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Abstract

Late Carboniferous and Permian radiolarian zones of Southwest Japan are recognized mainly
on the basis of characteristic species of the genera Albaillella DEFLANDRE, Pseudoalbaillella HoLDS-
WORTH and JoNEs, Follicucullus ORMISTON and BABcock and Neoalbaillella T'AKEMURA and NAKA-
SEKO. Until now, thirteen zones have been discriminated within the bedded chert sequences
in the Tamba-Mino Belt. Radiolarians are also found in the standard sequence of the Japanese
Permian, such as the Lepidolina kumaensis Zone of the Maizuru and the Kuma Formations. In
this paper, thirteen radiolarian zones of the Japanese Permian and Upper Carboniferous are re-
defined and some of them are correlated with conodont and fusulinid zones.

I. Introduction

Much progress has been made in Late Carboniferous and Permian radiolarian bio-
stratigraphy of Japan. It is established within continuous sequences of the bedded
chert in the Tamba-Mino Belt, Southwest Japan (IsHicA and ImoTto, 1980; IsHIGA
et al., 1982a, b, c; Isuica, 1982; IsHIGA et al., 1984 etc.). Because the Permian bedded
chert of the Tamba-Mino Belt of the B terrane-group (ICHIKAWA, 1984; see ISHIGA,
1986) are usually strongly deformed and occur as olistolith within the Jurassic clastic
formation, a complete section of bedded chert covering the whole of the Permian has
not been found out yet. However, sequences including two or more radiolarian zones
often occur in the Tamba Belt and adjacent areas, Southwest Japan. Samples from
bedded cherts were collected bed by bed and radiolarians and conodonts are extracted
by using HF solution and are picked up by fine brush under stereoscopic binocular-
microscope. In addition, SEM is used for the detailed observation and photographing.

Radiolarians in the bedded chert are composed of a large amount of Spumellarians
and a small amount of Albaillellarians. Among these radiolarians, Albaillellarians have
the very characteristic shape and rather short range of occurrence on specific level. Thus,
radiolarian zones are recognized mainly on the basis of the characteristic species of the
genera Albaillella DEFLANDRE, Pseudoalbaillella HoLpsworRTH and JONES, Follicucullus
OrmisTON and BaBcock and Neoalbaillella TAkEMURA and NAKASEKO. Until now,
thirteen radiolarian zones have been discriminated and some of them are correlated with

the conodont zones through the study of coexisting conodonts. Permian (and Upper
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Fig. 1. Late Carboniferous and Permian radiolarian zonation and range chart of the characteristic
species of Japan after IsHiGA et al. (1982a, b, c; 1984; 1986), IsHicA (1982) and other
unpublished data of the author.

Abbreviation: A A.; Albaillella, Ps.; Pseudoalbaillella, Fo.; Follicucullus,
Ne.: Neoalbaillella.
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Carboniferous) radiolarian zones have been identified not only in the Tamba-Mino Belt
but also in the Maizuru, the Chugoku and the Hida marginal Belts of the A terrane-
group and the Chichibu Belt of the B terrane-group. Permian and Late Carboniferous
radiolarians have been found mostly from bedded chert of the B terrane-group, but some
of them were found also from mudstone of the A and the B terrane-groups.
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Recently, radiolarians are also found in some standard sequences of the Japanese
Permian and some of the radiolarian zones have been correlated with fusulinid zones
as well as the conodont zones (IsHiGa, 1984; IsHicA and Mivamoro, 1986 etc.). In
this paper, the author summarizes the scheme of the radiolarian biostratigraphy of the
Permian and Upper Carboniferous of Southwest Japan.

II. Radiolarian Zonation

Radiolarian zones recognized in the bedded chert sequence of the Tamba-Mino Belt
of the B terrane-group are as follows, in ascending order (see Fig. 1). (For a threefold
subdivision of the Japanese Permian see e.g. Isomi, 1977).

