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Carboniferous Primitive Fusulinaceans from the Koyama Limestone
in Okayama Prefecture, western Japan

Kimiyoshi Sapa, Kazuyoshi Nomura * and Mutsumi Fuyimoro * *

Faculty of Integrated Arts and Sciences,
Hiroshima University, Higashi-Hiroshima 739, Japan

Abstract . This paper treats of the Carboniferous fusulinacean zones of the Koyama
Limestone in the so-called Kibi-Highland of central Chugoku in western Japan and the
paleontological descriptions of sixteen species of Millerella, Ozawainella, Eostaffella,
Mediocris, Pseudostaffella, Profusulinella and Endothyra, and the illustrations of nine
species of Fusulinaceans and Endothyraceans. In this paper is also given the correlation
with the fusulinacean zones of the Akiyoshi Limestone.

Key words . Carboniferous, Primitive fusulinacea, Millerella, Ozawainella, Eostaffella,
Mediocris, Pseudostaffella, Profusulinella, Endothyra, Koyama Limestone, Okayama
Prefecture

I. Introduction

The Carboniferous and Permian Koyama Limestone in the so-called Kibi-Highland of
Okayama Prefecture, western Japan is well known among the Paleozoic students as well as
the Atetsu and Taishaku ones. The stratigraphical and structural studies of the Koyama
Limestone have been carried out by many Paleozoic students such as Ozawa (1925),
Kobayashi (1950), Yoshimura (1961), Yokoyama et al. (1979) and Otoh (1985). However,
the fusulinacean faunas, to make up the zonation of this limestone, have never been
described from this limestone. We consider that the Carboniferous faunas should be
described as the first step to set up the stratigraphy of the Koyama Limestone and based
on it the geologic structure of this limestone could be made clear in the nearest future.

In this paper we described the following species such as Millerella marblensis, M.
bigemmicula, Ozawainella japonica, Eostaffella kanmerai, E. akiyoshiensis, E. shuhodoensis,
E. mosquensis, E. ikensis, E. paraprisca, E. sp. A, Mediocris mediocris, M. breviscula,
Pseudostaffella minuta, P. taishakuensis, Profusulinella toriyamai and Endothyra exilis.
Furthermore nine species are illustrated herein. The Carboniferous of the Koyama
Limestone, based on this studies, is divided into four fusulinacean zones as stated below.
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Figure 1. The location of the studied area and the microfossil localities of the Hoya area in the Koyama
Limestone upland.
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Figure 2. The microfossil localities of the Iwayadani area in the Koyama Limestone upland.
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Figure 3. The microfossil localities of the Idekoyama area in the Koyama Limestone upland.
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II. Brief summary of Carboniferous fusulinacean zones

The Carboniferous of the Koyama Limestone is divided into four fusulinacean zones as
follows:  Endothyra-Mediocris Zone, Eostaffella-Millerella ~ Zone, Pseudostaffella-
Profusulinella Zone and Fusulinella Zone in ascending order. The Koyama Limestone,
however, is lacking both Fusulina and Triticites Zones and the Permian
Pseudoschwagerina-Parafusulina Zone unconformably overlies the Fusulinella Zone. Of
this limestone, the lower part is composed of the Carboniferous basic volcanic rocks and
the Carboniferous limestones mainly consist of micrite limestones and the Permian
generally sparite limestones.

The Endothyra-Mediocris Zone is generally composed of biomicritic limestones and its
thickness ranges 60 to 100 m. This zone is characterized by Endothyra similis Rauzer-
Chernousova, E. irinae Reitlinger, E. exilis Rauzer-Chernousova, E. sp., Planoendothyra sp.,
Mediocris mediocris Rozovskaya and M. breviscula (Ganelina). The Endothyra-Mediocris
Zone of Koyama can be correlated with the Endothyra Zone to the Mediocris mediocris
Zone of Akiyoshi (Matsusue, 1992).

The Eostaffella-Millerella Zone, whose thickness is estimated at 50 to 100 m, is mainly
made up by biomicrite and partly by biosparite. The present zone is characterized by
Eostaffella ikensis Vissarionova, E. akiyoshiensis Sada, E. kanmerai (Igo), E. mosquensis
Vissarionova, E. paraprisca Durkina, E. shuhodoensis Sada, E. sp. A, Millerella marblensis
Thompson, M. bigemmicula Igo and Ozawainella japonica Sada, and may be correlated with
the Eostaffella mosquensis Zone to the Millerella yowarensis Zone of Akiyoshi (Matsusue,
1992).

