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The Fusulinacean Zones of Japan

By

Ryuzo TORIYAMA

Abstract

The present paper deals with the fusulinacean zones of the Middle-Upper
Carboniferous and Permian formations in the Japanese Islands, along with a
description of stratigraphy and the fusulinacean faunas known up to the
earlier time in 1966.

Chapter I is devoted to a general consideration of the fusulinacean zones
and the divisions of the Middle-Upper Carboniferous and Permian. Chapters
II to X respectively are concerned with the zone of Millerella (Onimaruan and
Kamitakaran Stages), the zone of Profusulinella (Atetsuan Stage), the zone of
Fusulinella (Akiyoshian Stage), the zone of Fusulina (Kurikian Stage), the
zone of Triticites (Hikawan Stage), the zone of Pseudoschwagerina (lower-
middle Sakamotozawan Stage), the zone of Parafusulina (upper Sakamoto-
zawan-Nabeyaman Stage), the zone of Neoschwagerina (Akasakan Stage), and
the zone of Yabeina-Lepidolina (Kuman Stage).
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Introduction

The manuscript of the present paper was first prepared by the author in 1958
as the introductory part of the “Geology of Akiyoshi” (Vol. VII of this Memoirs).
Unfortunately a very unfavourable economic situation existed at that time and
his introductory part was, of necessity, omitted. However, a general summary of
that manuscript at that time was later incorporated into the chapter on the
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Permian Period of the “Geology of Japan” which was published on the occasion
of the sixtieth birthday of Professor Teiichi KOBAYASHI in 1963.

Since then a great profusion of technical studies have been conducted con-
cerning many geological aspects of Carboniferous—Permian formations in Japan.
These geological works are housed in many different reports by different authors
and, to date, a comprehensive summary under one cover is lacking. The author
has taken a large part of this task by writing a comprehensive paper dealing in
depth with the fusulinacean zones and faunas in the Carboniferous—Permian
times. It is hoped that the present paper will provide a general understanding
of this period of time, not only to the Japanese geologists but also to geologists
worldwide.

The present paper may seem prolix, but detailed stratigraphical and paleonto-
logical information of each area must be known in order to make comprehensive
zonation and correlation of the Carboniferous—Permian formations of the Japa-
nese Islands. Some areas have been studied in great detail both in stratigraphical
and paleontological sides, while others have been left virtually unstudied. Little
can be stated about the unstudied areas other than their location, along with a
brief account of rock facies and sometimes a list of fossil contents. Moreover it is
very unfortunate to the foreign geologists who are interested in the Japanese
Carboniferous—Permian stratigraphy and fusulinacean foraminifers that many
of the publications in this country are written in Japanese, though a brief
abstract is usually written in a European language. One purpose of the present
paper is focused to get over this difficulty ; namely in order to make foreign workers
understand the results published in Japanese from the earlier time to the present.
The present paper quotes these references as often as possible as well as giving
an adequate description of the name, location and formation. On the other hand
only a brief account has been given to the publications written in European
language.

Thus the present paper attempts to describe the stratigraphy and fusulina-
cean faunas so far as known up to the earlier date of 1966, but it does not intend
to discuss the geological history including sedimentology, paleogeography, struc-
tural evolution, and igneous activities. Another paper would be required of such
subjects.

The distribution of the Carboniferous—Permian formations in the Japanese
Islands is indicated in Fig.1, and the locality number of exposures, chosen
mostly from the formational name, is indicated in Fig.2% In Chapters II
through X the description is arranged in the following units from north to south:

I. Kitakami and Abukuma massifs (including Choshi Peninsula), ab-
breviated to [Ka]

II. Inner zone of Northeast Japan, abbreviated to [Nei]

III. Kwanto massif, abbreviated to [Kw]

IV. Hida massif and Tamba zone, abbreviated to [Ht]

* Stratigraphy and/or fusulinacean fossils of some of the localities in Figs. 3-11 are
not described in the text. These localities are only quoted from the fossil lists or fossil
localities in the references or geological maps.
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V. Inner zone of Southwest Japan, abbreviated to [Swi]

VI. Outer zone of Southwest Japan, abbreviated to [Swol

In this paper the Middle-Upper Carboniferous is divided into six Stages and
the Permian into four Stages though the Paleozoic stratigraphers in this country
have not come to a complete agreement on this usage. Considering the status and
dimension of a Series, most of the “Series” currently used among the Paleozoic
stratigraphers of Japan should be ranked to a Stage or even to a Substage, because
one “Series” often represents only one fusulinacean zone and sometimes even
more than one “Series” is included in only a single fusulinacean zone.

In this paper the fusulinacean zones based on the genus level are still used,
though such a usage as the zone of Millerella, the zone of Profusulinella, etc.
is not advisable bcause it often produces ambiguity in a strict correlation and
faunal comparison. Nevertheless, the available information on the fusulinacean-
bearing strata is not enough to set up the standard specific zones which are
applicable throughout the Middle Carboniferous to Permian, though in some
areas detailed zonation based on the specific level has already been established.
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Chapter I. The general consideration on the fusulinacean zones
of Japan

1. The zone of Millerella

The lowest fusulinacean zone in Japan is the zone of Millerella, our knowledge
of which has been considerably increased during the last decade, though there
are still many problems remaining unsolved. In fact, there is not enough paleon-
tological information available to establish the specific zone of Millerella through-
out Japan.

