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Abstract Forty-six species belonging to thirty-three genera of Middle Permian
foraminifers are distinguished from the Omi Limestone, distributed in the northeastern
end of the Circum-Hida Belt of Southwest Japan. Among them, twenty-three species
of fusulinacean foraminifers are described. They are almost identical in species level
with those from limestones in the Yamaguchi Belt of Southwest Japan. Middle Permian
fusulinaceans from the Omi, Akiyoshi, Taishaku and Atetsu Limestones, and from small
limestone lenses of the Maizuru Belt are more intimately related to those from Southeast
Asia, South China and Northeast China(a part of Jilin) than those from rest of Japan
on special empahasis on the occurrence of Sumatrininae.

Introduction

The Permian subduction complexes in the Inner Zone of Southwest Japan include
late Early Carboniferous to Middle Permian limestone blocks, for example, the Aki-
yoshi, Taishaku and Atetsu Limestones. After the interpretation of limestone lithology,
development of basic lava and pyroclastics as their base, no intercalation of terrigenous
sediments, occurrence of the Permian radiolarians from the surrounding non-calcare-
ous rocks, and the Triassic shelf deposits unconformably overlying the subduction
complexes, these limestones have been derived from reef sediments on sea mounts and
incorporated with surrounding non-calcareous rocks until last stage of Permian.

The fusulinacean foraminifers in these limestones, especially Middle Perminan
ones, are significantly different from the contemporaneous ones found in the Jurassic
subduction complexes of Japan. Middle Permian fusulinaceans from the Permian
subduction complexes in Japan are more closely related paleobiogeographically to those
from Southeast Asia, South China and a part of Jilin, Northeast China (HaN, 1980).

The Omi Limestone, distributed in the northeastern end of the Circum-Hida Belt
in central Japan, have been pointed out to be an affinity to the limestone blocks of the
Yamaguchi Belt lighologically as well as paleontologically (e.g. TORIYAMA, 1967). The
following Middle Permian fusulinaceans were described from the Omi Limestone:
Schwagerina (Verbeekina) deprati YABE, Doliolina lepida SCHWAGER and Neoschwa-
gerina craticulifera SCHWAGER by HAYASAKA (1924), Yabeina hayasakai OzAwA by
OzAwA (1925c¢) and 160 (1960), and Lepidolina shiraiwensis (OzawA) by Ozawa (1975).
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Sumatrina longissima DEPRAT and Lepidolina hyasakai (OzawA) were illustrated by
HASEGAWA et al. (1979) without description. However, there are several undescribed
species important to correlation besides them. Although the fusulinaceans of Japan
have been reviewed in 1960’s (e.g. TOrRiYAMA, 1967), recent knowledges on collision-
accretion tectonics need re-examination of them.

During the descriptive work of Late Paleozoic foraminifers, I have collected
numerous specimens of Middle Permian foraminifers in the Omi Limestone. The
detailed stratigraphy of each limestone including foraminifers could not be determined
because of complex fault-bounded relationship. The present paper reports the de-
scription of twenty-three species of Middle Permian fusulinaceans from the Omi
Limestone and briefly discusses the faunal correlation of the Middle Permian fusul-
inacean assemblage of Japan.

All the thin sections used in the present paper are stored in Department of Geology,
National Science Museum, Tokyo. I am indebted to Associate Professor Tomowo
OzawA, Nagoya University, and Dr. Yasuit Sarto, National Science Museum, for
their helpful criticisms of the manuscript. I wish to thank Mr. Kozo WATANABE,
Higashi-katsushika High School, for his valuable suggestion concerning fusulinacean
biostratigraphy of the Omi Limestone.

Occurrence of the Middle Permian limestones

In Omi district, late Early Carboniferous to Middle Permian massive limestone
is developed in 12.5x 3 Km across with the WNW to ESE trend. The limestone is
partially intercalating with thin basic pyroclastic rocks.