Pseudoalbaillella nodosa Assemblage-zone
Ps. bulbosa A-zone

Ps. u-forma morphotype I A-zone

Ps. u-forma m. 11 A-zone

Ps. lomentaria Range-zone

Ps. scalprata m. rhombothoracata A-zone
Albaillella sinuata R-zone

Ps. sp. C A-zone

SORS0 EON DTt S T =

Ps. globosa A-zone
Follicucullus monacanthus R-zone

— =
— =
L] -

Fo. scholasticus A-zone

Neoalbaillella optima A-zone

Ne. ornithoformis A-zone

Some of the radiolarian zones given above are recently recognized from the A and
the B terrane-groups by many authors (see e.g. ISHIGA et al. 1986; YOSHIDA and IMURATA,
1985), which will be referred in a separate paper. Correlation of the proposed zones
with the Permian and Upper Carboniferous assemblage-zones by IsHiGA et al. (1982b,
1984) and IsHica (1982) is given in Fig. 2.

Ptk
W N

1) Pseudoalbaillella nodosa Assemblage-zone

Distribution: This zone occurs in the red bedded chert accompanied with green-
stone in the Sasayama area, western Tamba Belt (IsHIGA, 1982) and 1s the oldest zone
recognized in the Tamba-Mino Belt.

Composition of radiolarian assemblage: This zone is characterized by assemblage
of Ps. nodosa IsH1GA, Ps. sp. G and Ps. annulata 1sHiGA (IsHIGA et al., 1984).

Age: Late Carboniferous (Morrowan to Atokan) conodonts such as Idiognrathoides
sinuatus GUNNELL, I. roundyi GUNNELL and Gondolella clarki KOIKE occur in this zone
together with Idiognathodus delicatus GUNNELL (IsHIGA, 1932).

Remarks: This zone nearly corresponds to the Ps. nodosa A-zone of IsHIGA (1982).
The top of this zone nearly corresponds with the horizon of the first appearance of Ps.
bulbosa ISHIGA.
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Fig. 2. Correlation of the proposed zones with the assemblage-zones, set up by IsHIGA et al.
(1982b, 1984) and IsuicaA (1982).

2) Pseudoalbaillella bulbosa Assemblage-zone
Distribution: This zone occurs in the red bedded chert accompanied with green-
stone in the Sasayama area, western Tamba Belt (IsHiGa, 1982) and bedded chert in

Itsukaichi area Kanto Mountains (Sarto, 1984).
Composition of radiolarian assemblage: This zone is characterized by assemblage

of Ps. bulbosa and Ps. annulata.
Age: Late Carboniferous to FEarly Permian conodonts, Idiognathodus delicatus

GUNNELL and Streptognathodus elongatus ELLISON occur in this zone (IsHica, 1982).
Remarks: This zone nearly corresponds to the Ps. bulbosa A-zone of IsHIGA (1982).
This zone and next two zones are discriminated on the basis of the evolutionary lineage

of Ps. bulbosa—Ps. u-forma morphotype I and II. The top of this zone is nearly correla-
tive with the horizon of the first occurrence of Ps. u-forma morphotype I.

3) Pseudoalbaillella u-forma morphotype I Assemblage-zone
Distribution: This zone is distributed in the red bedded chert accompanied with

greenstone in the Sasayama area, western Tamba Belt (IsHica, 1982), the Ohmori area
in the central Tamba Belt (Isuica et al., 1984) and bedded chert in the Itsukaichi area,
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Kanto Mountains (SA1To, 1984).

Composition of radiolarian assemblage: This zone i1s characterized by assemblage
of Ps. u-forma m. I, Ps. annulata and Ps. bulbosa.

Age: This zone corresponds to the lower to middle part of Wolfcampian of North
America, for Hindeodus expansa PERLMUTTER, Idiognathodus delicatus and Streptognathodus
elongatus occur in this zone in the Sasayama area (IsHiGa, 1982) and the Ohmori area
in the Tamba Belt (ISHIGA ef al., 1984).

