, Douglass, 1971, p. 5, pl. 2, figs. 2-3.

Millerella marblensis, Kobayashi, 1973, p. 207-208, pl. 30, figs. 23-24.

Millerella marblensis, Sada and Danner, 1974, p. 257-258, pl. 37, figs. 6-12, 14.
Millerella marblensis, Sada, 1975b, p. 6-7, pl. 1, figs. 1-7, pl. 6, figs. 6-8.
Millerella marblensis, Sada, 1975c, p. 33-35, pl. 8, figs. 6-9.

Millerella marblensis, Zeller, 1977, pl. 1, fig. 19, pl. 2, figs. 1-2, 6, 17-18, 25-26, pl. 3, fig. 1.
Millerella marblensis, Sada, 1980, p. 65-66, pl. 1, fig. 6.

Millerella marblensis, Groves, 1983, p. 17-18, pl. 4, figs. 13-17, pl. 5, fig. 10 7.
Millerella marblensis, Rui Lin, 1983, pl. 1, figs. 18-19.

Millerella cf. marblensis, Ginkel, 1983, p. 211, pl. 2, figs. 1-2.

Millerella marblesis, Groves, 1984, pl. 6, figs. 15-17.

Millerella aff. marblensis, Matsusue, 1986, pl. 6, fig. 17.

Millerella marblensis, Rui Lin , 1987, p. 383, pl. 3, figs. 9-11.

Millerella marblensis, Sada et al., 1992, p. 96-98, Fig. 3-19—27.

Descriptive remarks. —The shell of the illustrated specimen (Figure 5-5) is small and discoidal
in shape. The outer one or two volutions are evolute. The shell of the three and half volutions is
0.122 mm in length and 0.538 mm in width, giving a form ratio of 0.23. In the evolute shell of the

ez L R e




Carboniferous Fusulinacea from the Hina Limestone 51

Table 1. Measurements of Millerella marblensis Thompson (in mm).

Specimen HN42-7b HN42-15¢
Figure 5-5 5-6
Length 0.122 0.101
Width 0.538 0.441
Form ratio 0.23 0.23
Proloculus 0.051 0.074
Diameter of whorl
Vol.
1 0.141 0.148
2 0.244 0.258
3 0.460 0.441
3172 0.538
Thickness of spirotheca
0 0.020 0.023
1 0.018 0.021
2 0.022 0.016
3 0.021 0.018
3172 0.031

outer volution, the internal character and measured values of the shell, the illustrated specimens
herein are referable to Millerella marblensis originally described by Thompson (1942) from the
Lower Pennsylvanian Marble Fall Limestone in Texas.

Occurrence. — Millerella marblensis is common in the Eostaffella-Millerella Zone of the Hina
Limestone. Representative localities are HN42 and HN52.

Geological age.—Morrowan (Late Serpukhovian to Early Bashkirian).

Millerella toriyamai Ota
Figure 5-1—3

Millerella toriyamai Ota, 1971, p. 67-68, pl. 13, figs. 15-19.
Millerella toriyamai, Matsusue, 1986, pl. 6, fig. 14.
Millerella toriyamai, Ueno, 1989, pl. 1, fig. 18.

Descriptive remarks. —The shell of Millerella toriyamai is small and discoidal in shape, having
a subangular periphery and umbilicated poles. The shell of the illustrated specimen (Figure 5-2) is
0.102 mm in length and 0.360 mm in width, giving a form ratio of 0.28. The inner volutions are
involute or partially evolute. The proloculus is 0.021 mm in the outside diameter. In the general
shell shape and measured values, the present species is agreeable to Millerella toriyamai described
by Ota (1971) from the Millerella yowarensis Zone of the Akiyoshi Limestone.-

Occurrence. —Millerella toriyamai is common in the Eostaffella-Millerella Zone of the Hina
Limestone. Representative localities are HN11A, HN33 and HN44.

Geological age. —Morrowan (Late Serpukhovian to Early Bashkirian).
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Table 2. Measurements of Millerella toriyamai Ota (in mm).