Light was first thrown on the zone of Millerella by YABE (1949) followed by
KANMERA (1952), TorRIYAMA (1957), Ico (1957), FuJiMoto and Ico (1958),
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Carboniferous Research Subcommittee (Chairman, H. YABE, 1960), MURATA
(1961), OKIMURA (1963, 1966), and others. The general characteristic features
of the zone of Millerella of Japan have been summarized by FuJiM0oTO and IGO
(0p. cit.) and the Carboniferous Research Subcommittee (op. cit.). Their major
scheme is the division of the zone of Millerella into two parts and is presently
acceptable.

The lower part is pretty well defined by the association of Millerella japonica
KANMERA, M. gigantea KANMERA, M. komatui 1Go, M. discoidea 160, Eostaffella
kanmerai (1G0), and such characteristic coral of the Onimaruan type as Kueichou-
phyllum, Dibunophyllum, Lithostrotion, Palaeosmilia, Hexaphyllia, etc. It is
almost certain that the lower part of the zone of Millerella of Japan is correlative
with the Upper Viséan in the European equivalent or the Chesterian of North
America.

However, in the opinion expressed by the Mississippian Subcommittee
(Chairman J. M. WELLER, 1948) and also by MOORE (1948) the Viséan—Namurian
boundary may fall within the Chesterian: this means that the Chesterian is
correlative with the Upper Viséan to Lower Namurian in European equivalent.
Thus a question has been raised as to whether the lower part of the zone of
Millerella of Japan is correlated entirely with the Upper Viséan or whether it
ranges up to the Lower Namurian. The subdivision of the Fostaffella kanmerai
zone in the Fukuji area proposed by MINATO and KATO (1957) has complicated
the question, because their Neokoninckophyllum mipponense subzone contains no
common element with the subjacent Siphonodendron hidense subzone which bears
the typical Onimaruan coral fauna.

As KoNisHI (1963) pointed out some of the formation referred to as the
Onimaruan may attain higher stratigraphic position than the Onimaru “Series”
defined at the type locality, and may possibly be correlative with the lower
Namurian. FuJiMoTo and Ico (1958) are nearly of the same opinion, which is
that the lower half of the zone of Millerelle in Japan is equivalent with the Upper
Viséan (Dibunophylium zone) to the Lower Namurian (Eumorphoceras zone).
With regards to the stratigraphical position of the upper limit of the Onimaruan,
opinions are diverse between IGo and MINATO and his students. Discussion
between them, which has not reached a definitive conclusion, has also been well
summarized by KONISHI (op. cit.).

The upper part of the zone of Millerella has not been as exactly defined as the
lower part. It was first found by Ico (1956, 1957) in the lower part of the
Ichinotani Formation in the Fukuji area, which is only about 15 m thick. Accord-
ing to Ico it is characterized by the rather smaller sized species of Millerella,
M. bigemmicula 1co, Nankinella cfr. plummeri THOMPSON, Pseudostaffella kanumai
1co, and P. kanumai pausiseptata 1Go, without any association of the Onimaruan
type of corals and species of Profusulinella.

OKIMURA (1966) has made a fine zonation on the pre-Moscovian formations
based on the detailed micropaleontological studies on the smaller foraminifers
and primitive fusulinaceans of the Atetsu, Taishaku and Akiyoshi limestones.
Beneath the Profusulinella toriyamai — P. beppensis zone, the following five zones



The Fusulinacean Zones of Japan 39

are discriminated in descending order as (5) Pseudostaffella antiqua zone, (4)
FEostaffella sp. A — Millerella sp. A zone, (8) Mediocris sp. A — M. mediocris zone,
(2) Endostaffella delicata zone, and (1) Endothyra sp. A zone. The correlation
of these zones with the European standard reference section was also given by
OKIMURA ; namely, zone (1), (2) and the lower half of (3) [=Onimaruan Stage]
with the Lower, Middle and Upper Viséan, respectively, and the upper half of the
zone (3) with the Namurian of Russia (Protova horizon) or the Lower Namurian
of West Europe. The zone (4) and (5) are respectively correlative with the
Lower and Middle Bashkirian. He inferred that the boundary between the
Lower and the Upper Carboniferous is placed at the base of the Eostaffella sp.
A — Millerella sp. A zone, and that there is probably an unconformable relationship
between the Lower and the Upper Carboniferous. Because the upper half of
the Mediocris mediocris zone is not present in the Kitakami massif, OKIMURA
proposed a new stage ‘“Ohkuboan” with the type locality at Okubo in the
Akivoshi area.

So far as the western part of Chugoku province is concerned, the zonation
given by OKIMURA is plausible, but it is not known whether his zonation is
applicable to the pre-Moscovian formations of other regions. Our knowledge of
smaller foraminifers of other regions is too poor to discuss the problem.