Remarks: This zone is equivalent to the Ps. annulata—Ps. u-forma m. 1 A-zone of
IsuiGA et al. (1984). 'The base of this zone is defined by the horizon of the first appear-

ance of Ps. u-forma m. I and the top of the zone, by the first occurrence of Ps. u-forma
m. 11.

4) Pseudoalbaillella u-forma morphotype II Assemblage-zone

Distribution: This zone occurs in the bedded chert in the Tamba-Mino Belt (IsHi-
GA and Imoto, 1980; IsHIGA et al., 1984 etc.).

Composition of radiolarian assemblage: This zone is characterized by assemblage
of Ps. u-forma m. 11, and Ps. elegans IsHiGA and ImoTO. Ps. simplex IsHIGA and IMOTO
occurs in the lowest part of this zone.

Age: Considering the stratigraphic position of this zone above the Ps. u-forma
m. I A-zone, this zone is regarded to be correlative with middle part of Wolfcampian
of North America.

Remarks: This zone is equivalent to the Ps. u-forma—Ps. elegans A-zone of IsHIGA
et al. (1982b) and the Ps. u-forma (m II)-Ps. elegans A-zone of IsHIGA et al. (1984).

5) Pseudoalbaillella lomentaria Range-zone

Distribution: This zone is distributed in the bedded chert in the Tamba-Mino
Belt (Isa1ca and Imoto, 1980; IsHIGA et al., 1984).

Composition of radiolarian assemblage: The diagnostic species of this zone is
Ps. lomentaria I1sH1GA and ImoTo. Ps. longicornis IsHiGA and IMoTo and Ps. sakmarensis
KozUur occur in this zone. In the lower part of this zone, Ps. sp. aff. Ps. scalprata occurs,
while in the upper part, Ps. scalprata morphotype scalprata, Ps. scalprata m. postscalprata
occur. In addition, Ps. ornata IsHiGA and IMOTO occurs in the upper part of this zone.

Age: Ps. sakmarensis was originally described from the Sakmarian of Cis-Urals
(Kozur, 1980). Haplodiacanthus anfractus NAzAROV and RUDENKO which is closely
related with Ps. lomentaria was described from the Artinskian of the South Urals (NAzA-
rov and RubpenNko, 1981). However, this zone is correlated with the middle part of
Wolfcampian of North America based on the stratigraphic position of this zone under
the Ps. rhombothoracata A-zone mentioned below.

Remarks: This zone is equivalent to the Ps. lomentaria A-zone of ISHIGA et al.
(1982b).

6) Pseudoalbaillella scalprata morphotype rhombothoracata Assemblage-zone
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Distribution: This zone is distributed in the red bedded chert in the Tamba-
Mino Belt (IsH1Ga and Imoro, 1980; IsHiGA et al., 1982c).

Composition of radiolarian assemblage: This zone is characterized by assemblage
of Ps. scalprata morphotype rhombothoracata which occurs also in the lower part of the
next higher Albaillella sinuata Range-zone. In the lower part of that zone, Ps. scalprata
m. scalprata and Ps. scalprata m. postscalprata occur, while in the upper part Albaillella
asymmetrica occurs. In the middle part of this zone, Ps. elongata Isuica and IMoro
occurs, which shows short range of occurrence.

Age: Latest Wolfcampian Sweetognathus whitei (RHODES) occurs in this zone.

Remarks: 'This zone is equivalent to the Ps. rhombothoracata A-zone of IsHIGA

et al. (1982h).

7) Albaillella sinuata Range-zone.

Distribution: This zone is included in the chert formation of the Nishiki Group
in the Muikaichi area, Shimane Prefecture (IsHiGA et al., 1986) and the Shimomidani
Formation in the “Chugoku Belt”, Kyoto Prefecture (IsHicA and Suzuki, 1984), of the
A terrane-group, while in the B terrane-group, it occurs in the bedded chert in the Tamba
Belt (Isuica et al., 1982b, c).

