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Abstract

A Middle Permian fusulinoidean fauna composed of 12 species in 10 genera, including

Cancellina nipponica (Ozawa), Neoschwagerina cf. simplex Ozawa, Neofusulinella

praecursor Deprat, N. cf. giraudi Deprat, etc., is described from Hatahoko in the Nyukawa

area, east of Takayama, Gifu Prefecture, central Japan. The limestone containing this fauna is

one of exotic limestone blocks with paleo-equatorial Panthalassan seamount origin in the

Jurassic accretionary complexes of the Mino Belt, southwest Japan. Judging from the co-

occurrence of C. nipponica and N. cf. simplex, the Hatahoko fauna is coeval with that reported

from the upper part of the conventional Cancellina nipponica Zone (Nn) or the

Neoschwagerina simplex to the Pseudodoliolina ozawai Zones of the Akasaka Limestone in

the southern part of Gifu Prefecture, which is another world-famous limestone body with

abundant fusulinoidean remains in the Mino Belt, and is referable to the early Murgabian

(early Wordian).

Key words: Fusulinoidea, Middle Permian, Mino Belt, Murgabian, Hatahoko,

Panthalassan seamount.

Introduction

The Mino Belt widely distributed in southwest Japan mainly comprises Jurassic accretionary

complexes, containing a large number of Permian limestone-greenstone blocks (Mizutani,
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Fig. 1.  A: Index map showing fossil locality (star mark) at Yokoberadani, north of Hatahoko,
Takayama City, Gifu Prefecture, central Japan. A part of 1:25,000 scale topographic map“Hatahoko”
published by the Geographical Survey Institute, Japan, is used for base map. B: Geologic map around
fossil locality (star mark). Basic geologic map is adapted from Niwa et al. (2003). 1-5: Middle Jurassic
Hirayu Complex (1: mudstone with various kinds of clasts, 2: limestone, 3: chert, 4: mafic volcanic
rock, 5: alternating beds of sandstone and mudstone), 6: cataclasite zone, 7: Shimonohara
Granodiorite (Cretaceous), 8: Cenozoic, 9: strike and dip of strata, 10: strike and dip of foliation.
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1990). These limestones are generally fossiliferous and are interpreted as having paleo-equa-

torial Panthalassan seamount origin based on paleomagnetic (Hattori and Hirooka, 1977,

1979), sedimentologic (Sano, 1988; Sano and Kanmera, 1996), tectonostratigraphic (Sano et

al., 1992), petrologic (Jones et al., 1993), and paleontologic (Ishii et al., 1985; Ozawa, 1987;

Tazawa, 1991, 1992; Zaw Win, 2000) data. More recently, Tazawa and his colleagues

(Tazawa, 1997a, b, 1998, 2000; Tazawa and Shen, 1997; Tazawa et al., 1998) insisted that

brachiopods from some of these limestones can provide good paleobiogeographic constraints

on the geographic positions of these seamounts within the Panthalassa Ocean and suggested

some paleobiogeographic linkage of Permian faunas in the Mino Belt with those found from

West Texas, U.S.A.

In the Nyukawa area (former Nyukawa Village), eastern part of Takayama City, Gifu

Prefecture, central Japan, a Jurassic accretionary complex consisting mainly of mélange

deposits of the Mino Belt is widely exposed. It was referred to as the Nyukawa Olistostrome

(Adachi and Kojima, 1983) and the Dayoshi Formation (Yamada et al., 1985) in previous

studies, and is, in more recent studies, called the Hirayu Complex (Otsuka, 1988; Niwa et al.,

2003; Niwa, 2004). The Hirayu Complex contains many, exotic limestone blocks of

Panthalassan seamount origin, in which fusulinoideans are the major fossil elements. The

fusulinoideans were reported by Hanzawa (1949), Igo (1964a, b, 1965, 1967), Noda et al.

(1975), and Igo and Ohana (2004), and also their specific compositions were listed by Isomi

and Nozawa (1957) and Kojima (1984). Although these fusulinioideans indicate broadly

Early and Middle Permian ages, many of them are from the Early Permian. Middle Permian

fusulinoideans, particularly represented by neoschwagerinid species, were only described and

illustrated by Igo (1967) from several localities in the Nyukawa area.

In this paper, we describe a Middle Permian fusulinoidean fauna characterized by

Cancellina nipponica Ozawa from a limestone block of the Mino Belt exposed at upper

Yokoberadani, north of Hatahoko in the Nyukawa area, and consider its affinity and age. All

the specimens examined in this study are housed in the Department of Geology, Faculty of

Science, Niigata University, with prefix NU-F.

Geology and sample

The fossils studied herein were collected by the junior authors (JT and YM) at a limestone

outcrop (about 40 m wide and 20 m high; 36˚11'08"N, 137˚27'40"E) in the upper reaches of

Yokoberadani, about 1.5 km north of Hatahoko in the Nyukawa area, Takayama City, Gifu

Prefecture, central Japan (Fig. 1A). The limestone here is dark-gray to black and thin- to medium-

bedded (5-20 cm thick beds), and strikes N45-72˚W with dipping 45˚ northward. The

fusulinoidea-bearing sample was collected from limestone in the lower part of this outcrop.