The Pseudostaffella-Profusulinella Zone is generally composed of biomicrite and partly
of biosparite, and measures about 80 m thick. This zone is mainly characterized by
Pseudostaffella minuta Sada, P. taishakuensis Sada, Nankinella yokoyamai Sada,
Eoschubertella sp., Profusulinella toriyamai Sada, P. rhomboides (Lee et Chen) and P.
fusiformis Sada, and the zone can be compared with the Pseudostaffella minuta Zone to the
Profusulinella beppensis Zone of Akiyoshi (Matsusue, 1992).

The Fusulinella Zone consists of micrite and sparite limestones and its thickness attains
70 to 110 m. The characteristic species of this zone are Fusulinella taishakuensis Sada and
F. sp. This zone is considered to be comparable with the Fusulinella biconica Zone to the
Fusulinella taishakuensis Zone of Akiyoshi (Ueno, 1989).
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Systematic Description

1.

Superfamily Fusulinacea von Moller, 1878

Family Ozawainellidae Thompson and Foster, 1937
Subfamily Ozawainellinae Thompson and Foster, 1937

Genus Millerella Thompson, 1942
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Type species. — Millerella marblensis Thompson, 1942

Millerella marblensis Thompson
Figure 8-1—3

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, Tompson, 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, Igo, 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. L.

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, 1975a, p. 6-7, pl. 1, figs. 1-7, pl. 6, figs. 6-8.
Millerella marblensis, Sada, 1975b, 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 2.
Millerella marblensis, Rui Lin , 1983, pl. 1, figs. 18-19.

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

Millerella marblensis, 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, Figure 3-19—27.

Millerella marblensis, Fujimoto and Sada, 1994, p. 50-51, Figure 5-4—6.

Remarks. — Shell of Millerella marblensis Thompson illustrated in Figure 8-1 measures
168 #m in length and 470 #m in width, giving a form ratio of 0.36. Quter volutions are
evolute. Spirotheca is composed of a tectum and inner and outer tectoria. Chomata are
small and primitive.

In measured values, shell shape and internal biocharacters, the present species can be
referred to Millerella marblensis originally described by Thompson (1942) from the
Lower Pennsylvanian Marble Falls Limestone in Texas.

Localities. — The representative localities are as follows: K55024, K56052 (Hoya area);
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K55042, K55051 (Iwayadani area); K55089, K55101 (Idekoyama area); HO56, HOS82

(Yokomatsu area).

Fusulinacean zone. — FEostaffella-Millerella Zone to Pseudostaffella-Profusulinella Zone.

Table 5.

Specimen
Figure
Length
Width
Form ratio
Proloculus
Diameter of whorl
Vol.
1
2
3
31/2
4
41/2
Thickness of spirotheca
0
1
2
3
31/2

41/2

Measurements of Millerella marblensis Thompson (in mm).

HO56b
8-1
0.168
0.470
0. 36
0.044

0.157
0.233
0.470

0.010
0.013
0.020
0.028

K55089b
8-2
0.148
0.420
0.35
0.021

0.101
0.187
0.353
0. 420

0.010
0.011
0.011
0.015
0.014

Millerella bigemmicula Igo, 1957

Figure 7-12

Millerella bigemmicula Igo, 1957, p. 172-174, pl. 1, figs. 1-4, 9.
Eostaffella etoi Ota, 1971, p. 69-70, pl. 13, figs. 16-33 (part).
Millerella bigemmicula, Kobayashi, 1973, p. 208, pl. 30, figs. 21-22.

Millerella bigemmicula, Sada, 1975a, p. 7-9, pl. 1, figs. 9-11, 14 (part).

Millerella bigemmicula, Sada, 1980, p. 66, 68, pl. 1, figs. 7-10.

FEostaffella etoi, Sashida, 1981, p. 6-8, pl. 2, figs. 3-13.

Eostaffella etoi, Igo and Adachi, 1981, p. 113, pl. 4, figs. 2-12.
Millerella cf. bigemmicula, Ginkel, 1983, p. 209, pl. 1, figs. 35-36 (part).

Eostaffella bigemmicula, Matsusue, 1986, pl. 6, fig. 5.
Eostaffella bigemmicula, Ueno, 1989, pl. 1, fig. 8.