Composition of radiolarian assemblage: The diagnostic species of this zone is
Albaillella sinuata IsuiGA and WATASE (IsHIGA et al., 1986). In addition, A. asymmetrica
IsaicA and Imoto and Ps. scalprata m. rhombothoracata occur in this zone. Ps. sp.
aff. Ps. longicornis occurs from the horizon just below the boundary between this zone
and the superjacent Pseudoalbaillella sp. C Assemblage-zone.

Age: This zone is set up above the latest Wolfcampian Pseudoalbaillella scalprata
morphotype rhombothoracata A-zone (IsHIGA et al., 1982b; IsHiGA, 1983) and is assigned
to Leonardian in age based on the co-occurrence of Leonardian conodonts (IsHIGA and

SUZUKI, 1984).
Remarks: This zone is equivalent to the Albaillella sp. D A-zone of ISHIGA et al.

(1982b). This zone is the range-zone of Albaillella sinuata (=A. sp. D of IsHIGA et al.,
1982b, c¢). The top of this zone nearly corresponds to the horizon of the first occur-

rence of Ps. sp. C of IsHIGA et al. (1982c).

8) Pseudoalbaillella sp. C Assemblage-zone.

Distribution: This zone is recognized in the chert and the mudstone formations
of the Nishiki Group in the Chugoku Belt of the A terrane-group (IsHiGA et al., 1986)
and the red bedded chert of the Yagi and the Ashimi-dani areas in the Tamba Belt of
the B terrane-group (IsHiGA et al., 1982b, c).

Composition of radiolarian assemblage: This zone is characterized by assemblage
of Ps. sp. C of Isuica et al. (1982c), Albaillella asymmetrica, Ps. sp. aft. Ps. longicornis,
and Ps. sp. D of IsHiGa et al. (1982c). Ps. fusiformis occurs in the upper part of this

zone.
Age: This zone is set up between the Albaillella sinuata R-zone and the Pseudo-
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albaillella globosa A-zone. Based on the age of the overlying and the underlying zones,
the present zone is probably assigned to late Leonardian in age.

Recently, Ps. longtanensis SHENG and WANG and Ps. nanjingensis SHENG and WANG
[=Ps. fusiformis (HOLDSWORTH and JONES)] have been reported from the Kufeng Forma-
tion, Nanjing, which is situated between the Chihisian and the Longtan Formations
and 1s correlated with the Maokouan (SHENG and WANG, 1985). Ps. longtanensis is close-
ly related with Ps. sp. C of IsHIGA ef al. (1982c) and the assemblage ieported by SHENG
and WANG from the Kufeng Formation, is regarded to correspond to that from the upper
part of Ps. sp. C A-zone, considering co-occurrence of Ps. longtanensis and Ps. fusiformis
in the Kufeng Formation. Therefore, this zone 1s assigned to certain part of the Mao-
kouan in age.

Remarks: 'The base of this zone nearly corresponds to the horizon of the first ap-
pearances of Ps. sp. C of IsuiGa et al. (1982c) and Ps. sp. aff. Ps. longicornis. The top
of this zone is defined by the horizon of the first occurrence of Ps. globosa IsHiGA and
ImoTo. This zone corresponds to the unnamed zone of 3.3 m thickness and the lower
part of the Ps. globosa A-zone in IsHIGA et al. (1982b), which are characterized by the
occurrence of Ps. sp. C. Albaillella asymmetrica ranges from the A, sinuata Range-zone
to this zone and abundantly occurs in this zone.

9) Ps. globosa Assemblage-zone.

Distribution: This zone i1s recognized in the mudstone formation of the Nishiki
Group in the Chugoku Belt of the A terrane-group (ISHIGA ef al., 1986) and in the bedded
chert in the Tamba-Mino Belt of the B térrane-group (Isuica et al., 1982b, c).