HaASEGAWA et al. (1969) subdivided the limestone into nine foraminiferal zones,
mostly by fusulinaceans. Among them, upper three, the Parafusulina, the Neosch-
wagerina-Gifuella and the Yabeina-Lepidolina Zones, are assignable to the Middle
Permian. They correspond to the P, formation of Kawapa (1954) and the P, Zone
(Parafusulina-Neoschwagerina-Sumatrina Zone) of Funta (1958).

In comparison with an extensive distribution of the Carboniferous and Lower
Permian limestones, the Middle Permian ones are restricted in small areas (Text-fig.
1). The Parafusulina-bearing limestones are only located at the northeastern side of
Mt. Ryounzan (588 m above sea-level). They consist of algal crinoidal bioclastic
limestones (Pl. 13, fig. 2) including abundant fusulinaceans (Pl. 13, fig. 1). The con-
glomeratic limestones are dominant at the south to southwest side of Mt. Ryounzan
across a wide unexposed area except for several outcrops of Moscovian limestones from
the Parafusulina-bearing limestones. They are partially interbedded with basic pyro-
clastics less than 50 cm in thickness and include abundant neoschwagerinids with
abraded shells. The granule- to cobble-sized fragments of various lithology and dif-
ferent ages are observed in those limestones (Pl. 12, fig, 5; P1. 13, figs. 4, 5). Among
them, the oldest fossil found in the pebble is late Visean to early Serpukhovian En-
dothyra sp. The youngest fusulinaceans, Neoschwagerina margaritae and Sumatrina
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Text-fig. 1. Index map of the Omi Linestone. The fossil localites are indicated as number.

“longissima,” probably indicate the age of the conglomeratic limestones. Micritic
limestones crop out around Loc. 7 in Text-figl. 1 in contact with fault between the con-
glometatic limestones and the Sakmarian limestones including Pseudofusulina kraffti.
Although there are no useful fossils for age determination, the micritic limestones in-
clude a lenticular block in which Neoschwagerina simplex is found in association with
Misellina ovalis (Pl. 13, figs. 6, 7). The Middle Permian conglomeratic limestone is
also distributed in northwest side of Mt. Ryounzan (Loc. 6 of Text-fig. 1). It is in
fault contact with the Moscovian limestones including Fusulinella biconica and F.
simplicata, and the Gzhelian ones including Triticites simplex.

In the valley of the Omi-gawa near Shizukura, there are many erratics of various
limestones of Middle Permian age. Yabeina hayasakai (1o, 1960), Lepidolina shira-
iwensis (OzAwA, 1975) and Lepidolina hayasakai (HASEGAWA et al., 1979) are probably
derived from the conglomeratic limestone boulders. However, some of these con-
glomeratic limestones are thought to be formerly exposed at the banks of the Omi-
gawa, after Ozawa (1925b). Although various Middle Permian fusulinaceans are
obtained from pebble-to boulder-sized erratics in the river floor of the Omi-gawa, their
original outcrops can not be confirmed except for the Colania-bearing micritic limestone
(PL. 12, fig. 8) from Loc. 10 shown in Text-fig. 1. The limestone is in contact with fault
between the northward distributed Gzhelian limestones and the southward distributed
Moscovian(?) ones.

Strong deformation of the southern part of the Omi Limestone by thrust impedes
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to create a biostratigraphic division of the Middle Permian and to reconstruct their
original successions. Nevertheless, continuous sedimentation throughout Middle
Perminan time is indicated by the occurrence of common fusulinacean species from
Omi, Akiyoshi (Torivyama, 1958) and Atetsu (Nocami, 196la, b). Conglomeratic
limestones yielding various fossils of different ages suggest the original clinouncon-
formable relationships between the conglomeratic limestones and the underlying strata.