The time and time-stratigraphic unit for the zone of Millerella has not yet
been fixed. As for the lower part, the Onimaruan Stage has been familiar to the
Japanese stratigraphers, though it is referred by OKIMURA (op. cit.) to the lower
subzone of the Mediocris mediocris zone, and is not inclusive of the zone of
Millerella defined by him. Ico (1956) proposed the Kamitakaran ‘“Series” for
the time-stratigraphic unit equivalent to the upper part of the zone of Millerella
to the upper limit of the zone of Fusulinella*, though he stated that it will be
divided in future studies into two or three series or stages. In fact Ico (1961)
himself found a characteristic disconformity between the zone of Profusulinella
and that of Fusulinella in the Ichinotani Formation. Thus, the Kamitakaran
seems to be changed in definition, and in this paper the Kamitakaran Stage is
revised to cover only the upper part of the zone of Millerella.

The international correlation of the Kamitakaran Stage thus revised is still
uncertain, though it is approximately assignable to the Upper Namurian of West-
ern Europe or to the Ardian (Lower Pennsylvanian) of North America.

2. The zone of Profusulinella

Since the first finding of the zone of Profusulinella in the Akiyoshi limestone
(TorIYAMA, 1954), some information concerning this zone has become available
through ONUKI and YAMADA (1955), Ico (1956, 1957), YoxkovyAmA (1957),
OKIMURA (1958, 1963, 1966), SADA (1961, 1964, 1965), SAKAGAMI (1962), and
HASE (1963, 1964, 1965).

* In the ‘“Carboniferous System of Japan’ (Carboniferous Research Subcommittee,
1960) the Kamitakaran is used for the standard division ranging from the upper part
of the zone of Millerella to the zone of Fusulinella.
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The general characteristics of the zone of Profusulinella has been summarized
by FuJsimoro and Ico (1958) and the Carboniferous Research Subcommittee
(1960). Generally speaking, the zone of Profusulinelle is dominated by rather
primitive species of the zone genus, such as P. rhomboides (LEE et CHEN),
P. beppensis TORIYAMA, P. fukujiensis 1Go, P. toriyamai SADA, and several species
of primitive fusulinaceans, Millerella, Fostaffella, Staffella, Nankinella, and
Eoschubertelle. However, local differences exist in faunal assemblage even within
Southwest Japan. For example, in the Akiyoshi limestone the Profusulinella
beppensis fauna contains representatives of Akiyoshiello and primitive member
of Fusulinella together. They are not present in the Fukuji area where the upper
half of the zone of Profusulinella is barren of fossils.

As already pointed out by FuJiMoTo and IGo (op. cit.), no representative of
highly evolved form of Profusulinelle nor any transitional form from Profusuli-
nella to Fusulinelle has been found in Japan. Accordingly, a complete evolution-
ary pattern of the genus Profusulinella has not been observed in Japan.

The standard time and time-stratigraphic units for the zone of Profusulinella
of Japan has not been settled. The Nagaiwan “Series”, which had long been
regarded as the zone of Fusulinella in the type area of the Kitakami massif, was
proved older than the Akiyoshian (zone of Fusulinella), being equivalent to the
zone of Profusulinelle and a part of the zone of Millerella. Since the Nagaiwa
Formation is rather poor in fossil contents and its fusulinacean fauna has been
so poorly understood, the Nagaiwan ‘“Series” is not considered suitable for the
standard reference section of the zone of Profusulinella. Thus Ico (1956) pro-
posed the Kamitakaran “Series” in substitution for the Nagaiwan ‘“Series’”.
However, as already stated, the Kamitakaran has been changed in definition and,
as suggested by KONIsHI (1963), a better time-stratigraphic unit based on the
definitive biostratigraphic evidence is advisable to assign the zone of Profusuli-
nella. The fusulinellids of the zone of Profusulinelle have been studied extensively
in the Kodani Formation of the Atetsu limestone and the lower part of the Aki-
yoshi limestone Group. Thus the Atetsuan is proposed here either for the time-
stratigraphic or the time unit equivalent to the zone of Profusulinella in Japan,
with its type reference section in the middle part of the Kodani Formation of the
Mitsudo Group. In the type Atetsuan, where it is called the Profusulinella
toriyamai zone (SADA, 1965), the Profusulinella fauna contains P. toriyamai SADA,
P. rhomboides (LEE et CHEN), P. cfr. wangyui SHENG, P. spp. A and B, Nankin-
ella plummeri THOMPSON, Staffella powwowensis THOMPSON, Eoschubertella lata
(LEE et CHEN), E. sp., and smaller foraminifers.

SApA (op. cit.) pointed out that the Profusulinella toriyamai fauna as a
whole has a similarity to the Profusulinella fauna in the upper part of the Green
Canyon Group in Powwow Canyon, Texas. This can also be correlative with
the Profusulinella faunas of the lower part of the Big Saline Limestone and of
the upper part of the Marble Fall Limestone in Texas.