Composition of radiolarian assemblage: This zone 1s characterized by assemblage
of Ps. globosa, Ps. sp. aft. Ps. longicornis, Ps. fusiformis, Ps. lanceolata IsHIGA and IMOTO
and A. asymmetrica.

Age: The Ps. fusiformis Group Assemblage, which is closely resembling the Ps.
globosa Assemblage in Japan, occurs from the latest LLeonardian Bone Spring Limestone
of Texas (IMURCHEY et al., 1983). Furthermore, Ps. globosa and Ps. sp. D of IsHIGA
et al. (1982c) occur from the Born Spring Limestone, West Texas (CORNELL and SIMPSON,
1985). From the radiolarian locality in the Born Spring Limestone, Roadian (Late Leo-
nardian or latest Early Permian of North America) ceratitoid ammonoids, Paraceltites
elegans GIRTY was described (SpiNosaA et al., 1975). The Ps. globosa A-zone 1s probably
assigned to late Leonardian to Guadalupian based on the age of the subjacent zone of
Ps. sp. C A-zone and that of the allied assemblage from Texas.

Remarks: The base of this zone is marked by the horizon of the first occurrence
of Ps. globosa, while the top of this zone corresponds to the horizon of the first occur-
rence of Fo. monacanthus Isuica and Imoto. This zone corresponds to the upper part
of the “Ps. globosa Assemblage-zone” of IsHica et al. (1982b), because the lower part
of their zone is now referred to the Ps. sp. C A-zone in the lower part and the Ps. globosa
A-zone.
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10)  Follicucullus monacanthus Range-zone

Distribution: This zone is distributed in the grey bedded chert in the Tamba-
Mino Belt of the B terrane-group (IsHicaA et al., 1982b, c). It is also recognized in the
black mudstone of the Maizuru Group, Kyoto Prefecture (IsHIGa, 1984), the black mud-
stone and acidic tuft of the Nishiki Group in Shimane Prefecture (IsHiGA et al., 1986)
and black mudstone in Katsuyama area, Okayama Prefecture (MIYAKE, 1985) of the
A terrane-group.

Composition of radiolarian assemblage: Diagnostic species of this zone is Fol-
licucullus monacanthus. In the lower part of this zone, Ps. globosa occurs, while in the
upper part, Fo. scholasticus m. 11 occurs.

Age: This zone is set up below the Late Permian Follicucullus scholasticus As-
semblage-zone (ISHIGA et al., 1982b, c) and is assigned to Late Leonardian or Early Gua-
dalupian of North America in age.

Remarks: This zone is equivalent to the Fo. sp. A A-zone of IsHIGA et al. (1982b).
This zone 1s the range-zone of Follicucullus monacanthus (=Fo. sp. A of ISHIGA et al.,
1982b, c). The top of this zone nearly corresponds with the horizon of the first occur-
rence of Fo. scholasticus m. 1.

11)  Follicucullus scholasticus Assemblage-zone

Distribution: This zone is distributed in the grey bedded chert in the Tamba-
Mino Belt of the B terrane-group (IsHica and Imoto, 1980; IsHica ef al., 1982b, c).
This zone is recognized in the black mudstone of the Maizuru Group (IsHica, 1984) and
Nishiki Group (IsH1GA et al., 1986) of the A terrane-group.

Composition of radiolarian assemblage: Concerning the characteristic species,
radiolarian content of this zone is different from each other between the A and the B
terrane-groups. In the B terrane-group, this zone is generally characterized by Fo.
scholasticus m. II which occurs abundantly in this zone among the radiolarian species
including Spumellarians, Albaillellarians and others. In the chert sequence of the B
terrane-group Fo. scholasticus m. 1 occurs exceptionally in the Sasayama area. In the
A terrane-group, on the other hand, both Follicucullus scholasticus morphotype 1 and
IT occur together within this zone and the former is the diagnostic of this zone. In the
upper part of this zone both in the A and the B terrane-group, Albaillella triangularis
Isaica, Kito and ImoTo occurs. These two assemblages in the A and the B terrane-
groups are contemporaneous with each other (e.g. IsHiGA, 1984, 1985; Isuica et al.,
1986).