HO82al
8-3
0.172
0.755
0.23
0.033

0.116
0.200
0.358

0. 604
0.745

0. 008
0. 009

0.011
0.019

0.020
0. 028
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Remarks. — Shell of the illustrated specimen (Figure 7-12) is discoidal, having a
broadly rounded periphery and umbilicated poles. Shell of four volutions is 139 ¢#m in
length and 459 #m in width, possessing a form ratio of 0. 30. Last volution is partially
evolute to evolute. Outside diameter of proloculus measures 39 #m. Diameters of whorls of
the 1st to the 4th volution are 87, 151, 260 and 459 x#m, respectively.

The present specimen can be identified with Millerella bigemmicula described by Igo
(1957), Ota (1971), Sada (1975a, 1980) and others, judging from discoidal and evolute
form, size, and internal biocharacters of shells.

Localities. — The representative localities are as follows: K55026, K56061 (Hoya area);
K55040, K55048 (Iwayadani area); K55100, K56270 (Idekoyama area); HO37, HO78
(Yokomatsu area).

Fusulinacean zone. — Eostaffella-Millerella Zone to lower part of Fusulinella Zone.

Genus Ozawainella Thompson, 1935
Type species. — Fusulinella angulata Colani, 1924

Ozawainella japonica Sada
Figure 8-5

Ozawinella 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, Igo 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.

Ozawainella japonica, Fujimoto and Sada, 1994, p. 61-63, Figure 5-7—9.

Remarks. — Shell of Ozawainella japonica is discoidal and involute. Periphery is
angular and lateral slopes are straight to convex. The present specimen is 170 #m in
length and 465 #m in width, giving a form ratio of 0. 37. Proloculus is spherical and its
outside diameter is 33 #m.

The present specimen illustrated in Figure 3-5 is not in good preservation. However, the
specimen is referable to Ozawainella japonica described by Sada (1975b) from the
Akiyoshi Limestone in its size and internal biocharacters.

Localities. — The representative localities are as follows : K56019, K56052 (Hoya area);
K55048, K55052 (Iwayadani area); K55004, K55100 (Idekoyama area); H007, HO072
(Yokomatsu area).

Fusulinacean zone. — Eostaffella-Millerella Zone to Pseudostaffella-Profusulinella Zone.
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Subfamily Pseudostaffellinae Putrya, 1959

Genus Eostaffella Rauzer-Chernousova, 1948
Type species. — Staffella (Eostaffella) parastruvei Rauzer-Cherunousova, 1948

Eostaffella kanmerai (Igo)
Figure 7-1—2

Millerella kanmerai Igo, 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.
Eostaffella kanmerai, Sada and Danner, 1974, p. 259-261, pl. 37, figs. 1-3, 5, 18-19.
Eostaffella kanmerai, Sada, 1975b, 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 7.
Fostaffella kanmerai, Sada et al., 1984, p. 390-391, pl. 75, figs. 1-8.
Eostaffella kanmerai, Niko, 1987, p. 123, Figure 4-H—].

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

Eostaffella kanmerai, Fujimoto and Sada, 1994, p. 52-53, Figure 4-6—09.

Table 6. Measurements of Eostaffella kanmerai (Igo) (in mm).

Specimen K55004e K55110b
Figure 7-1 7-2
Length 0.162 0.190
Width 0. 462 0.499
Form ratio 0.35 0.38
Proloculus 0.044 0.034
Diameter of whorl

Vol.

1 0.128 0.134

2 0. 257 0.235

3 0.462 0. 376

31/2 0.499
Thickness of spirotheca

0 0.010 0. 008

2 0.022 0.015

3 0.016 0.011

31/2 0.014
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Remarks. — Shell of the illustrated specimen (Figure 7-2) is 190 #m long and 499 zm
wide, having a form ratio of 0.38. Shell is discoidal in shape with subangular to rounded
periphery and umbilicated poles. The inner and outer volutions are involute and
spirotheca is composed of a tectum and inner and outer tectoria. In measured values and
biocharacters of shells, the present species is quite similar to Eostaffella kanmerai from
the Ichinotani Formation (Igo, 1957) in Gifu Prefecture, the Atetsu (Sada, 1964 : Sada et
al.,, 1992), North America (Sada and Danner, 1974) and others.

Localities. — The representative localities are as follows: K55024, K56011 (Hoya area);
K55051, K55065 (Iwayadani area); K55004, K55008 (Idekoyama area); H033, K55110
(Yokomatsu area).

Fusulinacean zone. — FEostaffella-Millerella Zone to lower part of Pseudostaffella-
Profusulinella Zone.