Specimen HN33-f H10-84.0a
Figure 5-1 5-2
Length 0.119 0.102
Width 0.356 0.360
Form ratio 0.33 0.28
Proloculus 0.029 0.021
Diameter of whorl
Vol.
1 0.095 0.055
2 0.156 0.176
3 0.272 0.288
312 0.356 0.360
Thickness of spirotheca
0 0.004 0.005
1 0.010 0.005
2 0.006 0.009
3 0.013 0.009
312 0.013 0.016

Subfamily Pseudostaffellinae Putrya, 1959
Genus FEostaffella Rauser-Chernousova, 1948

Eostaffella kanmerai (Ig0)
Figure 4-6—9

Millerella kanmerai 1go, 1957, p. 175-177, pl. 1, figs. 20-26, pl. 2, fig. 14.
Eostaffella kanmerai, Sada, 1964, p. 230-231, pl. 21, figs. 8, 16-17.

Eostaffella kanmerai, Sada, 1967, p. 144-145, pl. 12, figs. 1-10.

Eostaffella kanmerai, Sada, 1969, p 120-121, pl. 12, figs. 1-13, pl. 13. figs. 1-2.
FEostaffella kanmerai, Sada and Danner, 1974, p. 259-261, pl. 37, figs. 1-3, 5, 18-19.
Eostaffella kanmerai, Sada, 1975c¢, p. 35-36, pl. 8, figs. 1-5.

Eostaffella kanmerai, Niikawa, 1978, p. 538, pl. 1, figs. 11-12.

Eostaffella kanmerai, Sada, 1980, p. 68-69, pl. 1, figs. 1-5, 11-13.

Eostaffella kanmerai, Rich, 1980, p. 40-41, pl. 18, figs. 6, 8-12, 14 2.
Eostaffella kanmerai, Sada et al., 1984, p. 390-391, pl. 75, figs. 1-8.

Eostaffella kanmerai, Niko, 1987, p. 123, Fig. 4-H-J.

Eostaffella kanmerai, Sada et al.,1992, Fig. 4-7—8.

Descriptive Remarks. — The shell of the present species is small and discoidal in shape with the
subangular to rounded periphery and umbilicated poles. The illustrated specimen (Figure 4-6) is
0.240 mm long and 0.585 mm wide, giving a form ratio of 0.41. The inner volutions are involute
and the outer ones are evolute to partially involute. The spirotheca consists of a tectum and inner
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Table 3. Measurements of Eostaffella kanmerai (Igo) (in mm).

Specimen HN42-18a HN113-3a HN113-8i
Figure 4-6 4-7 4-9
Length 0.240 0.218 0.168
Width 0.585 0.549 0.447
Form ratio 0.41 0.40 0.38
Proloculus 0.028 0.032 0.031
Diameter of whorl
Vol.
1 0.079 0.096 0.102
2 0.154 0.188 0.191
3 0.320 0.311 0.343
3172 0.447
4 0.585 0.467
412 0.549
Thickness of spirotheca
0 0.007 0.005 0.007
1 0.008 0.013 0.014
2 0.010 0.009 0.012
3 0.008 0.018 0.020
312 0.013
4 0.011 0.010
4172 0.013

and outer tectoria. The chomata are low and asymmetrical.

The present species is referred to Eostaffella kanmerai originally described from the Ichinotani
Formation (Igo, 1957) in Gifu Prefecture, from the lower part of the Atetsu Limestone (Sada,
1964; Sada et al.,1992) in Okayama Prefecture and from many other localities. Eostaffella
kanmerai has been described by many workers from the Upper Onimaruan (Chesterian or
Serpukhovian) and the Lower Kamitakaran (Lower Morrowan or Lower Bashkirian) in Japan.

Occurrence. — Eostaffella kanmerai is common in the Eostaffella-Millerella Zone of the Hina
Limestone. Representative localities are HN42 and HN113.

Geological age. —Late Chesterian to Early Morrowan (Serpukhovian to Early Bashkirian ).