Since the Profusulinella beppensis zone and its equivalent P. fukujiensis
zone and F. toriyamai zone has been extensively studied paleontologically and
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traceable areally in Southwest Japan, the zone of Profusulinella in Japan can
then be called the Profusulinella beppensis — P. toriyamat zone.

3. The zone of Fusulinella

Among the Carboniferous fusulinacean zones, the zone of Fusulinella shows
the largest extent in geographical distribution. For the standard time-strati-
graphic unit equivalent to the zone of Fusulinella the Akiyoshian “Series” was
proposed by TORIYAMA (1960). In the type Akiyoshian, the Fusulinella biconica
zone is cropping out on the southern slope of the Akiyoshi plateau, Shuho-cho,
Miné-gun, Yamaguchi Prefecture. The following species are the important
elements of the type section of the Series; Fusulinelle simplicata TORIYAMA,
F. biconica (HAYASAKA), F. itoi OZAWA, F. cfr. bocki MOLLER, F'. cfr. pseudobocki
(LEE et CHEN), F. subsphaerica TORIYAMA, F. hanzawai 160%*, Fusulina (Bee-
deina) akiyoshiensis TORIYAMA, F. regularis IsHII*, and Wedekindellina cfr.

matura THOMPSON*, (Species with an * are reported by MURATA (1961), but not
described).

Throughout the Akiyoshian zone of Fusulinelle of Japan, the lower part of
this zone is dominated by primitive representatives of the genus such as F. sim-
plicata TORIYAMA and its allied species, F. jamesensis THOMPSON, PITRAT and
SANDERSON, F. kamitakarensis 160, F. itadorigawensis ISHII, and the upper part
is dominated by an abundancy of more evolved forms such as F. biconica
(HAYASAKA), F. pseudobocki (LEE et CHEN), and F'. asiatica 160 (“F. bocki”’ of
some authors). Thus, the lower part can be called the Fusulinella simplicata
subzone and the upper the F. biconica subzone.

Besides the species of Fusulinella, various species of Millerella, Eostaffella,
Staffella, Ozawainella, Eoschubertella, and Fusiella occur in the Akiyoshian and
some of them are found throughout the whole range of the Akiyoshian, while
others are restricted in the lower or upper part; e.g., Fusiella typica LEE et CHEN
is limited in occurrence only in the Fusulinella biconica subzone.

The occurrence of Fusulina in the lower part of the zone of Fusulinella of
Japan cannot be overlooked, though it is not common except in the Itadorigawa
Group of Shikoku. IsSHII (1956, 1958, 1961) gave a full account of this problem
from the phylogenetical point of view of Fusulinidae, and confined the genus
Fusulina to the species of F. cylindrica-type and the genus Beedeina to those of
F. girtyi-type. ISHII is also of the opinion that Fusulina and Beedeina belong
to a different stock of evolution, the former having evolved directly from Profusuli-
nella through Aljutovelle and appeared at approximately the same time as
Fusulinelle. FusimMoTo and Ico (1958) came to nearly the same conclusion.
IsHII's conclusion seems to be reasonable, but the association of primitive species
of Fusulinella and species of Beedeina has not been found in the Akiyoshian rocks
of other areas, whereas it is not uncommon to see the association of advanced
species of Fusulinella and species of Beedeina and/or Fusuline in the upper part
of the zone of Fusulinella or in the lower part of the zone of Fusulina in Japan.

With regards to the intercontinental correlation of the Akiyoshian, the lower
and the upper subzone are respectively correlated with the Kashir and the Podol
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bed of the Russian platform and with the upper Atokan and the lower Desmoin-
esian in the Mid-Continent of North America (IsHII, 1961; KoONIsHI, 1963).
This means that the Akiyoshian is equivalent to the zone of Fusulinella plus the
lower part of the zone of Fusulina (zone of Beedeina of ISHII) in the Mid-
Continent standard. Thus, as mentioned already, the usage of a zone based on
the generic rank is not advisable for the exact correlation in order to avoid
confusion.

4., The zone of Fusulina

The Kurikian “Series” was established by KANMERA (1951) for the lowest
fusulinacean zone of the Yayamadake limestone of South Kyushu. The type
section of the “Series” (about 100 m) consists of white to white-grey massive
limestone, most of which is biogenic calcarenites with some 6olites and inter-
calations of basic tuff at various horizons. It is divided into three subzones in
descending order:

upper Fusulina ohtanti—Fusulinella gracilis subzone
middle Beedeina higoensis—Wedekindellina prolifica subzone
lower Staffella pseudosphaeroidea—Fusulinella sp. subzone

The lower Staffelle pseudosphaeroidea — Fusulinella sp. subzone is uncertain
in stratigraphic position because none of the constituent species of this subzone
gives us a clue for precise correlation; namely, as already pointed out by ISHII
(1961), Staffella pseudosphaeroidea has a rather long stratigraphic range, ranging
from the Bashkirian to the Mjatschkov in the Russian platform, and Fusulinella
sp., although KANMERA (1954) stated that it closely resembles F. pseudobock:
(LEE et CHEN), and has been left undetermined. It may be correlatable, however,
at least with a part of Fusulinella biconica subzone of Akiyoshian.