According to Niwa et al. (2003) and Niwa (2004), the present limestone outcrop is located

within a large limestone block of about 4 km (E-W) × 0.5 km (N-S) in the Middle Jurassic

Middle Permian fusulinoideans from Hatahoko, Mino Belt, central Japan
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mélange of the Hirayu Complex (Fig. 1B). The thickness of this limestone block probably

attains more than 500 m. The fossil locality is situated approximately at the middle part of this

limestone block.

 We prepared some 60 thin sections from the Hatahoko sample. Under the microscope, the

limestone is composed of fusulinoidean shells, algal fragments, crinoids, brachiopod shell

fragments, small bioclasts of unknown origin, aggregate grains, and fragments of Tubiphytes,

among which fusulinoideans are the dominant allochem component. Interstitial space is

generally filled by micritic matrix with a minor amount of sparry calcite cement. Thus, the

limestone is classified as fusuline (-bioclastic) packstone/grainstone in Dunham’s

(1962) classification. The micritic matrix is, however, more or less weakly recrystallized into

microsparry calcite cement. Moreover, the limestone is patchily and irregularly silicified by

diagenesis.

Age of the Hatahoko fauna

The following fusulinoideans consisting of 12 species in 10 genera were discriminated

from the sample examined. Of them, Cancellina nipponica is most abundant in the Hatahoko

fauna.

     Rauserella sp.

     Minojapanella (M.) sp.

     Schubertella sp.

     Neofusulinella praecursor Deprat

     N. cf. giraudi Deprat

     Staffella sp.

     Nankinella sp.

     Pseudofusulina sp.

     Chusenella? sp.

     Cancellina nipponica (Ozawa)

     C. aff. primigena (Hayden)

     Neoschwagerina cf. simplex Ozawa

Among these fusulinoideans, Cancellina nipponica is known to occur from several

limestone blocks in the Mino Belt (e.g., Ozawa, 1927a; Honjo, 1959; Morikawa and Isomi,

1961; Miyamura, 1967; Igo, 1967; Zaw Win, 1999) and has high, dating and correlation po-

tentials. Particularly, the type locality of this species is situated in the Akasaka Limestone of the

southern part of Gifu Prefecture (Ozawa, 1927a), which is one of large exotic limestone blocks

in the Mino Belt and in which detailed Permian fusulinoidean biostratigraphy has been estab-

lished by many students (e.g., Ozawa, 1927a, b, c; Akasaka Research Group, 1956; Morikawa,
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1958; Honjo, 1959; Ozawa and Nishiwaki, 1992; Zaw Win, 1999). In this limestone, C.

nipponica is restricted in a stratigraphic interval in the Zone of Neoschwagerina (Cancellina)

nipponica (Nn) by Ozawa (1927a) or from the Neoschwagerina (Cancellina) nipponica Zone

to the very basal part of the Neoschwagerina craticulifera Zone by Zaw Win (1999), both of

which are broadly referable to the late Kubergandian (Roadian) and early Murgabian (Wordian)

in the present Permian stage scale of the Tethyan region (Leven, 1975, 1980). Co-existence of

C. nipponica and N. cf. simplex in the Hatahoko fauna is, however, more suggestive that it is

time-equivalent to that found in the early Murgabian Neoschwagerina simplex and

Pseudodoliolina ozawai Zones in the Akasaka Limestone although the zone species of the

latter is not found in the Hatahoko fauna.

Neofusulinella praecursor is also evaluated to have some value for biochronology. Deprat

(1913) originally stated that this species occurs in the base of the Moscovian in Laos, but this

cannot be taken at its face value because “étage moscovien (Moscovian stage)” in the sense by

Deprat (1913) does not necessarily mean the Moscovian of the Pennsylvanian (Upper

Carboniferous) in the present sense (Toriyama et al., 1969, p. 17). Later, Toriyama et al.

(1969, 1974) and Toriyama (1975) reported this species from the upper part of the Maklaya

sethaputi Zone to the lower part of the Presumatrina schellwieni Zone of the Saraburi Limestone

in the Khao Phlong Phrab section, Central Thailand. This interval can be correlated to the

upper part of the Cancellina Zone to the lower part of the Neoschwagerina Zone (particularly

N. simplex Zone of the lower part of the Neoschwagerina Zone). In the Akasaka Limestone,

Neofusulinella phairayensis Colani, 1924, which, as noted later in the description of species,

is considered to be a junior synonym of N. praecursor, was reported by Ozawa (1927a) from

the Zone of Neoschwagerina (Cancellina) nipponica (Nn). The stratigraphic intervals in the

Khao Phlong Phrab section and the Akasaka Limestone of N. praecursor more or less coincide

each other and are referable to the late Kubergandian and early Murgabian.