Systematic Paleontology

Superfamily Fusulinacea voN MOLLER, 1878
Family Staffellidae A. D. MIKLUKHO-MAKLAY, 1949
Genus Nankinella Leg, 1933
Nankinella sp. cf. N. kotakiensis (Fusimoto and KAwADA)
Pl. 2, figs. 27-30

Compare: 1953 Hayasakaina kotakiensis Fusiimoto and KAwaDA; Sci. Rep., Tokyo
Kyoiku Daigaku, Sec. C, vol. 2, no. 13, p. 208, 209, PI. I, figs. 1-10.
Remarks: The present materials are assignable to genus Nankinella in spirothecal

structure of tectum(?) and lower thicker layer, angular to bluntly pointed periphery

and dense secondary calcareous materials filling up the most of chambers. Their

general appearence is comparable to the original illustrations of this species (FusiMoTo

and KAWADA, 1953), based on which the genus Hayasakaina was proposed.
Occurrence: Locs. 5 (PL. 2, fig. 28), 11 (Pl 2, figs. 27, 29, 30), 13(?).

Genus Pseudoendothyra MIKAYLOVA, 1939
Pseudoendothyra spp.
Pl 3, figs. 1, 2

Remarks: Forms having small lenticular shell with obscure internal structures
and thick spirotheca are rarely yielded throughout the Middle Permian limestones.
They are referable to Pseudoendothyra, but more individuals in each locality are neces-

sary for specific identification.
Occiirrence: Locs. 5, 8,9, 10, 11 (PL. 3, figs. 1, 2).

Family Schubertellidae SKINNER, 1931
Subfamily Schubertellinae SKINNER, 1931

Genus Mesoschubertella KANUMA and SAKAGAMI, 1957
Mesoschubertella sp.
Pl. 3, figs. 14, 15

Remarks: The genus Mesoschubertella was erected as a new genus of Schubertel-
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linae in its thick spirotheca and its diagnostic spirothecal structure from the Lower
Permian (Sakmarian) limestones of Japan (KANUMA and SAkAGAMI, 1957). The
present materials are the closest to the genus among the known genera, but the Omi
materials have smaller shell and are yielded in association with Neoschwagerina
simplex (OzawA). They are somewhat similar to Dunbarula, but have different spiro-
thecal structure.

Occurrence: Loc. 7 (Pl. 3, figs. 14, 15)

Genus Neofusulinella DEPRAT, 1912

Neofusulinella simplex (LANGE)
Pl. 3, figs. 10-13.

1925 Schubertella simplex LANGE; Geol.-Mijnb. Genoot. Netherland, Kolon., Verhandl.

Geol. Ser., vol. 7, p. 254, pl. 3, figs. 60a—c [non 60d].

Remarks: The present materials are related to the original ones referred to Schub-
ertella simplex by LANGE (1925) in shell size and incipient chomata. However, the
species is considered to be assignable to Neofusulinella by spirothecal structure of thin
tectum and thick transparent layer with mural pores. It is distinguished from such
species of Neofusulinella as N. lantenoisi DEPRAT, N. giraudi DEPRAT and N. phairayuen-
sis CoLANI by smaller shell and less prominent chomata. The Omi materials have
thinner spirotheca than that of the LANGE’s ones in loosely coiled outer volutions.
The original illustration shown in PI. 3, fig. 60d would be excluded from this species
and assignable to the genus Dunbarula.

Occurrence: Locs. 3 (Pl. 3, figs. 11-13), 7 (PL. 3, fig. 10), 12.

Subfamily Boultoniinae SKINNER and WILDE, 1954

Genus Dunbarula Ciry, 1948
Dunbarula schubertellaeformis SHENG
Pl. 3, figs. 3-9.

1958 Dunbarula schubertellaeformis SHENG; Acta Palaeont. Sinica, vol. 6, no. 3, p. 283,

Pl 1, figs. 8-12; PI. 4, fig. 5.

Remarks: The present materials are represented by intensely folded and anteriorly
curved septa, thin spirotheca composed of tectum and translucent lower layer, discoidal-
ly coiled inner volutions and rather loosely coiled outer ones without evident uncoil-
ed prolongation of outer shell. From these biocharacters, they are assignable to the
genus Dunbarula. Among the described species of the genus, the present materials
bear intimate resemblances to D. schubertellaeformis from the Maokouan limestone
of Chinghai, Northwest China by SHENG (1958). The present forms have more loosely
coiled outer volutions than those of the original ones.
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Occurrence: Locs. 1(?), 3(?), 5(?), 6, 7, 8 (Pl 3, figs. 3, 8), 11 (PL 3, figs. 4-7, 9),
12, 14.