Eostaffella akiyoshiensis Sada
Figure 3-10—13

Eostaffella akiyoshiensis Sada, 1975b, p. 9-10, pl. 1, figs. 15-23.
Eostaffella akiyoshiensis, Matsusue, 1986, pl. 6, fig. 9.
Eostaffella akiyoshiensis, Ueno, 1989. pl. 1, fig. 5.

Eostaffella akiyoshiensis, Sada et al., 1992, Fig. 4-1—6, 9—10.

Descriptive remarks. — The shell of the present species is discoidal, having a rounded periphery,
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Table 4. Measurements of Eostaffella akiyoshiensis Sada (in mm).

Specimen HN33-a HN33-33b HN33-31c
Figure 3-11 3-12 3-13
Length 0.122 0.115 0.151
Width 0.326 0.320 0.349
Form ratio 0.37 0.36 043
Proloculus 0.017 0.019 0.029
Diameter of whorl

Vol.

1 0.076 0.096 0.077

2 0.130 0.158 0.130

3 0.207 0.253 0.217

312 0.320

4 0.326 : 0.349
Thickness of spirotheca ‘

0 0.006 0.004 0.005

1 0.007 0.005 0.006

2 0.006 0.007 0.007

3 0.009 0.008 0.009

312 0.016

4 0.013 0.014

convex lateral slopes and umbilicated poles. The shell of the illustrated specimen (Figure 3-13) is
0.151 mm long and 0.349 mm wide, giving a form ratio of 0.43. The spirotheca is thin and is
composed of a tectum and inner and outer tectoria. The chomata are primitive and asymmetrical.

The present species is agreeable in the measured values and the internal characteristics to
Eostaffella akiyoshiensis originally described from the Akiyoshi Limestone (Sada, 1975b).

Occurrence. — Eostaffella akiyoshiensis is common in the Eostaffella-Millerella Zone to the
lower part of the Pseudostaffella-Profusulinella Zone of the Hina Limestone. Representative
localities are HN33, HN42 and HN44.

Geological age. —Chesterian to Late Morrowan (Late Visean to Early Bashkirian).

Eostaffella mosquensis Vissarionova
Figure 4-2

Eostaffella mosquensis Vissarionova, 1948, p. 222, pl. 14, figs. 4-6.

Eostaffella mosquensis, Ganelina, 1951, p. 188-189, pl.2, figs.1-2.

Eostaffella mosquensis, Durkina, 1959, p. 196-197, pl.20, fig. 10.

Eostaffella mosquensis, Rozovskaya, 1963, p. 93-94, pl.16, figs. 16-17, pl. 17, figs.1-5.
? Eostaffella mosquensis, Ozawa, 1976, p. 121-123, pl. 22, figs. 1-15, 17-19.
Eostaffella mosquensis, Niikawa, 1978, p. 538, pl. 1, figs. 5-7, 15.

? Eostaffella mosquensis, Rich, 1980, p. 41, pl. 18, figs. 13, 15-16, 20, 25.
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Eostaffella mosquensis, Wang Yujing et al., 1981, p. 17, pl. 1, figs. 4-5.
Eostaffella mosquensis, Da Y. and Sun Q., 1983, p. 7, pl. 1, figs. 3-4.
Eostaffella mosquensis, Zhao Zhixin et al., 1984, p. 55, pl. 1, figs. 1-4.
Eostaffella mosquensis, Matsusue, 1986, pl. 6, figs. 1-2.

Eostaffella mosquensis, Niko, 1987, p. 123, figs. 5-D, F, G, H.
Eostaffella mosquensis, Rui Lin, 1987, p. 377-378, pl. 2, figs. 19-23.

? Eostaffella mosquensis, Zhang Zuqi et al., 1987, p. 111, pl. 4, fig. 11.
Eostaffella mosquensis, Ueno, 1989, pl.1, fig. 6.

Eostaffella mosquensis, Ozawa and Kobayashi, 1990, pl. 1, figs. 16-18.