Eostaffella akiyoshiensis Sada
Figure 7-3—5

Eostaffella akiyoshiensis Sada, 1975a, p. 9-10, pl. 1, figs. 15-23.

Eostaffella akiyoshiensis, Matsusue, 1986, pl. 6, fig. 9.

FEostaffella akiyoshiensis, Ueno, 1989, pl. 1, fig. 5.

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

Eostaffella akiyoshiensis, Fujimoto and Sada, 1994, p. 53-54, Figure 3-10—13.

Remarks. — Shell of FEostaffella akiyoshiensis is discoidal in shape with rounded
periphery, convex lateral slopes and umbilicated poles. Shell of the specimen (Figure 7-3)
is 191 #m in length and 380 #m in width. Form ratio is 0.50. Spirotheca consists of a
tectum and inner and outer tectoria. In size and internal biocharacters, the present species
can be referred to Eostaffella akiyoshiensis from Akiyoshi (Sada, 1975a).

Figure 6. 1-2. Endothyra exilis Rauzer-Chernousova, 1, Axial section, Rg. No. K56020b. 2, Sagittal
section, Rg. No. K56013b. 3. Endothyra similis Rauzer-Chernousova and Reitlinger, Axial
section, Rg. No. K56032a. 4-5. Mediocris breviscula (Ganelina), 4-5, Axial sections, Rg. No.
K55038b and K55071b, respectively. 6-7. Endothyra sp., 6, Axial section, Rg. No. K55083a. 7,
Sagittal section, Rg. No. K55096b. 8. Endothyra irinae Reitlinger, Axial section, Rg. No. H026b.
9. Endostaffella sp., Axial section, Rg. No. K56211f. 10. Planoendothyra sp., Axial section, Rg.
No. K55025a. 11-12. Mediocris mediocris (Vissarionova), 11-12, Axial sectons, Rg. No. K55082a
and K56046b, respectively. 13-14. Mediocris sp., 13-14, Axial sections, Rg. No. K55092a and
K56216a, respectively.

All figures x100.
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Localities. — The representative localities are as follows: K56012, K56051 (Hoya area),
K55051, K56008 (Iwayadani area); K55010, K55100 (Idekoyama area); H065, H066, HO83
(Yokomatsu area).

Fusulinacean zone. — Eostaffella-Millerella Zone to lower part of Pseudostaffella-
Profusulinella Zone.

Table 7. Measurements of Eostaffella akiyoshiensis Sada (in mm).

Specimen HO065a HO83bl
Figure 7-3 7-4
Length 0.191 0.151
Width 0.380 0.382
Form ratio 0.50 0.40
Proloculus 0.041 0.035
Diameter of whorl
Vol.
1 0.162 0.085
2 0.249 0.150
3 0.380 0.233
4 0.382
Thickness of spirotheca
0 0.009 0.006
1 0.007 0.011
2 0.016 0.014
3 0.015 0.015
4 0.023

Eostaffella shuhodoensis Sada
Figure 7-11

Eostaffella shuhodoensis Sada, 1975a, pl. 2, figs. 2-4.

Remarks. — Shell of Eostaffella shuhodoensis Sada (Figure 7-11) is 289 x#m long and
589 um wide, having a form ratio of 0.49, and discoidal form with rounded periphery and
umbilicated poles. Proloculus is large and measures 31 #m. Diameters of the whorls of the
1st to the 4th volution are 134, 212, 396 and 589 x#m, respectively.

The present specimen closely resembles the Akiyoshi one (Sada, 1975a, pl. 2, fig. 2) in
size, modes and internal biocharacters of shell. The present species may be ascribed to
Eostaffella shuhodoensis Sada.

Localities. — The representative localities are as follows: K56052, K56018 (Hoya area);
K55042, K55065 (Iwayadani area); K55008, K56270 (Idekoyama area); KH004, K55106
(Yokomatsu area).
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Fusulinacean zone. — FEostaffella-Millerella Zone to lower part of Pseudostaffella-
Profusulinella Zone.

Eostaffella mosquensis Vissarionova
Figure 7-10

Fostaffella 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.
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.
Eostaffella mosquensis, Fujimoto and Sada, 1994, p. 54-55, Figure 4-2.

Remarks. — Shell of Eostaffella mosquensis Vissrionova (Figure 7-10) is 314 #m in
length and 594 #m in width, giving a form ratio of 0.53. Inner and outer volutions are
involute. Outside diameter of proloculus measures 49 #m. Diameters of whorls of the 1st to
the 4th volution are 145, 305, 465 and 594 xm, respectively. Spirothecal thickness of the
1st to 4th volution are 11, 20, 35 and 23 xm, respectively.