The middle Fusulina (Beedeina) higoensis — Wedekindellina prolifica sub-
zone consists only of the subzone species. Fusulina (Beedeina) higoensis is an
advanced species of the subgenus Beedeina, whereas Wedekindellina prolifica is
rather primitive for the genus Wedekindellina, being intermediate in morpho-
logical characters between Fusulinella and Wedekindellina (KANMERA, 1954).
The latter species was considered to be referable to the genus Pseudofusulinella
rather than Wedekindellina by IsHII (1961) who also gave a detailed account of
comparison of the faunule of this subzone. In considering the general paleonto-
logical features of the two subzone species and stratigraphical occurrences of
their allied forms, the Fusulina (Beedeina) higoensis — Wedekindellina prolifica
subzone is correlated with the lower part of the Mjatschkov bed of the Russian
platform or with the upper part of the Desmoinesian of Mid-Continent.

The upper Fusulina ohtanii—Fusulinella gracilis subzone comprises Fusulina
ohtanii KANMERA and Fusulinella gracilis KANMERA in the main part, and Fusulina
kurikiensis KANMERA (recorded first as Quasifusuling kurikiensis in KANMERA’S
paper of 1952) in the uppermost part. Paleontological resemblance of Fusulinella
gractlis to the group of F. mosquensis including F. provecta SHENG of Penchi
Series in the Taitzeho area and the highly evolved features of Fusulina ohtanii
and F. kurikiensis led ISHII (1961) to the conclusion that the Fusulina ohtanii—
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Fusulinella gracilis subzone is correlative with the upper part of the Mjatschkov
bed or with the uppermost of the Desmoinesian.

Thus the Kurikian Stage of Japan as a whole is correlated with Mjatsch-
kovian (upper Moscovian) of Russia and the upper Desmoinesian of Mid-
Continent in North America, and the Fusulina ohtanii — Fusulina (Beedeina)
higoensis zone is applicable to the stage. Such a usage as Fusulina—Fusulinella
zone or Fusulinello-Beedeina zone is not advisable, because the stratigraphical
range of either of these two genera are overlapping each other in the Akiyoshian
or in the Kurikian.

The Kurikian Stage is not so wide in geographical distribution, being known
only in the Kwanto massif, Hida massif and Tamba zone, and the Outer zone of
Southwest Japan including the type area of the stage.

5. The zone of Triticites

It had long been believed that the zone of Triticites or the so-called “Uralian”
is missing over extensive areas of East Asia including Japan until KANMERA,
KAawaApA and FuJiMo0TO, and KANUMA independently reported the existence of
the zone of Triticites in the Yayamadake limestone, the Omi limestone, and the
Oppara Formation, respectively in 1951.

The Hikawan “Series” was proposed by KANMERA (1952) for the zone of
Triticites of Japanese Carboniferous, with the type area in Yayamadake in
South Kyushu. It occupies the middle part of the Yayamadake limestone and
congsists of white to grey massive limestone, locally very pisolitic and in places
dolomitic and siliceous, with intercalations of basic lava and pyroclastics.

The Hikawan Stage comprises two divisions in the type area, the lower or
Triticites matsumotoi subzone and the upper or the T. yayamadakensis subzone.
The two subzones are characterized by the subzone species, while Quasifusuling
longissima (MOLLER) occurs throughout two subzones and indeterminable species
of Schubertella and Staffella are found in parts of the upper subzone.

Besides the type area, the Hikawan is now known in Nakatsugawa and other
areas in the Kwanto massif, the Omi limestone, the Ichinotani Formation and
the Oppara Formation in the Hida massif, and the Shogase and Miyanokuchi
Formations in Shikoku. The Triticites fauna dominating in these Hikawan forma-
tions comprises Triticites matsumotoi KANMERA, T. yayamadakensis KANMERA,
T. cfr. rhombiformis ROSOVSKAYA, T. exsculptus 160, T. hidensis 1Go, T. saurini
Ico, T. sakagamii 1Go, T. nakatsugawensis MORIKAWA, T. uemurai MORIKAWA,
T. opparensis KANUMA, T. irasensis KANUMA, T. kiyomiensis KANUMA, T. pyg-
maeus DUNBAR and CONDRA, without any association of the species of Pseudo-
schwagerina and its related forms. However, it cannot be overlooked that,
as already pointed out by TORIYAMA (1954, 1957, 1958), FuJiMmoTO and IGo (1958)
and others, the basal part of the Sakamotozawan is dominated only by the
Triticites fauna without association of Pseudoschwagerina and its allied forms
which are characteristic of the Lower Permian. The Triticites fauna in this part
of the Sakamotozawan consists of Triticites kagaharensis FuJimoro, T. kawano-
boriensts FuJiMoToO, T. satoi FuJimMoro, T. subobsoleta OZAWA, T. ozawai TORI-
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YAMA, T. simplex (SCHELLWIEN), 7. rosstcus (SCHELLWIEN), 7. contractus
(SCHELLWIEN), T. irregularis (STAFF), T. montiparus [EHRENBERG (MOLLER) ],
T. petschoricus RAUSER-CHERNOUSSOVA, BELJAEV and REITLINGER, T. noinskyi
RAUSRE-CHERNOUSSOVA, T. patulus DUNBAR and NEWELL. Among these species,
however, T. simplex, T. montiparus, T. kagaharensis, etc. were also recorded in
the C3 Formation (the zone of Triticites) of the Omi limestone and will be
discussed in Chapter VI. It is probable that the KawApA’s C3 Formation is not
the Hikawan, but is of the Sakamotozawan age. If it is so, FuJiMmoro and IGo’s
(1958) consideration on the distinction between the Carboniferous type and the
Permian type of Triticites seems to be more reasonable; namely that the two
types are distinct from each other in general paleontological features.