In the Tethyan region, the Murgabian of the middle Middle Permian generally corresponds

to the Neoschwagerina Zone in the genus-level fusulinoidean biostratigraphic framework

(e.g., Leven, 1963, 1967, 1975, 1980). The Murgabian was conventionally subdivided into

three fusulinoidean zones based on the phylogenetic development of Neoschwagerina

species; in ascending order, the N. simplex Zone, N. craticulifera (or N. schuberti) Zone, and

N. margaritae Zone (Leven, 1967, 1975). With the redefinition on the base of the next-younger

Midian (Capitanian: late Middle Permian) by Leven (1996), the N. margaritae Zone has been

now placed in the lower part of the Midian. This revision resulted in recognizing the N. simplex

Zone as the standard fusulinoidean biostratigraphic unit in the lower half of the Murgabian

Stage in the Tethyan region, and the N. craticulifera (and N. schuberti) Zone as that of its

upper half. At present, fusulinoidean faunas characterized by N. simplex including its

synomymy N. sphaerica Miklukho-Maklay, 1957, are known to occur widely not only in the

Tethyan but also Panthalassan regions (e.g., Miklukho-Maklay, 1957; Sheng, 1963; Kanmera,

1963; Leven, 1967; Toriyama, 1975; Zhang and Dong, 1986; Ueno, 1991; Zhang, 1991;

Middle Permian fusulinoideans from Hatahoko, Mino Belt, central Japan
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Baghbani, 1993; Leven, 1997; Zaw Win, 1999).

In summary, the present Hatahoko fauna is referable to the early Murgabian in the standard

Permian time-scale in the Tethyan-Panthalassan region (Leven, 1975, 1980; Ueno, 1996)

based on the co-occurrence of Cancellina nipponica and Neoschwagerina cf. simplex. The

occurrence of Neofusulinella praecursor also supports this age assignment. According to Jin

et al. (1997) and Wardlaw et al. (2004), this chronostratigraphic level can be correlated with

the early Wordian in the unified standard Permian time-scale although there exist increasing

discrepancies by conodonts with respect to the intercontinental correlation of the Middle

Permian regional stages between the Eurasian (Tethyan-Panthalassan) and North American

(Midcontinent-Andean) regions (Henderson et al., 1999; Leven, 2001, 2004).

Description of species

(by KU)

Superfamily Fusulinoidea von Möller, 1878

Family Ozawainellidae Thompson and Foster, 1937

Genus Rauserella Dunbar, 1944

   Type species.―Rauserella erratica Dunbar, 1944.

Rauserella sp.

Figs. 2.1, 2.2

Figured specimens.―Slightly oblique axial section (NU-F74), subaxial section (NU-F75).

Descriptive remarks.―The illustrated, slightly oblique axial section (Fig. 2.1) has an

elliptical shell with the length of 1.20 mm and the diameter of 0.57 mm. The first two

volutions are coiled at a large angle to remaining ones, forming a lenticular juvenarium.

Spirotheca is thin and composed of a tectum and lower, thin structureless layer. Septa are very

weakly fluted only in axial regions.

Because only several, poorly oriented specimens are available for study, its specific

identification is open. The present species can be easily distinguished from Rauserella

erratica, the type species of the genus, described by Dunbar (1944) from the upper part of the

Guadalupian in Las Delicias, Mexico, in having a smaller shell and less developed,

skew-coiled juvenarium.

Family Boultoniidae Skinner and Wilde, 1954

Genus Minojapanella Fujimoto and Kanuma, 1953

Type species.―Minojapanella elongata Fujimoto and Kanuma, 1953.
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Fig. 2.  1, 2: Rauserella sp., 1: slightly oblique axial section, NU-F74, 2: subaxial section,
NU-F75. 3: Nankinella sp., axial section, NU-F76. 4, 5: Staffella sp., tangential sections,
NU-F77 and NU-F78. 6: Schubertella sp., axial section, NU-F79. 7-10: Minojapanella
(Minojapanella) sp., 7: subaxial section, NU-F80, 8: slightly oblique axial section, NU-
F81, 9: oblique section, NU-F82, 10: tangential section, NU-F83. 11: Chusenella? sp.,
diagonal section, NU-F84. 12, 13: Pseudofusulina sp., 12: tangential section, NU-F85, 13:
oblique section, NU-F86. 11-13: × 10, 4, 5: × 30, 1-3, 6-10: × 40.

Remarks.―The genus Minojapanella is subdivided into two subgenera: Minojapanella

(s.s.) and Russiella Miklukho-Maklay, 1957 (type species: Russiella pulchra Miklukho-

Maklay, 1957).
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Subgenus Minojapanella Fujimoto and Kanuma, 1953

Minojapanella (Minojapanella) sp.

Figs. 2.7-2.10

Figured specimens.―Subaxial section (NU-F80), slightly oblique axial section (NU-

F81), tangential section (NU-F83), oblique section (NU-F82).

Remarks.―The Hatahoko specimens are potentially referable to Minojapanella (M.)

elongata by their highly elongated fusiform shells, size, and nature of narrow and high septal

loops. Because only poorly oriented specimens are available for the present study, however, I

left the species identification open.

Family Schubertellidae Skinner, 1931

Subfamily Schubertellinae Skinner, 1931

Genus Schubertella Staff and Wedekind, 1910

Type species.―Schubertella transitoria Staff and Wedekind, 1910.

Schubertella sp.

Fig. 2.6

Figured specimen.―Axial section (NU-F79).

Remarks.―In addition to the illustrated axial section, I got several specimens that have a

small fusiform shell with two and a half to three and a half volutions, first skew-coiled

volution, small chomata, weakly fluted septa only in axial regions, and spirotheca consisting

of a tectum and thin, lower lighter layer. They are referable to the genus Schubertella by their

basic shell features, but further specific identification is postponed until better and more

numbers of specimens are available.

Genus Neofusulinella Deprat, 1912

Type species.―Neofusulinella lantenoisi Deprat, 1913.