Descriptive remarks. —The shell of the present species is small and discoidal in shape with the
rounded periphery and the convex lateral slopes. The specimen illustrated as Figure 4-2 is about
0.232 mm in length and 0.519 mm in width, showing a form ratio of 0.45. The spirotheca is fairly
thick. The chomata are small and asymmetrical.

The present species resembles Eostaffella mosquensis described by Vissarionova (1948) and
Ganelina (1951) in some respects. They may be regarded as the same species.

Occurrence. —The present species came from the upper part of the Eostaffela-Millerella Zone
of the Hina Limestone. Representative localities are B2 and HN11A.

Geological age. —Late Chesterian to Early Morrowan (Serpukhovian).

Eostaffella ikensis Vissarionova

Figure 4-3

Eostaffella ikensis Vissarionova, 1948, p. 219-220, pl.13, figs. 8-10, pl. 14, fig. 1.
Eostaffella ikensis, Grozdilova and Lebedeva, 1954, p. 123-124, pl. 13, figs. 17-18.
Eostaffella ikensis, Durkina, 1959, p. 199, pl. 20, figs. 19-20.

Eostaffella ikensis, Bogush and Yuferev, 1962, p. 173, pl. 6, fig. 28.

Eostaffella ikensis, Rozovskaya, 1963, p. 95-97, pl. 17, figs. 10-19.

Millerella ikensis, Ginkel, 1965, p. 50-51, pl. 14, figs. 62-67, pl. 15, figs. 1-10.
Eostaffella ikensis, Han Jianxiu, 1980, p. 20, pl. 1, fig. 19.

Eostaffella aff. ikensis, Sashida, 1981, p. 6, pl. 2, figs. 1-2.

Eostaffella ikensis, Da Y. and Sun Q., 1983, p. 7, pl. 1, fig. 1 (non fig. 2).
Eostaffella ikensis, Matsusue, 1986, pl. 6, fig. 7.

Eostaffella ikensis, Zhang Zuqi et al., 1987, p. 117, pl. 3, fig. 6.

Descriptive remarks. —The shell of Eostaffella ikensis is small and discoidal in shape, having
the rounded periphery and the convex lateral slopes. The shell of four volutions illustrated as
Figure 4-3 is 0.271 mm in length and 0.629 mm in width, giving a form ratio of 0.43. The inner
volutions are involute and the last one is involute to partially evolute. The proloculus is spherical
and its outside diameter is 0.025 mm. The diameters of the whorls of the 1st to 4th volution are
0.099, 0.202, 0.351,and 0.629 mm, respectively. The chomata are low and asymmetrical.
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The present species resembles closely Eostaffella ikensis described by Vissarionova (1948) in
the shell shape, the measured values and the internal characteristics. The species can be referred to
Eostaffella ikensis Vissarionova. The present species is similar to Eosraffella mosquensis in some
respects, but differs from it in the rapid expansion of the whorls.

Occurrence. — Eostaffella ikensis is common in the Fostaffella-Millerella Zone of the Hina
Limestone. Representative localities are B76-11, HN44 and HN11A.

Geological age. — Chesterian to Early Morrowan (Late Visean to Serpukhovian).

Eostaffella paraprisca Durkina
Figure 3-16—17

Eostaffella paraprisca Durkina, 1959, p. 189, pl. 19, fig. 10.
Millerella bigemmicula, Sada, 1975b, pl. 1, fig. 13.
Eostaffella paraprisca, Matsusue, 1986, pl. 6, fig. 3.
Eostaffella paraprisca, Ueno, 1989, pl. 1, fig. 9.

Table 5. Measurements of Eostaffella paraprisca Durkina (in mm).