Dunbarula sp. A
Pl. 3, figs. 23-28.

Remarks: The present materials may be assigned into the genus Boultonia rather
than to Dunbarula based on fusiform to elongate fusiform shell, weakly fluted septa
and well discernible chomata. Nevertheless, taking their more well-developed discoidal
Juvenile volutions and co-existence with Colania douvillei (OzAWA) or Neoschwagerina
margaritae DEPRAT into consideration, generic assignment to Boultonia is less possible.

They are comparable with Dunbarula sp., originally described as Schubertella ? sp.
from the Atetsu Limestone by Nocami (1961b), in many respects except for more in-
tensely fluted septa of the latter. In comparison with Dunbarula cascadensis (THOMP-
SON, WHEELER and DANNER) from the Gozenyama Formation of the Kwanto Moun-
tains (KoBAvAsHI, 1986), the present unidentified species has more number of septa.

Occurrence: Locs. 8, 9 (PL. 3, fig, 28), 10 (PL. 3, figs. 23-27).

Dunbarula sp. B
Pl 3, fig. 16.

Remarks: The present form has a somewhat resemblance to Dunbarula pseudo-
simplex (SHENG), originally referred to the genus Schubertella by SHENG (1958) in its
simple framework of shell and wall structure. However, there is a possibility that the
species merely represents the incomplete individuals of inflated form of D. scubertel-
laeformis SHENG. Specific identification is left pending because of its insufficient
number of individuals.

Occurrence: Loc. 13 (Pl. 3, fig. 16).

Genus Minojapanella Fuiimoto and KANUMA, 1953

Minojapanella elongata Fuiimoto and KANUMA
PL 3, figs. 17-22.

1953 Minojapanella elongata Funmoto and KANuMA; Jour. Paleont., vol. 27, no. 1,

p. 150-152, PL. 19, figs. 1-11.

Remarks: Although no well-oriented axial and sagittal sections can be obtained,
the present materials are identical with the original ones by Fusimoto and KANUMA
(1953) in most of essential characters. The original description was from the late
Early Permian (Sakmarian) limestones of the Mino Mountains, but the present materi-
als are accompanied by Parafusulina sp. cf. P. kaerimizensis (OzAWA) and Pseudodoli-
olina ozawai Y ABE and HANZAWA of early Middle Permian age.

Occurrence: Locs. 1 (PL 3, figs. 17-22), 5.
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Family Schwagerinidae DUNBER and HENBEST, 1930

Genus Chusenella Hsu, 1942

Chusenella sp.
Pl. 3,fig: 33.

Remarks: The Colania douvillei limestone rarely yields schwagerinids besides of
Pseudofusulina padangensis (LANGE). They are belonged to the Chusenella based on
rapid expansion of outer shell with rather thick spirotheca, regularly fluted speta and
tightly coiled inner volutions. Specific identification is impossible due to insufficient
number of individuals.

Occurrence: Locs. 10 (Pl 3, fig. 33), 11 (7).

Genus Parafusulina DUNBAR and SKINNER, 1931

Parafusulina sp. cf. P. kaerimizensis (OZAWA)
Pl. 3, figs. 34, 35; Pl. 4, figs. 1-13.

1925 Schellwienia kaerimizensis Ozawa; Jour. Coll. Sci., Imp. Univ. Tokyo, vol. 45,

art. 6, p. 31, 32; Pl 4, figs. 6, 7; PL. 6, figs. 5 non PL 4, fig. 5.