Neofusulinella praecursor Deprat, 1913

Figs. 3.1-3.9

Neofusulinella praecursor Deprat, 1913, p. 40, pl. 7, figs. 6-16; Colani, 1924, p. 101, pl. 16,

figs. 6, 11, 17, 23-43, pl. 17, figs. 1-22; Toriyama et al., 1969, p. 23-28, pl. 3, figs. 12-23;

Toriyama, 1975, pl. 1, figs. 22-25.
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Neofusulinella phairayensis Colani, 1924, p. 104-105, pl. 16, figs. 1-5, 7-10, 12-16, 20-22;

Ozawa, 1927a, p. 151-152, pl. 37, figs. 3b, 5, 6c, pl. 38, figs. 2a, 7, 8, 11, 12, pl. 39, figs. 1,

2, pl. 44, fig. 6c, pl. 45, fig. 9; Leven, 1965, p. 135, pl. 4, fig. 5; Chen and Yang, 1978, p.

33, pl. 5, figs. 17-18; Liu et al., 1978, p. 21, pl. 2, fig. 5; Yang, 1985, pl. 1, fig. 9; Zhang and

Dong, 1986, p. 74-75, pl. 1, figs. 5, 9.

Schubertella phairayensis (Colani): ?Kobayashi, 1957, p. 260-261, pl. 1, figs. 9, 10; Sheng,

1963, p. 35, 160, pl. 4, fig. 11; Zhang, 1982, p. 146, pl. 2, figs. 36, 38, 39, 42.

Neofusulinella lantenoisi Deprat: Leven, 1967, p. 126, pl. 1, figs. 9, 10; Leven, 1998, pl. 2,

figs. 26, 27 (only).

Neofusulinella extumida Han, 1976, p. 27-28, pl. 8, figs. 9-14.

?Schubertella phairayensis Colani [sic]: Zhang, 1998, pl. 4, fig. 13, pl. 9, figs. 7, 8, 10, 12.

not Fusulinella praecursor (Deprat): Ozawa, 1925b, p. 24-25, pl. 9, figs. 5-6, pl. 10, figs. 4-8.

not Neofusulinella phairayensis Colani: Leven, 1967, p. 127, pl. 1, figs. 11, 12.

Figured specimens.―Axial sections (NU-F87, NU-F88, NU-F89, NU-F90, NU-F91, NU-

F92, and NU-F93), sagittal sections (NU-F94 and NU-F95).

Description.―Shell is moderately large for genus and fusiform with slightly convex lateral

slopes and bluntly pointed axial regions. Mature specimens having five and a half to seven and

a half volutions are 1.43-2.00 mm in length and 0.74-1.06 mm in diameter. Form ratio varies

from 1.72 to 2.14, averaging 1.87 in nine specimens. The first one and a half or two, rarely two

and a half, volutions are skew-coiled, forming a nearly spherical juvenarium. Especially, the

first volution is generally lenticular and coiled at a large angle to the coiling axis of outer,

essentially planispiral volutions. Radius vectors of the first to seventh volutions in one

illustrated axial section (Fig. 3.4) are 0.06, 0.09, 0.14, 0.20, 0.28, 0.40, and 0.53 mm, and their

form ratios are 1.00, 1.33, 1.36, 1.80, 2.04, 1.93, and 1.66+, respectively

Proloculus is small and spherical. Its outside diameter ranges from 0.035 to 0.061 mm,

averaging 0.048 mm in 11 specimens. Spirotheca is thin and composed of a single structureless

layer in inner two or three volutions, but of a tectum and lower, lighter layer in outer ones. Fine

perforations are partly developed in the lower lighter layer in some part of shell where

spirotheca becomes slightly thickened (Fig. 3.3a). However, it generally looks structureless in

most cases. Thickness of spirotheca of the second to seventh volutions in the above-mentioned

axial section (Fig. 3.4) is 0.008, 0.008, 0.014, 0.015, 0.021, and 0.026 mm.

Septa are slightly anteriorly directed  and only weakly fluted in polar regions. Septal

counts of the second to sixth volutions in one illustrated sagittal section (Fig. 3.8) are 7, 11, 14,

18, and 19?. Septal pores are sometimes discernible in the lateral sides of septa (Fig. 3.3a).

Chomata are developed generally beyond the third volution, and broad and asymmetrical;

their tunnel sides are steep or sometimes overhanging. In contrast, their axial sides are gentle,

extending laterally to polar regions. Tunnel is almost straight and becomes slightly wider

through growth. Tunnel angles from the third to fifth, and fifth and a half volutions in an axial

Middle Permian fusulinoideans from Hatahoko, Mino Belt, central Japan
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section illustrated on Fig. 3.1 are 20, 36, 42, and 48 degrees, respectively. Axial fillings are absent.

Remarks.―Although Deprat (1913) illustrated nine specimens of Neofusulinella

praecursor, the types include only one, well-oriented axial section. Thus, the taxonomic concept

of this species had been less clear based on the original description. Later, Toriyama et al.

(1969) reported rich specimens of N. praecursor from the Maklaya pamirica to the

Neoschwagerina simplex zones (late Kubergandian to early Murgabian) of the Saraburi Lime-

stone in the Khao Phlong Phrab section, Changwat Saraburi, Central Thailand. The present

Hatahoko specimens essentially agree with those from Khao Phlong Phrab although the latter

has slightly thicker spirotheca, thus generally representing clearer development of fine pores in

spirotheca, than the former.