It is noted, at the same time, that if the above is the case, the Triticites
fauna of the Hikawan age of Japan is considerably less advanced than that of the
Virgilian in North America. Thus questions have been raised that, Triticites
has not evolved in Japan as high as it did in the Virgilan of North America or
in the uppermost Carboniferous of Russia, and that if the Triticites fauna of the
Permian type mentioned above is really of the Perman, regardless of the associ-
ation with species of Pseudoschwagerina which is the most reliable index fossil of
the Lower Permian. Concerned with this problem, KANUMA (1960) expressed an
opinion that the primitive group of Pseudoschwagerina appeared earlier in the
Upper Carboniferous in East Asia than in North America or Russia and there-
fore the Triticites-Pseudoschwagerina assemblage of East Asia is not of Permian,
but of the Upper Carboniferous. The problem concerns the Carboniferous—
Permian boundary in the Upper Paleozoic of Japan, but our present knowledge is
not enough to settle these questions, and further detailed study is necessary before
reaching any final conclusions.

6. The zone of Pseudoschwagerina

The Sakamotozawan has its type section along the Sakamotozawa valley of
Hikoroichi-machi, Ofunato city, Iwate Prefecture. The type Sakamotozawan was
studied by ONUKI (1938, 1939) first at length, and then MiNATO (1941, 1944),
MINATO et al. (1954, 1959, 1965), ONUKI (1956), and others have made many
contributions to the stratigraphy of an extensive area over the whole Kitakami
massif. However, their final results did not necessarily harmonize because of
different interpretations of the facts. This was partly due to the fact that the
correlation of the Sakamotozawa “Series” was discussed by the fusulinacean zone
which was not based on the species level, but on the genus one, such as “the Pseudo-
schwagerina zone” or “the Parafusulina zone”.

A better section is exposed in the Nagaiwa area (about 2 km north of the
type section of Sakamotozawa) and was recently studied along with the type
section at length by MikKaMI (1965), and KANMERA and MIKAMI (1965) not
only from the paleontological but also from the sedimentological point of view.
Their division of the type Sakamotozawa Formation is as follows in descending
order:
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(5) Pseudofusulina ambigua zone
Sd member{ o P . .
Upper Subformation{ 4 P fusiformis zone
Sc member (3) P. vulgaris zone

e Unconformity.

(2) Monodiexodina langsonensis zone

Sb member{ (1) Zellia nunosei zone

Lower Subformation {
Sa member

unconformity - nn

Nagaiwa Formation

Since the faunal contents and characteristics of each zone and their correla-
tion with other Lower Permian formations of Japan and other countries have
been well explained by the joint authors no further discussion seems to be
necessary. However, it should be noted that in the type Sakamotozawa Formation
its basal part (Sa member) probably does not range down as low as the basal
part of the Triticites simplex subzone of Akiyoshi or the Quasifusulina longissima
ultima or the Rugosofusulina arctica subzone of the Atetsu limestone. Therefore,
a reference section for the basal part of the Permian must be selected elsewhere.
Thus, the lower limit of the Sakamotozawan Stage of Japan is, as TORIYAMA
(1963) already defined, placed beneath the Pseudoschwagerina morikawai zone
of the Yayamadake limestone of South Kyushu and its equivalent zone or subzone;
namely, Triticites simplex subzone of Akiyoshi and Quasifusulina longissima
ultima or Rugosofusulina arctica subzone of Atetsu, etc.; and the upper limit is
settled on the top of the Pseudofusulina ambigua zone.

The Sakamotozawan Stage thus defined is a little different in its upper limit
from that defined in the previous paper of TORIYAMA (1963) in which the Saka-
motozawan Stage was correlated with the Wolfcampian of North America or the
Sakmarian of Russia, because the Sakamotozawan in this sense had been rather
familiar to the foreign workers (KAHLER, 1961; DUNBAR et al., 1960). However,
it has been now clarified that the Sakamotozawan ranges up to at least the
Pseudofusulina ambigua zone, and there is a considerable and remarkable faunal
change between the P. ambigua and the overlying Parafusulina kaerimizensis
zone of the Nabeyaman age throughout the country. Moreover the definition of
the Sakamarian has not yet been determined in Russia because of disagreement
among workers.