Age: Follicucullus scholasticus m. 1 and m. II and Albaillella triangularis occur
from the Late Permian Lepidolina kumaensis Zone, Kyushu (Mivamoro et al., 1985;
IsHiGA and Mivamoro, 1986). Fo. scholasticus m. II occurs in the upper formation of
the Maizuru Group which is assigned to the Lepidolina kumaensis Zone (IsHica, 1934).

Remarks: Follicucullus bipartitus—Fo. charveti Assemblage characteristically occurs
in the thinly alternating siliceous rock and pelitic rock of the O1 Formation of the Ultra-
Tamba Zone (CarmDrOIT et al., 1985; Isnica, 1985, 1986), which is correlated with
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the assemblage from the upper part of the Fo. scholasticus A-zone (Isuica, 1985; IsHiGA
and Mivamoro, 1986). This assemblage also occurs in the Lepidolina kumaensis Zone

of the Kuma Formation, Kyushu (MivamoTro et al., 1985; IsumicA and MivAmoTo,
1986).

12)  Neoalbaillella optima Assemblage-zone

Distribution: This zone is disttibuted in the grey bedded chert of the Tamba-
Mino Belt of the B terrane-group (IsHiGA ef al., 1982a, b).

Composition of radiolarian assemblage: This zone is characterized by assemblage
of Neoalbaillella optima Isuica, Krto and Imoto, Albaillella triangularis and Follicucullus
scholasticus m. II. In the upper part of this zone, Albaillella levis 1suica, Kito and
Imoto and A. excelsa Isuica, Kito and ImoTo occur.

Age: This zone is set up above the Late Permian Follicucullus scholasticus A-zone.
Conodonts resembling Dzhulfian (Late Permian) Gondollella orientalis BArskov and
KOROLEVA occurs in this zone (IsHIGA et al., 1982a).

Remarks: This zone is equivalent to the Ne. optima A-zone of IsHIGA et al. (1982b).

13) Neoalbaillella ornithoformis Assemblage-zone

Distribution: 'This zone is distributed in the grey bedded chert in the Tamba-
Mino Belt of the B terrane-group (IsHIGA et al., 1982b).

Composition of radiolarian assemblage: This zone is characterized by assemblage
of Neoalbaillella ornithoformis and Follicucullus scholasticus m. 11. Albaillella excelsa,
A. levis, Ne. optima occur in the lower part of this zone, while Ne. grypus Isnica, Kito
and IMoTO occurs in the upper part of this zone.

Age: 'This zone corresponds to some part of Upper Permian (probably upper part
of the Upper Permian), for it is set up two-over the early Late Permian Follicucullus
scholasticus Assemblage-zone mentioned above.

Remarks: This zone 1s equivalent to the Ne. ormithoformis A-zone of ISHIGA et al.

(1982b).

ITI. Phyletic lineage of Albaillellaria in Late Carboniferous
and Permian times

Main features of the evolutionary trend of Late Carboniferous and Permian Albail-
lellaria arc summarized as follows: (1) Successive occurrence of species of Pseudo-
albaillella HorLpDswoRTH and JONES, Follicucullus OrRMISTON and BABcock and Neoal-
baillella TAKEMURA and NAKASEKO are recognized; (2) Their diversity rapidly in-
creased with time; namely, Albaillella gave rise to Pseudoalbaillella in Late Carboniferous
time (e.g. HOLDSWORTH and JoNEs, 1980) which in turn gave rise to Follicucullus in late
Middle Permian time (ISHIGA ef al., 1982c); (3) A certain species of Pseudoalbaillella
such as Ps. sp. C is regarded to have been the ancestor of Neoalbaillella (IsHIGA et al.,
1986) which was remarkably diversified in Late Permian time (ISHIGA et al., 1982a);
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(4) Albaillella declined in Late Carboniferous, but still survived until Late Permian
time (IsHIGA, 1982a). Horizon of first appearance of many species belonging to Al-

baillellaria prove important in defining Late Carboniferous and Permian biostratigraphic
datum planes as shown in this paper.