Colani (1924) described Neofusulinella phairayensis from the Middle Permian of Phai-

Ray in Vietnam. She noted that this species is distinguished from N. praecursor in having a

slightly smaller diameter of shell (thus possessing a slightly larger form ratio), more loosely

coiled volutions especially in the first one, smaller proloculus, thinner spirotheca and septa,

and more number of septa. However, judging from Colani’s (1924) original illustration of N.

phairayensis, these differences are all subtle and, thus, indefinitive for separating it from N.

praecursor. Thus, I judge these two as conspecific.

Neofusulinella praecursor can be distinguished from N. lantenoisi, the type species of the

genus, in having a smaller shell and slightly fewer number of volutions although other characters

are essentially similar to each other. It also differs from N. tumida described by Leven (1967)

from the upper Kubergandian and lower Murgabian (the upper part of the Cancellina Zone to

the Neoschwagerina simplex Zone) of the Southeast Pamir in N. tumida having a slightly

larger, rhombic shell although the characteristic, rhombic shell shape in N. tumida is due probably

to slight deformation.

Han (1976) established Neofusulinella extumida based on materials from the Sanmianjing

Formation of Hubei Province, North China. According to Li (2000), this formation is referable

to the Chihsian. The Chihsian involves the Misellina Genozone, Cancellina Genozone, and

the lower part of the Neoschwagerina Genozone (N. simplex subzone) in the standard

fusulinoidean zonation of China (Jin et al., 1999), and thus are correlated to the Bolorian

(Kungurian) to the early Murgabian in the standard scale of the Tethyan region (e.g., Leven,

1975, 1980). Han (1976) noted that N. extumida can be distinguished from N. praecursor in

having more weakly fluted septa in axial regions, thicker fusiform shell, more number of

volutions, and smaller form ratio. These minor differences are, however, regarded insufficient

to distinguish species, and merely represent intraspecific variability within a single species.

Thus, N. extumida is judged as a junior synonym of N. praecursor.

Leven (1967, 1998) reported Neofusulinella lantenoisi from both the Southeast Pamir and

the Transcaucasia. The Pamir specimens and two of the four Transcaucasia specimens (Leven,

1998, pl. 2, figs. 26 and 27) are smaller than the types of N. lantenoisi, and are better referable

to N. praecursor.
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Neofusulinella crassispira described by Li in Lin et al. (1977) from the Chihsia Formation

of Guangxi, China, is somewhat close to N. praecursor. However, the former can be

distinguished from the latter in having a slightly smaller shell and thicker spirotheca.

Ozawa (1925b) described Fusulinella praecursor (Deprat, 1913) from a “Fusulina”-bearing

limestone exposed at Tahara in the Fukiya area of Takahashi City, Okayama Prefecture,

southwest Japan. The limestone can now be regarded as one of exotic limestone blocks in

Permian accretionary complexes of the Akiyoshi Belt. Judging from the illustration, the

Tahara species can probably be subsumed in true Fusulinella, and thus is not conspecific with

Neofusulinella praecursor.

Neofusulinella cf. giraudi Deprat, 1915

Figs. 3.10-3.17

Compare.―
Neofusulinella giraudi Deprat, 1915, p. 11-12, pl. 1, figs. 6-11.

Figured specimens.―Axial (including slightly oblique) sections (NU-F96, NU-F97, NU-

F98, NU-F99, NU-F100, NU-F101, and NU-F 103), sagittal section (NU-F102).

Description―Shell is small for genus and thickly oval with slightly convex lateral slopes

and broadly rounded axial regions. Specimens with four to five volutions are 0.70-0.93 mm in

axial length, 0.49-0.86 mm in diameter, and 1.22-1.63 in form ratio. The first one or two

volutions are tightly and skew-coiled, in which the first one is generally lenticular and coiled

almost perpendicular to the axis of coiling in outer volutions. Outer volutions are planispiral

and expand gradually. Radius vectors of the first to fourth volutions in one illustrated axial

section (Fig. 3.10) are 0.06, 0.09, 0.17, and 0.31 mm, and their form ratios are 0.50, 1.33, 1.35,

and 1.45, respectively.

Proloculus is small and 0.034-0.054 mm in outside diameter, averaging 0.041 mm in seven

specimens. Septa are slightly anteriorly directed . They are almost plane and only very weakly

fluted in polar regions. Septal counts of the third and fourth volutions in the illustrated sagittal

section (Fig. 3.16) are 10 and 15.

Spirotheca is thin and consists of a single structureless layer in inner volutions. It is

composed of a tectum and lower less dense layer in outer two or three volutions. Though

rather obscure, the lower less dense layer is finely perforated commonly in outer two volutions

(Fig. 3.10a) of most specimens. Thickness of spirotheca of the second to fourth volutions in

the above-mentioned axial section (Fig. 3.10) is 0.012, 0.032, and 0.032 mm. Chomata are

small and visible in outer two volutions. Tunnel is rather broad. Tunnel angles of the third and

fourth volutions in the mentioned axial section are 54 and 83 degrees.

Remarks.―The present Hatahoko specimens are somewhat more globose, thus giving a

slightly smaller form ratio, than the Deprat’s (1915) types although other essential characters
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are similar to each other. Due to the slight difference in shell shape, its identification is qualified.