Remarks: One of the axial section, originally illustrated in Pl 6, fig. 5 (OZAWA,
1925¢) from Kaerimizu, was designated as the lectotype of this species by TORIYAMA
(1958). The other of the axial section shown in Pl 4, fig. 5 (OZAWA. 1925¢) from
Tomuro, Tochigi prefecture is excluded from the present species. TORIYAMA (1958)
re-examined some biocharacters of this species from various localities of the Akiyoshi
Limestone. He recognized a broad variation in rate of expansion of shell, spirothecal
thickness and intensity of axial filling.

As well as the topotype specimens, the Omi ones are mostly abraded in their outer
shells, consequently giving dissimilar appearence on the strength of a state of preser-
vation. The Omi and topotype specimens are common in axial filling, thin spirotheca
of inner volutions, prolocular size and septal folding. But, the former has thicker
spirotheca in outer volutions. The present species differs from Parafusulina edoensis
(OzAwA) in smaller proloculus, thinner spirotheca and more tightly coiled inner volu-
tions, and from Parafusulina japonica (GUMBEL) in intense axial filling.

Occurrence: Locs. 1 (Pl. 3, fig. 35; Pl. 4, figs. 7, 8), 2 (PL. 3, fig. 34), 3 (PL. 4, figs.
1, 2, 4-6), 4 (Pl. 4, fig. 11), 5 (PL 4, figs. 3, 9, 10, 12, 13).

Genus Pseudofusulina DUNBAR and SKINNER, 1931
Pseudofusulina padangensis (LANGE)
Pl 3, figs. 31, 32.

1925 Schellwienia padangensis LANGE; Geol.-Mijnb. Genoot. Netherland, Kolon.,
Verhandl. Geol. Ser., vol. 7, p. 255-258, pl. 3, figs. 62a-62f.
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Remarks: Only two centered- and several excentered-oblique sections are ob-
tained in association with Colania douvillei (OzAWA) or Lepidolina shiraiwensis (OZAWA).
They are nearly identical with those from the Gozenyama Formation of the Kwanto
Mountains (KoBayasHi, 1986). Although further comparison with the original
materials from Sumatra (LANGE, 1925) is needed, the present materials are probably
referable to original ones.

Occurrence: Locs. 10 (PL. 3, figs. 31, 32), 11, 13.

Pseudofusulina ? sp. cf. P. crassa (DEPRAT)
PL 3, figs. 29(?). 30.

Compare 1913 Fusulina crassa DEPRAT; Mém. Serv. Géol. I'Indochine, vol. 2, fasc. 1,
p. 27, 28, PL. 6, figs. 1-5.

Remarks: The exact size of shell is unknown because of abrasion of outer shell.
Only one axial section has regularly folded septa, pointed poles of each volution and
dense axial filling. The present forms are comparable to Fusulina crassa originally
described from Laos by DEPRAT (1913). However, more number of well-oriented sec-
tions is necessary for specific identification. The sagittal section shown in PI. 3, fig.
29 may be exclusive due to less number of septa. Generic assignment of this species
is undeterminable.

Occurrence: Locs. 6, 8 (PL. 2, figs. 29, 30), 9.

Family Verbeekinidae STAFF and WEDEKIND, 1910
Subfamily Verbeekininae STAFF and WEDEKIND, 1910

Genus Verbeekina STAFF, 1909
Verbeekina verbeeki (GEINITZ)
Pl 11, figs. 10-14.

1876 Fusulina verbeeki GEINITZ; Palaeontographica, Bd. 22, p. 399, 400.

Remarks: The present species is accompanied by Neoschwagerina margaritae
DEPRAT or Lepidolina shiraiwensis (OzAwA) in Omi. Differences in sizes of pro-
loculus and shell, number of volution and tightly coiled juvenile volutions are discerni-
ble between the two of different age.

Occurrence:  Locs. 8 (P 11, figs. 11, 13), 11 (Pl 11, fig. 12,) 14 (PL 11, figs.

10, 14).

Subfamily Misellininae A. D. MIKLUKHO-MAKLAY, 1958

Genus Misellina SCHENCK and THOMPSON, 1940
Misellina ovalis (DEPRAT)

PL 5, figs. 1-12.
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