The Sakamotozawan Stage is as a whole correlated, as discussed by most
workers, with the Sakamarian (s.l.) in the sense of the Soviet-Delegation (GORSKY
and STEPANOV, 1958) or the Asselian plus Sakamarian (s.s.) in the sense of
RAUSER-CHERNOUSSOVA and her school, etc. With the Mid-Continent province of
North America the exact correlation is not easy because of the deficiency in
common species to both provinces, but, as KANMERA and MIKAMI discussed, the
Sakamotozawan Stage can be correlated with the whole Wolfcampian Stage and
the lower half of the Leonard Stage.

In this paper, the following zonation of the Sakamotozawan Stage is applied
in descending order:
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Pseudofusulina ambigua zone
Pseudofusulina vulgaris zone
Pseudoschwagerina morikawai zone

The above zonal division ig at least applicable to the Sakamotozawan forma-
tions in Southwest Japan, though some local variation in species assemblage and
in leading species has been known in the respective zone.

The lower, Pseudoschwagerina morikawat zone, whose basal part is perhaps
missing in the type Sakamotozawa Formation, is well represented by the lowest
fusulinacean zone of the Yayamadake, Akiyoshi and Atetsu limestones, and is
correlated with the Asselian (RUZENCEV, 1954) of Southern Urals (KANMERA
and MIKAMI, op. cit.).

The second or the middle, Pseudofusulina vulgaris zone is a well defined
fusulinacean zone in the Lower Permian not only of Japan but also of the
Tethyian region including China, Indochina and Carnic Alps. It consists of
typical species of Pseudofusulina including the zone species or its subspecies with
association of Pseudoschwagerina (advanced member like P. (Robustoschagerina)
schellwieni and its allies), Paraschwagerina, Nagatoella, along with some rare
survival species of Triticites.

The correlation of the Pseudofusulina vulgaris zone faces a problem. This
zone has been referred to by most stratigraphers of Japan as the upper half of
the “Sakmarian” (in the sense of the Wolfcampian equivalent) (TORIYAMA,
1954, 1957, 1963; Ico, 1959; SADA, 1963, etc.). However, the Pseudofusulina
vulgaris zone in the type area of Kitakami massif was correlated by KANMERA
and MIKAMI (op. cit.) with the upper half of the McCloud limestone of California
and with the lower part of the Leonard Formation of Texas. They are also of
the opinion that the upper half of the Sakamotozawa Formation is equivalent
to the Sakmarian in the sense of RAUSER-CHERNOUSSOVA (1958, 1962), though
MikaMI (1965, p.489) regarded his Sc member, Pseudofusulina vulgaris zone
(the lower part of the upper subformation of Sakamotozawa Formation), as the
equivalent of the upper part of the Wolfcampian or the Chuanshan Series.

There is still a problem concerning the Carboniferous-Permian boundary in
Japan at present. If one follows RAUSER-CHERNOUSSOVA and most of the Chinese
paleontologists including CHEN, SHENG and others, the boundary is placed at
the base of the Pseudofusulina vulgaris zone. Presently this will not be accepted
by most Japanese paleontologists.

The upper, the Pseudofusulina ambigua zone, is found widely in the Permian
of Japan though the zone species is replaced by P. kraffti magna, as seen in the
Atetsu limestone. The zone is flourished by species of Pseudofusulina—ambigua,
kraffti kraffti, kraffti magna, globosa exilis, fusuformis, japonica, uralica spha-
erica, etec. Pseudofusulina vulgaris and its subspecies and species of Triticites
still exist in this zone (mostly in the lower part). Species of Nagatoella and
Schwagerina often appear throughout or at least in some limited part of the zone.

It is noted that the stratigraphic unit equivalent to that ranging from the
Pseudofusulina vulgaris zone to the P. ambigua zone is characterized by the
Missellina fauna as well documented by KANMERA (1963). Taking Misellina as
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a guide fossil, he divided the “Misellina zone” into the M. ibukiensis zone below
and the M. claudiae zone above. The former is correlative with the Pseudo-
fusuling vulgaris zone plus the lower part of the P. ambigua zone. The lowest
part of the Kozaki Formation of South Kyushu is one of the best displays of the
former. The Misellina claudiae zone and its equivalent is traceable in the upper-
most part of the Lower Permian of Tethys.

The difference in the assemblage of species between the Pseudofusuling
ambigua and the Misellina claudice zone is quite clear. However, enough in-
formation has not been available to work out the question of whether the differ-
ence is due to paleogeographic conditions or not.

7. The zone of Parafusulina

The type reference section for this stage is the Yamasuge member of the
Nabeyama Formation developed in the Kuzuu area of Tochigi city in the central
northern part of Kwanto province.

Among the Permian fusulinacean zones of Japan the zone of Parafusulina
is most uncertain, being often difficult to define the zone paleontologically. The
reason for this uncertainty is that in Japan (1) the stratigraphical range of
Neoschwagering and that of Parafusulina considerably overlap each other; (2) the
lower part of the so-called “Parafusulina zone” is dominated by various species of
Pseudofusulina rather than the typical species of Parafusulina; (38) disagreement
in generic assignment is often found—for example, as KANMERA and MIKAMI
(1965) have cited, “Fusulina japonica GUMBEL” is referred to Pseudofusulina by
some, to Parafusulina by others, and even to Schwagerina by another; (4) more-
over, if one puts stress on the first appearance of Neoschwagerina, most, if not all
of the “Parafusuling zone” is included in the “Neoschwagerina zone”.