Neofusulinella giraudi was often subsumed into the genus Schubertella in most subsequent

studies (e.g., Sheng, 1963; Kanmera, 1963; Kalmykova, 1967; Douglass, 1967; Han, 1976;

Lin et al., 1977; Liu et al., 1978; Xie, 1982; Sun et al., 1983; Li, 1989; Leven, 1997). As noted

by Toriyama et al. (1969), however, this view contradicts the fact that the Deprat’s (1915)

types have finely perforated spirotheca. It is, therefore, more reasonable to retain this species

in the genus Neofusulinella as it originally is, because the presence of fine perforations in

spirotheca is contrary to the generic concept of Schubertella. Due to the thinner spirotheca of

N. giraudi than other, larger Neofusulinellas such as N. lantenoisi and N. praecursor, delicate

spirothecal structures including finely perforated texture would easily become indistinct in N.

giraudi during diagenesis. This may be the reason that the spirotheca of N. giraudi tends to be

described as being composed of a tectum and lower structureless layer in many studies. In fact,

fine perforations in the Hatahoko specimens (e.g., Fig. 3.10a) are not very easily discernible

under the microscope in low magnification compared with fine keriotheca in the spirotheca of

associated Cancellina nipponica.

Family Staffellidae Miklukho-Maklay, 1949

Genus Staffella Ozawa, 1925a

Type species.―Fusulina sphaerica Abich, 1859 (=Staffella moellerana Thompson, 1935).

Staffella sp.

Figs. 2.4-2.5

Figured specimens.―Tangential sections (NU-F77 and NU-F78).

Remarks.―Due to their completely recrystallized shells with rounded peripheries, the two

illustrated specimens can be subsumed into the genus Staffella although further specific

identification is impossible.

Genus Nankinella Lee, 1934

Type species.―Staffella discoides Lee, 1931.

Middle Permian fusulinoideans from Hatahoko, Mino Belt, central Japan

　   Fig. 3.  1-9: Neofusulinella praecursor Deprat, 1913, 1-7: axial sections, NU-F87, NU-F88, NU-
F89, NU-F90, NU-F91, NU-F92, and NU-F93, 3a: enlarged part of 3, showing finely perforated
spirotheca in penultimate volution and well-developed septal pores, 8, 9: sagittal sections, NU-
F94 and NU-F95. 10-17: Neofusulinella cf. giraudi Deprat, 1915, 10-15,17: axial (including
slightly oblique) sections, NU-F96, NU-F97, NU-F98, NU-F99, NU-F100, NU-F101, and NU-F103,
10a: enlarged part of 10, showing fine pores in spirotheca in outer two volutions, 16: sagittal section,
NU-F102. 1-9: × 25, 10-17: × 40, 3a, 10a: × 100.
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Nankinella sp.

Fig. 2.3

Figured specimen.―Axial section (NU-F76).

Remarks.―Several staffellid specimens, in which one is illustrated here, having angular

peripheries throughout growth are available for study. They are referable to Nankinella based

on their shell shape.

Family Schwagerinidae Dunbar and Henbest, 1930

Subfamily Schwagerininae Dunbar and Henbest, 1930

Genus Pseudofusulina Dunbar and Skinner, 1931

Type species.―Pseudofusulina huecoensis Dunbar and Skinner, 1931.

Pseudofusulina sp.

Figs. 2.12-2.13

Figured specimens.―Tangential section (NU-F85), oblique section (NU-F86).

Descriptive remarks.―Pseudofusulina sp. in this study has an elongate fusiform shell with

six to seven and a half volutions, broadly arched peripheries, and bluntly pointed axial regions.

Based on one tangential (closely subaxial) section (Fig. 2.12), its form ratio is about 3.8.

Proloculus is spherical and 0.16 to 0.19 mm in outside diameter. Septa are moderately fluted in

axial regions, decreasing their intensity toward the central part of shell. Faint axial fillings may

be present.

Comparison of this species with others in Pseudofusulina is difficult because all the

available specimens are not very well oriented.

Subfamily Chusenellinae Kahler and Kahler, 1966

Genus Chusenella Hsu, 1942

Type species.―Chusenella ishanensis Hsu, 1942.

Chusenella? sp.

Fig. 2.11

Figured specimen.―Diagonal section (NU-F84).

Remarks.―One, poorly oriented schwagerinid specimen is available for study. It has

dense axial fillings and probably bluntly acute polar ends. These characters possibly suggest

that the specimen is referable to the genus Chusenella.
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Family Neoschwagerinidae Dunbar and Condra, 1927

Subfamily Lepidolininae Miklukho-Maklay, 1958

Genus Cancellina Hayden, 1909 emend. Kanmera, 1957

Type species.―Neoschwagerina primigena Hayden, 1909.

Cancellina nipponica (Ozawa, 1927a)

Figs. 4.1-4.11, 5.1-5.3

Neoschwagerina (Cancellina) nipponica Ozawa, 1927a, p. 160-161, pl. 34, figs. 12-17, pl. 35,

figs. 8b, 10a, pl. 44, fig. 1a, pl. 45, figs. 4, 5; Ozawa, 1927c, pl. 9, figs. 10, 11a, 11b; Zaw

Win, 1999, p. 41-42, pl. 1, figs. 1, 2.

Cancellina nipponica, new subspecies A: Kanmera, 1957, pl. 19, figs. 6, 7.