Acknowledgement

The author greatly appreciates Professor K. Icuikawa of Osaka City University
for his valuable advices. He would like to thank Professor N. ImoTto of Kyoto Univer-
sity of Education and Dr. A. Yao of Osaka City University for discussion on radiolarian
biostratigraphy of the Upper Paleozoic of Japan.

A part of this work is supported by the Grant-in-Aid of Ministry of Education,
Science and Culture of Japan (Grant No. 60790036).

References

CArIDROIT, M. and DE WEVER, P. (1984): Description de quelques nouvelles espéces de Follicu-
cullidae et d’Entactiniidae (radiolaines polycystines) du Permian du Japon. Géobios, no. 17,
p. 639-644.

CaAriDroOIT, M., IcHiIKAWA, K. and CHARVET, J. (1985): The Ultra-Tamba Zone, a new unit
in the Inner Zone of Southwest Japan —its importance in the nappe structure after the ex-
ample of the Maizuru area—. ‘“Earth Sci.”’ (Chikyu Kagaku), vol. 39, no. 3, p. 210-219.

CorNELL, W.C. and Smvpson, R.D. (1985): New Permian albaillellid radiolarians from West
Texas. Micropaleont. vol. 31, no. 3, p. 271-279.

IlcHiIkKAWA, K. (1984): Mesozoic accerelation of Eastern Continental margin of Asia (Tectonic
development of basement structure of Eastern Asia I). In Huzita, K. ed., Tectonic Belts
of Asia, p. 223—-238. Kaibundo Shuppan Co., Ltd., Tokyo (in Japanese).

Isuica, H. (1982): Late Carboniferous and Early Permian radiolarians from the T'amba Belt,
Southwest Japan. “Earth Seci.”” (Chikyn Kagaku), vol. 36, no. 6, p. 333-339.

IsHica, H. (1983): Morphological change in the Permian radio laria Pseudoalbaillella scalprata in
Japan. Trans. Proc. Palaeont. Soc. Japan. N.S. no. 129, p. 1-8.

Isuica, H. (1984): Follicucullus (Permian radiolaria) from Maizuru Group in Maizuru Belt,
Southwest Japan. “Earth Sci.”’ (Chikyu Kagaku), vol. 38, no. 6, p. 427-434.

IsHicA, H. (1985): Discovery of Permian radiolarians from Katsumi and O1i Formations along
south of Maizuru Belt, Southwest Japan. “Earth Sci.”’ (Chikyu Kagaku), vol. 39, no. 3, p.
175-185.

Isaica, H. (1986): Ultra-Tamba Zone of Southwest Japan. Jour. Geosci., Osaka City Umniv.,
vol. 29, p. 45-88.

Isaica, H. and ImoTo, N. (1980): Some Permian radiolarians in the Tamba district, South-
west Japan. “Earth Sci.”’ (Chikyu Kagaku), vol. 34, no. 6, p. 333-345.

Isaica, H., Imoto, N., YosHipa, M. and TanaBg, T. (1984): Early Permian radiolarians from
the Tamba Belt, Southwest Japan. “Earth Sci.”” (Chikyu Kagaku), vol. 38, no. 1, p. 44-52.
Isaica, H., Krto, T. and ImoTto, N. (1982a): Late Permian radiolarian assemblages in the

Tamba district and adjacent area, Southwest Japan. “Earth Sci.” (Chikyn Kagaku), vol. 36,
no. 1, p. 10-22.
Isuica, H., Kito, T. and ImoTto, N. (1982b): Permian radiolarian biostratigraphy. News of

Osaka Micropaleontologists Special Vol., no. 5, 17-26. |
IsHica, H., Krro, T. and Imoto, N. (1982¢): Middle Permian radiolarian assemblage from




100 Hiroaki ISHIGA

the Tamba district and adjacent area, Southwest Japan. “Earth Seci.”’ (Chikyu Kagaku), vol.
36, no. 5, p. 272-281.