Eostaffella mosquensis has been described from many places in the Late Chesterian to
the Early Morrowan. The present species (Figure 7-10) is poor in preservation. However,
it resembles Eostaffella mosquensis originally described by Vissarionova in the measured
values, internal modes and biocharacters, and can be identified with FEostaffella
mosquensis Vissarionova (1948).

Localities. — The representative localities are as follows: K56012, K56201 (Hoya area);
K55051, K56239 (Iwayadani area); K55011, K55100 (Idekoyama area); HO068, K55107
(Yokomatsu area).

Fusulinacean zone. — Eostaffella-Millerella Zone.
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Fostaffella ikensis Vissarionova
Figure 7-7—9

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

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

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

ikensis, Han Jianxiu, 1980, p. 20, pl. 1, fig. 19.

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

ikensis, Da Y. and Sun Q., 1983, p. 7, pl. 1, fig. 1.

ikensis, Matsusue, 1986, pl. 6, fig. 7.

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

Eostaffella ikensis, Fujimoto and Sada, 1994, p. 55-56, Figure 4-3.

Remarks. — Shell of Eostaffella ikensis Vissarionova illustrated in Figure 7-9 is 246 p#m
in length and 580 #m in width and has a form ratio of 0. 42. Shell is discoidal in form,
with rounded periphery and convex lateral slopes. Inner and outer volutions are involute.
Diameters of whorls of the 1st to the 4th volution in a specimen (Figure 7-9) are 118, 192,
316 and 580 xm, respectively. The last whorl expands rapidly.

The present species is closely allied to Eostaffella ikensis Vissarionova (1948) in the
shell shape, measured values and internal characteristics. They may be conspecific.

Localities. — The representative localities are as follows: K56012, K56201 (Hoya area);
K55042, K56241 (Iwayadani area); K55012, K56270 (Idekoyama area); H055, K55119
(Yokomatsu area)

Fusulinacean zone. — FEostaffella-Millerella Zone to lower part of Pseudostaffella-
Profusulinella Zone.

1-2. Eostaffella kanmerai (Igo), 1-2, Axial sections, Rg. No. K55004e and K55110b,
respectively. 3-5. FEostaffella akiyoshiensis Sada, 3-4, Axial sections, Rg. No. H065a and
HO83bl, respectively. 5, Sagittal section, H066a. 6. Eostaffella paraprisca Durkina, Axial
section, Rg. No. K55053d. 7-9. Eostaffella ikensis Vissarionova, 7-9, Axial sections, Rg.
No. HO55b, K55119b1 and K56270b, respectively. 10. Eostaffella mosquensis Vissarionova,
Axial section, Rg. No. K56239b. 11. Eostaffella shuhodoensis Sada, Axial section, Rg. No. K55106a.
12. Millerella bigemmicula Igo, Axial section, Rg. No. HO78b. 13-14. Eostaffella sp. A, 13-14,
Axial sections, Rg. No. HO78a and K55116b, respectively.

All figures x100.

Figure 7.
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Table 8. Measurements of Eostaffella ikensis Vissarionova (in mm).

Specimen HO55b K55119b1 K56270b
Figure 7-7 7-8 7-9
Length 0. 249 0. 208 0. 246
Width 0. 527 0. 507 0. 580
Form ratio 0.47 0.41 0.42
Proloculus 0.038 0.053 0.032
Diameter of whorl
Vol
1 0. 106 0. 100 0.118
2 0.181 0.184 0.192
3 0.311 0. 306 0. 316
4 0.527 0.507 0. 580
Thickness of spirotheca
0 0.010 0.010 0. 008
1 0. 006 0.011 0.012
2 0.011 0.012 0.019
3 0.016 0.014 0.014
4 0.018 0.019 0. 025

Eostaffella paraprisca Durkina
Figure 7-6

Eostaffella paraprisca Durkina, 1959, p. 189, pl. 19, fig. 10.

Eostaffella paraprisca, Matsusue, 1986, pl. 6, fig. 3.

Eostaffella paraprisca, Ueno, 1989, pl. 1, fig. 9.

Eostaffella paraprisca, Fujimoto and Sada, 1994, p. 56-57, Figure 3-16—17.

Remarks. — Shell of Eostaffella paraprisca Durkina is small for the genus and discoidal
in shape. Inner and outer volutions are involute. Shell of the present specimen (Figure
7-6) is 181 #m long and 419 x#m wide, giving a form ratio of 0. 43. Diameters of whorls of
the 1st to the 3rd volution are 111, 239 and 396 um, respectively.