Cancellina nipponica (Ozawa): Kanmera, 1957, pl. 19, figs. 8-11; ?Chediya et al., 1986, pl. 3,

fig. 4.

?Cancellina cf. nipponica Ozawa [sic]: Kobayashi, 1957, p. 302-303, pl. 9, fig. 15.

Neoschwagerina (Minoella) nipponica (Ozawa) [sic]: Honjo, 1959, p. 129-131, pl. 1,

figs. 6-8, 10, pl. 2, pl. 6, fig. 1?.

Neoschwagerina nipponica (Ozawa) [sic]: Kanuma, 1960, p. 172-173, pl. 10, figs. 3-6; Igo,

1967, p. 15-16, pl. 6, figs. 7-9; Morikawa and Isomi, 1961, p. 26-27, pl. 20, figs. 15-19;

Miyamura, 1967, pl. 6, figs. 9-12.

Minoella nipponica (Ozawa): Honjo, 1960, pl. 1, figs. a-c, pl. 2, figs. 1-6, pl. 3, figs. 7-12.

Neoschwagerina nipponica Ozawa: Morikawa and Suzuki, 1961, p. 49, pl. 4, figs. 3, 4, pl. 12,

figs. 4-6.

Cancellina nipponica Ozawa [sic]: Hanzawa and Murata, 1963, pl. 4, figs. 5, 6, pl. 18, figs. 7,

8, 11, 12; Leven, 1967, p. 185-186, pl. 31, figs. 8, 10; Ozawa, 1970, pl. 6, figs. 18, 19.

Neoschwagerina (Cancellina) nipponica (Form A): Zaw Win, 1999, p. 42-43, pl. 1. figs. 3, 4.

Neoschwagerina (Cancellina) nipponica (Form C): Zaw Win, 1999, p. 43-44, pl. 1, figs. 5, 6.

Neoschwagerina (Cancellina) nipponica (Form F): Zaw Win, 1999, p. 44-45, pl. 1, figs. 7, 8.

Figured specimens.―Axial sections (NU-F104, NU-F105, NU-F106, NU-F107, NU-

F110, NU-F115, NU-F116, and NU-F117), slightly oblique axial sections (NU-F108, NU-

F109, and NU-F111), sagittal sections (NU-F112, NU-F113, and NU-F114).

Description.―Shell is oval with broadly arched peripheries and rounded polar regions.

Mature specimens having nine and a half to eleven and a half volutions are 2.42-3.48 mm in

axial length and 1.59-2.76 mm diameter. Form ratio ranges from 1.35 to 1.63, averaging 1.47

in eight specimens. Coiling is planispiral throughout growth except for the first one of some

specimens, which is slightly deviated. Early two or three volutions are slightly tightly coiled

and middle ones expand gradually through growth. Outer two or three volutions are coiled

Middle Permian fusulinoideans from Hatahoko, Mino Belt, central Japan
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　  Fig. 4.  1-11: Cancellina nipponica (Ozawa, 1927a), 1-4,7: axial sections, NU-F104, NU-F105, NU-
F106, NU-F107, and NU-F110, 3a: enlarged part of 3, showing successive change of coiling expansion
of shell and low but well-developed primary transverse septula except for inner volutions, 3b: enlarged
part of 3, showing finely alvelolar structure in relatively thin spirotheca, 5, 6, 8: slightly oblique axial
sections, NU-F108, NU-F109, and NU-F111, 9-11: sagittal sections, NU-F112, NU-F113, and NU-F114,
10a: enlarged part of 10, showing incipiently developed axial septula in outer volutions. 1-11: ×15, 3a:
× 30, 10a: × 40, 3b: × 75.

uniformly. Radius vectors of the first to tenth volutions in an axial section illustrated on Fig.

4.4 are 0.08, 0.13, 0.17, 0.23, 0.31, 0.41, 0.56, 0.69, 0.83, and 1.02 mm, and their form ratios

are 1.09, 1.00, 1.36, 1.48, 1.51, 1.62, 1.53, 1.53, 1.56, and 1.51, respectively.

Proloculus is small and spherical. Its outside diameter varies from 0.080 to 0.143 mm,

averaging 0.106 mm in 12 specimens. Spirotheca is thin and composed of a single dense layer

in early few volutions. Beyond the second or third volution, it consists of a tectum and lower,

fine keriotheca (Fig. 4.3b). Upper tectorial deposits extending to parachomata partly cover the

floor of chambers (Fig. 4.10a). Thickness of spirotheca of the third to tenth volutions of the

above-mentioned axial section (Fig. 4.4) is 0.020, 0.027, 0.024, 0.026, 0.033, 0.027, 0.029,

and 0.056 mm.

Septa are slightly anteriorly directed . Tips of septa are usually slightly swollen, darkened,

and covered by epithecal deposits (Fig. 4.10a). Septal counts of the first to tenth volutions in

an illustrated sagittal section (Fig. 4.11) are 6, 11, 12, 14, 15, 20, 19, 21, 22, and 24?, respectively.

Primary transverse septula are generally low to moderately high (Figs. 4.3a, 4.3b), and well

developed except for early few volutions. Axial septula are low and only rudimentarily developed

as a downward deflection of spirotheca between two septa in outer few volutions (Fig. 4.10a).

In most specimens, parachomata are developed beyond the second or third volutions.