Isaica, H. and Mivamorto, T. (1986): Follicucullus (radiolaria) from Upper Permian Kuma
Formation, Kyushu, Southwest Japan. Trans. Proc. Palaeont. Soc. Japan, no. 141, p. 332-335.

Isuica, H. and Suzuki, S. (1984): Discovery of Permian radiolarians and conodonts from the
Shimomidani Formation in the ‘“Maizuru Belt”’, Southwest Japan and its significance. ‘“Earth
Sci.”’ (Chikyu Kagaku), vol. 38, no. 3, p. 197-206.

Isaica, H., WaTasg, H. and Naka, T. (1986): Permian radiolarians from Nishiki Group in
Sangun-Chugoku Belt, Southwest Japan. “Earth Sci.” (Chikyu Kagaku), vol. 40, no. 2, p.
124-136.

Isomi, H. (1977): Permian System. In TaANAKA, K. and Nozawa, T. eds. Geology and Mineral
resources of Japan. Geol. Surv. Japan p. 106—146.

Kozur, H. (1981): Albaillellidae (radiolaria) aus dem Unterperm des Vorurals. Geol. Palaeont.
Mitt. Innsbruck, Bd. 10, no. 8, p. 263-274 (in Germany with English abstract).

Mivamoro, T., Kuwazuru, J., Nomoto, T., Yamapa, H., TomiNaca, R. and Hasg, A. (1985):
Discovery of L.ate Permian radiolarians from the Kakisako and Kuma Formations in the
Futae district, Izumi-mura, Yatsushiro county, Kumamoto Prefecture, Kyushu (Short Re-
port). “Earth Sci.”’ (Chitkyu Kagaku), vol. 39, no. 1, p. 78-84 (in Japanese).

MurcHEY, B., HoLpsworTH, B.K. and Jones, D.L. (1983): Pennsylvanian and Permian radio-
larian assemblages in Cordillera of North America. Bull. Amer. Assoc. Petroleum Geol., vol.
6/ in0% 3. 3p 522!

Nazarov, B.B. and Rupenko, V.S. (1981): Some Permian bilaterally-symmetrical radiolarians
of the South Urals. Vop. Mikropaleontrol., vol. 24, p. 129-139 (in Russian with English
abstract).

OrmIsTON, A. and BaBcock, L. (1979): Follicucullus, new radiolarian genus from the Guadalu-
pian (Permian) Lamer Limestone of Delaware Basin. Jour. Paleont., vol. 53, no. 2, p. 328-
334.

Saito, H. (1984): Early Permian radiolarians from northern part of Kanto Mountains, Japan.
Abst. Prog. Ann. Meat. Geol. Soc. Japan, p. 233 (in Japanese).

SHENG, J. and WanG, Y. (1985): Fossil radiolaria from Kufeng Formation at Longtan, Nanjing.
Acta Palaeont. Sinica, vol. 24, no. 2, p. 171-180 (in Chinese with English abstract).

SpiNosa, C., Furnisg, W.M. and GLENISTER, B.F. (1975): The Xenodiscidae, Permian ceratitoid
ammonoids. Jour. Paleont., vol. 49, no. 2, p. 239-283.

TAKEMURA, A. and Nagaseko, K. (1980): A new radiolarian genus from the Tamba Belt, South-
west Japan. Trans. Proc. Palaeont. Soc. Japan. N. S. no. 124, p. 208-214.

Yosuipa, H. and Murata, M. (1985): Permian radiolarian biostratigraphy from the north-
eastern part of Saiki City, Oita Prefecture, Japan. Jour. Geol. Soc. Japan. vol. 91, no. 8, p.
525-533 (in Japanese with English abstract).

e