The present species resembles FEostaffella paraprisca described by Durkina (1959) in
size, internal modes and biocharacteristics. They may be regarded as the same species.

Localities. — The representative localities are as follows: K55024, K56080 (Hoya area);
K55042, K55053 (Iwayadani area); K55010, K55086 (Idekoyama area); HO010, H066
(Yokomatsu area).

Fusulinacean zone. — Eostaffella-Millerella Zone to lower part of Fusulinella Zone.

Eostaffella sp. A
Figure 7-13—14
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Eostaffella sp. A, Fujimoto and Sada, 1994, p. 59, Figure 4-10—11.

Remarks. — Shell of Eostaffella sp. A is discoidal in shape and inner and outer
volutions are involute. Shell of the illustrated specimen (Figure 7-13) is 130 #m long and
271 pm wide and its form ratio is 0. 48.

The present species is small for the genus and it somewhat resembles Eostaffella
paraprisca described by Fujimoto and Sada (1994) from the Hina Limestone in Okayama
Prefecture. The final identification, however, will be put off until more information is
obtained.

Localities. — The representative localities are as follows: K56201, K56202 (Hoya area);
K55040, K56035 (Iwayadani area):; K55087, K55101 (Idekoyama area); HO78, K55116
(Yokomatsu area).

Fusulinacean zone. — Eostaffella-Millerella Zone to Pseudostaffella-Profusulinella Zone.

Genus Mediocris Rozovskaya, 1961
Type species. — FEostaffella mediocris Vissarionova, 1948

Mediocris mediocris (Vissarionova)
Figure 6-11—12

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. 107-108, pl. 19, figs. 11-13.
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, fig. 9-10.

Mediocris mediocris, Fujimoto and Sada, 1994, p. 59-60, Figure 3-1—5.

Remarks. — Shell of Mediocris mediocris is small and discoidal, with rounded periphery



56 Kimiyoshi Sapa, Kazuyoshi Nomura and Mutsumi Funmoro

and umbilicated poles. Inner and outer volutions are involute except for the last one that is
partially evolute. Shell of the present species (Figure 6-12) is 168 #m in length and 536
p#m in width. Form ratio is 0. 31. Spirotheca is composed of a tectum and inner and outer
tectoria. Chomata are very primitive and asymmetrical.

The present species may be referable to Mediocris mediocris Vissarionova (1948) in
general outline of shell, measured values and internal biocharacteristics.

Localities. — The representative localities are as follows: K56024, K56046 (Hoya area);
K55035, K56008 (Iwayadani area); K55082, K56291 (Idekoyama area); HO019, H022
(Yokomatsu area).

Fusulinacean zone. — Endothyra-Mediocris Zone to the lower part of Eostaffella-
Millerella Zone.

Table 9. Measurements of Mediocris mediocris (Vissarionova) (in mm).

Specimen K55082a K56046b
Figure 6-11 6-12
Length 0.168 0.168
Width 0.407 0.536
Form ratio 0.41 0.31
Proloculus 0.061 0.041
Diameter of whorl

Vol.

1 0.152 0.111

2 0.290 0. 204

21/2 0. 407

3 0.322

4 0.536
Thickness of spirotheca

0 0. 007 0.013

1 0. 006 0. 006

2 0. 009 0. 008

21/2 0.010

3 0.020

4 0.011

Mediocris breviscula (Ganelina)
Figure 6-4—5

Eostaffella mediocris var. breviscula Ganelina, 1951, p. 197-198, pl. 3, figs. 1-3.
Mediocris breviscula, Rozovskaya, 1963, p. 108-109, pl. 19, figs. 14-17.
Mediocris breviscula, Poyarkov, 1965, p. 90-95, figs. 1-4.

Mediocris breviscula, Bird and Mamet, 1983, p. 137-139, pl. 1, figs. 1-9.
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Mediocris cf. breviscula, Ginkel, 1983, p. 208, pl. 1, figs. 5-7.
Mediocris breviscula, Rui, 1987, p. 382, pl. 1, figs. 1-6.

Mediocris aff. breviscula, Ginkel, 1987, p. 201-202, Figs. 3.3-34.
Mediocris breviscula, Sada et al., 1992, p. 99-102, Figure 3-1—18.