Remarks.―Zaw Win (1999) recognized several morphotypes in Cancellina nipponica

from the Akasaka Limestone, Gifu Prefecture, central Japan. Most of the Hatahoko specimens

are close to his C. nipponica and C. nipponica (Form A).

This species can be distinguished from Cancellina primigena in having a smaller

proloculus and slightly thinner spirotheca. It also differs from C. tenuitesta described by

Kanmera (1963) from the upper part of the Lower Member (the e and f members: early

Murgabian) of the Kozaki Formation, southern Kyushu, Japan, in having a smaller form ratio

and slightly thicker spirotheca.

Cancellina aff. primigena (Hayden, 1909)

Figs. 5.4-5.9

Cancellina primigena (Hayden): Huzimoto, 1936, p. 111-112, pl. 20, fig. 8.
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　   Fig. 5.  1-3: Cancellina nipponica (Ozawa, 1927a), axial sections, NU-F115,  NU-F116, and  NU-
F117. 4-9: Cancellina aff. primigena (Hayden, 1909), 4-8: axial sections,  NU-F118,  NU-F119,  NU-
F120,  NU-F121, and  NU-F122, 9: sagittal section  NU-F123. 10-14: Neoschwagerina cf. simplex
Ozawa, 1927a, 10, 14: tangential sections,  NU-F124 and  NU-F128, 11: slightly oblique axial section,
NU-F125, 12: parallel section, NU-F126, 13: oblique section, NU-F127. 1-9, 11-14: × 15, 10: × 20.

Compare.―
Neoschwagerina primigena Hayden, 1909, p. 249, pl. 22, figs. 1-7.

Figured specimens.―Axial sections (NU-F118, NU-F119, NU-F120, NU-F121, and

NU-F122), sagittal section (NU-F123).

Description.―Shell is subspherical with broadly arched peripheries and rounded but

slightly compressed axial ends. Mature specimens with eight to ten volutions are 1.85-2.27

mm in length, 1.66-2.08 mm in diameter, and 1.09-1.22 in form ratio. Early one or two

volutions are lenticular and their axis of coiling is slightly deflected; outer volutions are

planispiral and subspherical, and expands gradually through growth. Radius vectors of the

first to ninth volutions of one well-oriented axial section (Fig. 5.4) are 0.10, 0.14, 0.19, 0.26,

0.37, 0.49, 0.64, 0.80, and 1.01 mm, and their form ratios are 1.00, 1.00, 1.08, 1.20, 1.22, 1.22,

1.19, 1.20, and 1.13, respectively.

Proloculus is almost spherical and 0.107-0.123 mm in outside diameter. Spirotheca is com-

posed of a single dense layer in inner few volutions, and of a tectum and lower, fine keriotheca

in outer ones. Thickness of spirotheca of the first to ninth volutions in the above-mentioned

axial section is 0.012, 0.011, 0.014, 0.017, 0.026, 0.027, 0.023, 0.029, and 0.032 mm.

Septa are plane and slightly anteriorly directed  or almost perpendicular to the spiral wall.

Primary transverse septula are low and triangular or semicircular in shape, and developed

from the third or third and a half volution. In the last half volution, primary transverse septula

are very low or absent in some specimens. Axial septula are only rudimentarily developed as a

downward deflection of spirotheca between two septa in some part of outer few volutions.

Parachomata are low and triangular or semicircular in section. Their height is generally lower

than the half of chamber height.

Remarks.―The present specimens are very close to that described under the name of

Cancellina primigena by Huzimoto (1936) from Komyosan in the Kanto Mountains, central

Japan, in their size and subspherical shells. However, the Hatahoko and Komyosan specimens

are different from the types by Hayden (1909) from the Bamian Limestone of Afghanistan in

having smaller proloculus and less developed parachomata and primary transverse septula.

The species identification of the Hatahoko specimens to C. primigena is, therefore, only

qualified and they may even be different from it.

This species can be distinguished from Cancellina nipponica in having a subspherical

shell, thus giving a slightly smaller form ratio, and slightly thicker spirotheca.
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Subfamily Neoschwagerininae Dunbar and Condra, 1927

Genus Neoschwagerina Yabe, 1903

Type species.―Schwagerina craticulifera Schwager, 1883.

Neoschwagerina cf. simplex Ozawa, 1927a

Figs. 5.10-5.14

Compare.―
Neoschwagerina (Neoschwagerina) simplex Ozawa, 1927a, p. 153-154, pl. 37, fig. 6g, pl. 38,

figs. 14, 15, 16a, pl. 40, fig. 11b, pl. 44, fig. 6b.

Figured specimens.―Slightly oblique axial section (NU-F125), oblique section (NU-

F127), tangential sections (NU-F124 and NU-F128), parallel section (NU-F126).

Remarks.―In this study, I found several specimens that have a slightly larger shell  (generally

10-11 volutions in mature specimens) and definitely thicker spirotheca than the associated

Cancellina species. They also have almost spherical to thickly oval shells with uniformly

expanded volutions, slightly rotated axis of coiling in early one or two volutions, well-developed

semicircular parachomata and fan-shaped primary transverse septula except for the first few

volutions, and rudimentarily developed axial septula in some outer part of shell. These

morphological features as a whole are indicative of the specimens being referable to

Neoschwagerina simplex. However, their species identification is qualified because of the

lack of axial section in available specimens for this study.
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