Specimen HN44-7b HN44-32h
Figure 3-16 3-17
Length 0.130 0.122
Width 0.334 0.292
Form ratio 0.39 0.42
Proloculus 0.030 0.026
Diameter of whorl
Vol.
1 0.084 0.110
2 0.158 0.219
2172 0.292
3 0.263
312 0.334
Thickness of spirotheca -
0 0.009 0.008
1 0.009 0.014
2 0.017 0.018
212 0.020
3 0.018
312 0.029

Descriptive remarks. —The shell of Eostaffella paraprisca Durkina is small for the genus and

discoidal in shape. The inner and outer volutions are involute. The illustrated specimen (Figure 3-
17) is 0.122 mm in length and 0.292 mm in width. The form ratio is 0.42. In the measured values

and the internal biocharacters the present species can be referred to Eostaffella paraprisca
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(Durkina, 1959; Matsusue, 1986; Ueno, 1989).

Occurrence.— The present species is common in the Eostaffella-Millerella Zone of the Hina
Limestone. Representative localities are H10, HN42 and HN44 .

Geological age. —Chesterian to Early Morrowan (Late Visean to Serpukhovian).

Eostaffella etoi Ota
Figure 4-13

Eostaffella etoi Ota, 1971, p. 69-70, pl. 13, figs. 16-33.
Eostaffella etoi, Sashida, 1981, p. 6-7, pl. 2, figs. 3-13.
Eostaffella etoi, Igo and Adachi, 1981, p. 113, pl. 4, figs. 2-12.
Eostaffella etoi, Matsusue, 1986, pl. 6, fig. 11.

Eostaffella etoi, Ueno, 1989, pl. 1, fig. 13.

Descriptive remarks.—The shell of Eostaffella etoi is small and discoidal in shape. The lateral
slopes are convex to straight and the periphery is convex to straight and is subangular. The inner
and outer volutions are involute. The shell of the illustrated specimens (Figure 4-13) is 0.178 mm
in length and 0.509 mm in width, giving a form ratio of 0.35.

The present species is quite identical to Eostaffella etoi (Ota, 1971) from the Akiyoshi
Limestone in the outline of shells, the internal biocharacters and measured values.

Occurrence. — Eostaffella etoi is rare in the Eostaffella-Millerella Zone of the Hina Limestone.
Representative localities are HN2 and HN44.

Geological age. —Late Chesterian to Late Morrowan (Serpukhovian to Early Bashkirian).

Table 6. Measurements of Eostaffella sp. A (in mm).

Specimen HN76-c HN44-d
Figure 4-10 4-11
Length 0.082 0.085
Width 0.218 0.212
Form ratio 0.38 0.40
Proloculus 0.033 0.020
Diameter of whorl

Vol.

1 0.073 0.056

2 0.131 0.129

3 0.218 0.212
Thickness of spirotheca

0 0.004 0.004

1 0.008 0.006
2 0.012 0.008
3 0.012 0.012
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Figure 3. 1-5. Mediocris mediocris (Vissarionova), 1-5. Axial sections. Rg.No. HN42-8e, HN113-5a,
HN113-10h, HN42-3d and HN70-a, respectively. 6-8. Mediocris adducta (Durkina), 6-7. Axial
sections. Rg.No. HN65-30c and HN113-a, respectively. 8. Sagittal section. Rg.No. HN65-27¢. 9.
Mediocris sp., 9. Axial section. Rg. No. HN65-3a. 10-13. Eostaffella akiyoshiensis Sada, 10.
Sagittal section. Rg.No. HN42-20b. 11-13. Axial sections. Rg.No. HN33-a, HN33-33b and HN33-
31c, respectively. 14-15. Eostaffella exilis Grozdilova and Lebedeva, 14. Axial section. Rg.No.
H10-98.9a. 15. Sagittal section. Rg.No. HN113-7a. 16-17. Eostaffella paraprisca Durkina, 16-17.
Axial sections. Rg.No. HN44-7b and HN44-32h, respectively. All figures x100.
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Eostaffella sp. A
Figure 4-10—11

Descriptive remarks. — The shell of Eostaffella sp. A is very small for the genus and discoidal in
shape. The specimen illustrated as Figure 4-10 is 0.082 mm long and 0.218 mm wide, giving a
form ratio of 0.38. The proloculus is spherical and its outside diameter is 0.033 mm. The diameters
of the whorls of the 1st to the 3rd volution are 0.073, 0.131 and 0.218 mm, respectively. The
spirotheca consists of a tectum and inner and outer tectoria.