Remarks. — Shell of Mediocris breviscula is small and discoidal, possessing rounded
periphery and umbilicated poles. Shell of the present species (Figure 6-5) measures 81 #m
in length and 219 p#m in width. Its form ratio is 0.37. Inner volutions are involute and the
last one is partially evolute.

In shell shape, measured values and internal biocharacters, the present species is quite
similar to Mediocris breviscula described by Ganelina (1951), Ginkel (1983), Rui (1987),
Sada et al. (1992) and others.

Localities. — The representative species are as follows: K56015, K56054 (Hoya area);
K55038, K55071 (Iwayadani area); K55006, K55095 (Idekoyama area); H020, HO033
(Yokomatsu area).

Fusulinacean zone. — Endothyra-Mediocris Zone to lower part of Fusulinella Zone.

Table 10. Measurements of Mediocris breviscula (Ganelina) (in mm).

Specimen K55038b K55071b
Figure 6-4 6-5
Length 0.053 0.081
Width 0. 200 0.219
Form ratio 0.27 0.37
Proloculus 0.036 0.031
Diameter of whorl

Vol.

1 0.107 0.095

2 0. 200 0.118

21/2 0.219
Thickness of spirotheca

0 0.009 0. 008

1 0. 008 0. 006

2 0. 007 0. 006

2 1/2 0.010

Genus Pseudostaffella Thompson, 1942
Type species. — Pseudostaffella needhami Thompson, 1942

Pseudostaffella minuta Sada
Figure 8-4
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Pseudostaffella minuta Sada, 1975a, 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.
Pseudostaffella minuta, Fujimoto and Sada, 1994, p. 63-64, Figure 5-11—14.

Remarks. — Shell of the illustrated specimen (Figure 8-4) is very small and
subspherical and is 310 #m long and 408 #m wide, giving a form ratio of 0. 76. Proloculus
measures 30 #m. Diameters of whorls of the 1st to the 4th-and-a-half volution are 83, 145,
229, 345 and 408 pxm, respectively. Spirotheca consists of a tectum and inner and outer
tectoria. Spirothecal thickness of the first to the 4th-and-a-half volution is 6 to 24 #m.
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The present species are identified with Pseudostaffella minuta Sada (1975a) from the
Akiyoshi Limestone of Yamaguchi Prefecture in shell shape, internal biocharacters and
measured values.

Localities. — The representative localities are as follows: K56013, K56018 (Hoya area);
K55045, K56010 (Iwayadani area); K55004, K55089 (Idekoyama area); HO062, HO83
(Yokomatsu area).

Fusulinacean zone. — Pseudostaffella-Profusulinella Zone.

Pseudostaffella taishakuensis Sada
Figure 8-9—10

Pseudostaffella taishakuensis Sada, 1972, p. 440-441, pl. 52, figs. 13-21, pl. 53, fig. 12.

Remarks. — Shell of the present species (Figure 8-10) is small and subspherical in
shape. Shell of Sth-and-a-half volutions measures 802 #m in length and 657 #m in width.
Its form ratio is 1.2. Spirotheca is composed of a tectum and inner and outer tectoria.
Chomata are well developed in the outer volutions.

Judging from general outline of shell, internal modes and measured values of shell, the
present species can be referred to Pseudostaffella taishakuensis originally described by
Sada (1972) from the Taishaku Limestone.

Localities. — The representative localities are as follows: K56018, K56202 (Hoya area);
K55043, K56252 (Iwayadani area): K55086, K55098 (Idekoyama area); H082, HO083
(Yokomatsu area).

Fusulinacean zone. — Pseudostaffella-Profusulinella Zone.

Figure 8. 1-3. Millerella marblensis Thompson, 1-3, Axial sections, Rg. No. HO56b, K55089b and H082al,
respectively. 4. Pseudostaffella minuta Sada, Axial section, Rg. No. HO83a. 5. Ozawainella
japonica Sada, Axial section, Rg. No. K55048d. 6. Nankinella yokoyamai Sada, Axial section, Rg.
No. K55047¢. 7-8. Profusulinella sp., 7-8, Sagittal sections, Rg. No. K55119b2 and K55119b3,
respectively. 9-10. Pseudostaffella taishakuensis Sada, 9-10, Axial sections, Rg. No. HO83b2
(x50) and H082a2 (x50), respectively.

All figures x100 unless otherwise stated.
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Table 11. Measurements of Pseudostaffella taishakuensis Sada (in mm).