The final identification of this species is to be postponed until more information of the species is
obtained.

Occurrence. — Eostaffella sp. A is common in the Eostaffella-Millerella Zone of the Hina
Limestone. Representative localities are HN42, HN44 and HN76.

Geological age. —Late Chesterian to Late Morrowan (Serpukhovian to Early Bashkirian).

Genus Mediocris Rozovskaya, 1961

Mediocris mediocris (Vissarionova)
Figure 3-1—5

Eostaffella mediocris Vissarionova, 1948, p. 222-223, pl. 14, figs. 7-9.
Eostaffella mediocris, Durkina, 1959, p. 193, pl. 20, figs. 1-3 (non pl.19, fig. 17).
Mediocris mediocris, Rozovskaya, 1963, p. 103-104, pl. 18 figs. 26-33.
Mediocris mediocris, Bogush and Yuferev, 1962, p. 158, pl. 6, fig. 5.

? Pseudoendothyra ex gr. spiroides, Okimura, 1963, pl. 39, fig. 16.

Mediocris mediocris, Poyarkov, 1965, p. 96-98, pl. 1, figs. 8-10.

Mediocris mediocris, Mamet, 1973, p.118, pl. 7, figs. 17-18.

Eostaffella kanmerai, Sada and Danner, 1974, p. 259-261, pl. 37, fig. 1.
Mediocris mediocris, Ozawa, 1976, p. 124-126, pl. 24, figs. 1-14.

Mediocris mediocris, Sashida, 1981, p. 12, pl.1, figs. 8-10, 13- 18.

Mediocris mediocris, Bird and Mamet, 1983, p. 139-140, pl. 1, fig. 10.
Mediocris mediocris, Niko, 1985, p. 170, pl. 2, figs.1-10,14-17.

Mediocris mediocris, Adachi, 1985, p. 127, pl. 22, figs.10-12, 16-17 (non 13-15).
Mediocris evolutis grandiosa, Adachi, 1985, p. 129, pl. 22, figs. 21-23.
Mediocris mediocris, Matsusue, 1986, pl. 5, fig. 3.

Mediocris mediocris, Rui Lin, 1987, p. 382, pl. 3, figs. 21-22.

Mediocris mediocris, Ueno, 1989, pl. 1, fig. 1.

Mediocris mediocris, Ozawa and Kobayashi, 1990, pl. 1, figs. 9-10.

Descriptive remarks. —The shell of Mediocris mediocris is small and discoidal in shape, having

the rounded periphery and the umbilicated poles. The inner volutions are involute and the last one
is involute to partially evolute. The specimen (Figure 3-5) measures 0.171 mm long and 0.402 mm
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Table 7. Measurements of Mediocris mediocris (Vissarionova) (in mm).

Specimen HN42-8e HN113-10h HN70-a
Figure 3-1 33 35
Length 0.130 0.118 0.171
Width 0.372 0.321 0.402
Form ratio 0.35 0.37 0.43
Proloculus 0.035 0.041 0.038
Diameter of whorl
Vol.
1 0.088 0.106 0.114
2 0.173 0.203 0.192
3 0.307 0.321 0.284
312 0.372 0.402
Thickness of spirotheca
0 0.007 0.010 0.010
1 0.006 0.008 0.008
2 0.009 0.009 0.010
3 0.011 0.013 0.013
312 0.018 0.014

wide, possessing a form ratio of 0.43. The proloculus is spherical and its outside diameter is 0.038
mm. The diamters of the whorls of the 1st to the first half of the 4th volution are 0.114, 0.192,
0.284 and 0.402 mm, respectively. The chomata are very primitive and asymmetrical.

The measured values and the internal modes of the present species are agreeable to those of
Mediocris mediocris originally described by Vissarionova (1948). They may be considered to be
of conspecific.

Occuurence. —Mediocris mediocris is common in the upper part of the Endothyra-Mediocris
Zone and the lower part of the Eostaffella-Millerella Zone of the Hina Limestone. Representative
localities are HN42, HN70 and HN113.

Geological age. —Late Meramecian to Chesterian (Late Visean to Early Serpukhovian).

Mediocris adducta Durkina
Figure 3-6—8

Eostaffella adducta Durkina, 1959, p. 194-195, pl. 20, figs. 6-7.
Mediocris adducta, Poyarkov, 1965, p. 198, PL. 1, fig. 13.
Mediocris adducta, Matsusue, 1986, pl. 5, fig. 5.

Descriptive remarks. —The shell of Mediocris adducta is large for the genus and discoidal in
shape. The periphery is subangular. The shell of the illustrated specimens (Figure 3-6) is 0.240
mm long and 0.605 mm wide. The form ratio is 0.40. The spirotheca is composed of a tectum and
inner and outer tectoria. The proloculus is spherical and its outside diameter is 0.060 mm.

The present species closely resembles Mediocris adducta reported by Matsusue (1986) from
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Table 8. Measurements of Mediocris adducta (Durkina) (in mm).

Specimen HN65-30c HN113-a
Figure 3-6 3-7
Length 0.240 0.189
Width 0.605 0.533
Form ratio 0.40 0.35
Proloculus 0.060 0.031
Diameter of whorl
Vol.
1 0.135 0.091
2 0.223 0.174
3 0.390 0.312
4 0.605 0.533
Thickness of spirotheca
0 0.016 0.009
1 0.013 0.009
2 0.030 0.017
3 0.032 0.019
4 0.030 0.017

Akiyoshi in the general outline of the shell, the internal modes and the measured values. This is
ascribable to Mediocris adducta.

Occurrence. —Mediocris adducta is common in the Endothyra-Mediocris Zone and the lower
part of the Eostaffella-Millerella Zone of the Hina Limestone. Representative localities are HN65
and HN113.

Geological age.—Meramecian to Chesterian (Visean to Early Serpukhovian).

Genus Ozawainella Thompson, 1935

Ozawainella japonica Sada
Figure 5-7—9

Ozawainella japonica Sada, 1975b, p. 13-15, pl. 2, figs. 5-7, 12, pl. 3, figs. 1-13, pl. 4, figs. 1-11,
pl. 6, fig. 3.

Ozawainella japonica, 1go and Adachi, 1981, p. 115-116, pl. 4, figs. 13-15, 17.

Ozawainella japonica, Matsusue, 1986. pl. 7, fig.7.

Ozawainella japonica, Ozawa and Kobayashi, 1990, pl. 2, figs. 5-6.

Descriptive remarks. —The shell of Ozawainella japonica is discoidal and involute, having an
angular periphery and straight to convex lateral slopes. The present specimen (Figure 5-9)
measures 0.259 mm long and 0.645 mm wide, showing a form ratio of 0.40. The spirotheca
consists of a tectum and inner and outer tectoria.

The present species can be referred to Ozawainella japonica described by Sada (1975b) from
the Akiyoshi Limestone.
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Figure 4.
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1. Mediocris sp. A, 1. Axial section. Rg.No. HN113-4c. 2. Eostaffella mosquensis Vissarionova, 2.
Axial section. Rg.No. B2-140.9d. 3. Eostaffella ikensis Vissarionova, 3. Axial section.Rg.No. B76-
11-98.7a. 4-5. Eostaffella ? kanmerai (Igo), 4-5. Axial sections. Rg.No. HN33-7a and HN44-7a,
respectively. 6-9. Eostaffella kanmerai (Igo), 6-9. Axial sections. Rg.No. HN42-18a, HN113-3a,
HN42-19a and HN113-8i, respectively. 10-11. Eostaffella sp.A, 10-11. Axial sections. Rg.No.
HN76-c and HN44-d, respectively. 12. Eostaffella sp.B, 12. Axial section. Rg.No. HN113-8e. 13.
Eostaffella etoi Ota, 13. Axial section. Rg.No. HN44-11b. All figures x100.
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Table 9. Measurements of Ozawainella japonica Sada (in mm).