Specimen HO083b2 HO082a2
Figure 8-9 8-10
Length 0.737 0.802
Width 0.576 0. 657
Form ratio 1.28 1.22
Proloculus 0.027 0.030
Diameter of whorl
Vol.
1 0. 068 0.111
2 0.114 0.186
3 0. 209 0.220
4 0. 309 0. 369
5 0.472 0. 560
51/2 0.576 0.657
Thickness of spirotheca
0 0. 005 0.008
1 0. 005 0.011
2 0.010 0.013
3 0.013 0.015
4 0. 029 0.018
5 0.031 0.017
51/2 0. 026 0. 020

Family Fusulinidae von Moller, 1878
Subfamily Fusulinellinae Staff and Wedekind, 1910

Genus Profusulinella Rauzer-Chernousova and Beljaev, 1936
Type species. — Profusulinella pararhomboides Rauzer-Cherunousova and Beljaev, in
Rauzer-Chernousova et al., 1936

Profusulinella toriyamai Sada
Figure 9-1—2

Profusulinella sp. A Toriyama, 1958, p. 35-36, pl. 1, figs. 20-21.
Profusulinella toriyamai Sada, 1961, p. 97-99, pl. 9, figs. 1-13.
Profusulinella toriyamai, Sada, 1972, p. 438-439, pl. 52, figs. 1-4.

Remarks. — Shell of Profusulinella toriyamai Sada is small and ellipsoidal in shape. The
present specimen illustrated in Figure 9-2 is 546 #m long and 393 x#m wide, giving a form
ratio of 1.3. Proloculus is spherical and its outside diameters is 61 z#m. Diameters of
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whorls of the 1st to the 4th volution are 103, 168, 278 and 393 u#m, respectively. Spirotheca
consists of a tectum and inner and outer tectoria and its thickness of the 1lst to the 4th
volution is 8 to 23 pm.

In shell shape, internal modes and measured values, the present species is ascribed to
Profusulinella toriyamai Sada.

Localities. — The represetative localities are as follows: K56019, K56066 (Hoya area);
K56010, K56250 (Iwayadani area); HO71, HO83 (Yokomatsu area).

Fusulinacean zone. — Upper part of Pseudostaffella-Profusulinella Zone to Fusulinella
Zone.

Superfamily Endothyracea Brady, 1884
Family Endothyridae Brady, 1884
Subfamily Endothyrinae Brady, 1884

Genus Endothyra Phillips, 1846
emend. Brady, 1846
Type species. — Endothyra bowmani Phillips, 1846

Endothyra exilis Rauzer-Cherunousova
Figure 6-1—2

Endothyra exilis Rauzer-Chernousova, 1948, p. 178-179, pl. 5, figs. 11-13.
Endothyra exilis, Golubtsov, 1957, p. 110-111, pl. 2, figs. 15-16.
Plectogyra exilis, Ivanova, 1973, pl. 5, fig. 8 ; pl. 14, fig. 11.

Omphalotis ? exilis, Armstrong and Mamet, 1977, p. 65.

Endothyra exilis, Rich, 1980, p. 21, pl. 6, fig. 6 ; pl. 7, figs. 1, 2, 16.

Remarks. — Shell of Endothyra exilis Rauzer-Chernousova illustrated in Figure 6-1 is
discoidal and skew-coiled throughout growth. Shell is umbilicate on one side and involute
to partially evolute. It is 204 #m in length 508 #m in width, giving a form ratio of 0. 40.
Septa are straight to moderately curved and bent anteriorly. Spirotheca is composed of a
thin tectum, and microgranular and thick fibrous inner layer.

The present specimens are similar to the specimens reported as Endothyra exilis by
Rauzer-Chernousova (1948), Armstrong and Mamet (1977) and Rich (1980) in size, mode
of coiling and internal biocharacters of shell.

Localities. — The represetative localities are as follows: K56013, K56025 (Hoya area);
K55037, K55071 (Iwayadani area); K55092, K56020 (Idekoyama area); KHO006, H006
(Yokomatsu area).

Fusulinacean zone. — Endothyra-Mediocris Zone to lower part of Psudostaffella-
Profusulinella Zone.
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Figure 9. 1-2. Profusulinella toriyamai Sada, 1, Axial section, Rg. No. K56066b (x 50). 2, Sagittal section,
Rg. No. HO83b3 (x 50). 3-5. Fusulinella taishakuensis Sada, 3, Axial section, Rg. No. KH016b.
4, Tangential section, Rg. No. K56251b. 5, Sagittal section, Rg. No. K55027a.
All figures x40 unless otherwise stated.
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