Specimen HN44-24¢ HN33-13a HN44-13b
Figure 5-7 5-8 59
Length 0.192 : 0.220 0.259
Width 0.471 0.692 0.645
Form ratio 0.41 0.32 0.40
Proloculus 0.023 0.040 0.030
Diameter of whorl
Vol.
1 0.072 0.078 0.095
2 0.132 0.140 0.136
3 0.231 0.249 0.293
4 0.375 0.396 0.482
4172 0.471 0.645
5 0.544
5172 0.692
Thickness of spirotheca
0 0.007 0.014 0.006
1 0.007 0.015 0.010
2 0.009 0.024 0.009
3 0.014 0.027 0.016
4 0.013 0.028 0.020
4172 0.014 0.019
5 0.037
512 0.021

Occurrence. — Ozawainella japonica is common in the upper part of the Eostaffella-Millerella
Zone and the Pseudostaffella-Profusulinella Zone of the Hina Limestone. Representative localities
are HN33 and HN44.

Geological age. — Chesterian to Early Atokan (Late Visean to Bashkirian).

Genus Pseudostaffella Thompson, 1942

Pseudostaffella minuta Sada
Figure 5-11—14

Pseudostaffella minuta Sada, 1975b, p. 21-22, pl. 7, figs. 6-9.
Pseudostaffella minuta, Matsusue, 1986, pl. 7, fig. 1.
? Pseudostaffella (Semistaffella) variabilis, Ozawa and Kobayashi, 1990, pl. 2, figs. 7-8.

Remarks. —The present specimens are identical with Pseudostaffella minuta described from the
Taishaku Limestone (Sada, 1975a) and the Akiyoshi Limestone (Sada, 1975b) in the shell shape,
the internal characters and measured values. They are considered to be conspecific.

Occurrence. — Pseudostaffella minuta is common in the Pseudostaffella-Profusulinella Zone of
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the Hina Limestone. Representative localities are B2, HN33 and HN52.
Geological age. —Late Morrowan to Early Atokan (Bashkirian).

Family Staffellidae Miklukho-Maklay, 1949
Genus Nankinella Lee, 1931

Nankinella yokoyamai Sada
Figure 5-10.

Nankinella yokoyamai Sada, 1972, p. 441-443, pl. 52, fig. 22; pl. 53, figs. 1-2, 4-11.
Nankinella yokoyamai, Watanabe, 1974, p. 378-379, pl. 51, figs. 6-8.

Nankinella yokoyamai, Matsusue, 1986, pl. 7, fig. 5.

Nankinella yokoyamai, Ueno, 1989, pl. 1, fig. 20

Remarks. —In the general shell-shape, the internal characters and the measured values, the
present specimen illustrated as Figure 5-10 can be identified with Nankinella yokoyamai originally
described from the Taishaku Limestone (Sada, 1972).

Occurrence. — Nankinella yokoyamai is rare in the Pseudostaffella-Profusulinella Zone of the
Hina Limestone. Representative localities are B2 and H10.

Geological age. —Early Atokan (Late Bashkirian).

Figure 5. 1-3. Millerella toriyamai Ota, 1-2. Axial sections. Rg.No. HN33-f and H10-84.0a, respectively. 3.
Sagittal section. Rg.No. HN33-36g. 4-6. Millerella marblensis Thompson, 4-6. Axial sections.
Rg.No. HN42-18d, HN42-7b and HN42-15e,respectively. 7-9. Ozawainella japonica Sada, 7-9.
Axial sections. Rg.No. HN44-24c, HN33-13a and HN44-13b, respectively. 10. Nankinella
yokoyamai Sada, 10. Axial section. Rg.No. H10-84.0h. 11-14. Pseudostaffella minuta Sada, 11-14.
Sagittal sections. Rg.No. HN33-25b, HN33-23b, HN33-25c¢ and HN33-25d, respectively. All
figures x100.
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