In the type area of the Nabeyaman Stage, the Yamasuge limestone member
(the lower part of the Nabeyaman Formation of the Aso Group) is dominated by
the Parafusulina yabei (s.l.) faunule which comprises P. yabei yabei, P. yabei
nabeyamensts, P. yabei tomuroensis, P. yabei hanzawae, P. kaerimizensis, and
P. nakamigawai. In addition to the above Parafusulina faunule, FUJIMOTO
(1961) listed the following species in the Yamasuge limestone member: Schubert-
elle kingi DUNBAR and SKINNER, Minojapanella elongata FUJIMOTO and KANUMA,
Schwagerina krotowt (SCHELLWIEN), S. guembeli DUNBAR and SKINNER, Pseudo-
fusulina granum-avenae (ROEMER), P. ambigua (DEPRAT), and Pseudodolioling
ozawat YABE and HANZAWA. No species of Neoschwagerina appear in the
Yamasuge limestone member.

The Parafusuline kaerimizensis zone of the Akiyoshi and Atetsu limestones
is also a good example of the Nabeyaman in which P. kaerimizensis and its allies
are remarkably predominant, but representatives of neoschwagerinid sometimes
are associated with in the upper part. [According to NAGAMI (1961) no species
of Neoschwagerina occur in his ,P,_, (P. kaerimizensis zone) ].

It should be stated here that a different biofacies is found in the Nabe-
vaman Stage, which is typically represented by the Neoschwagerina simplex
zone of the Kozaki Formation of South Kyushu. The said zone comprises
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Neoschwagerina simplex, Cancellina tenuitesta, Verbeekina sphaera, Yangchienia
compressa, Parafusulinag kaerimizensis, and P. cfr. sapperi, and its contem-
poraneity with the Parafusulina kaerimizensis zone of the Akiyoshi and Atetsu
limestones has been verified by concrete paleontological evidence (KANMERA,
1961, 1963).

The fusulinacean fauna closely related to the Neoschwagering simplex fauna
is traceable in the Tethys Seaway. The Cancelling subzone of the Maokou lime-
stone in Kueichou, Kwangsi and Szechuan is characterized by the association of
Cancellina primigena (HAYDEN), C. neoschwagerinoides (DEPRAT), Pseudodolio-
lina ozawai YABE and HANZAWA, Yangchienia compressa (OZAWA), and various
species of Parafusuline including P. yabei HANZAWA, P. akasakensis (DEPRAT),
P. splendens DUNBAR and SKINNER, P. sapperi (STAFF), P. gruperaensis (THOMP-
SON and MILLER), etc., along with several species of Pseudofusulina (SHENG,
1963). There is no doubt about the contemporaneity of the Neoschwagerina
simplex fauna with Cancellina primigena fauna, the latter of which is also known
in Pamir and Afghanistan.

Thus, it seems most proper to distinguish two biofacies in the Nabeyaman
Stage of Japan, the Parafusulina kaerimizensis and the Neoschwagerina simplez,
each of them characterizes the respective fusulinacean zone in the stage.

A short remark is given here to the Nabeyaman Stage in the type area of
the Kitakami massif. The upper part of the Sakamotozawa Formation and the
lower part of the Kanokura Formation were referred to the “Parafusulina zone”
by most workers, but recently only the lower part of the Kanokura Formation has
been assigned to the “Parafusulina zone”, which is characterized by the Mono-
diexodina matsubaishi and Lyttonia fauna.

8. The zone of Neoschwagerina

The Akasakan Stage has its type reference section along the southeastern
slope of the Kinshozan hill of Akasaka-cho, northwest of Ogaki city, Gifu Prefec-
ture. The Akasaka limestone, which consists exclusively of massive white to
dark-grey limestones, was studied by the Akasaka Research Group (MORIKAWA
et al., 1956) and MINATO and HONJO (1956), resulting in that they did not arrive
at the same or nearly the same conclusion, but came to a considerable discre-
pancies in biostratigraphical zonation, specific assemblage and range, etc. Thus
in this paper, OZAwA’s general scheme of biostratigraphic division will still be
accepted though it was completed forty years ago.

Of the five zones defined by OzAwWA, namely, Np, Nn, Ne¢, Nm, and Ng in
ascending order, the lower two and the uppermost one are not included in the
present definition of the Akasakan Stage. The lowest Np (Benijima limestone)
is referred to the Sakamotozawan, and the second lowest Nn to the Nabeyaman
Stage, while the uppermost Ng is assigned to the Kuman Stage. Thus the type
Akasakan is divisible into two zones, Neoschwagerina craticulifera zone below
and N. margaritae zone above. '

The Neoschwagerina croticulifera zone shows a congiderable wide geog-
raphical distribution among the Permian fusulinacean zones of Japan, though
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it is not present in the standard area of the Kitakami massif. The zone species
is a rather primitive representative of the genus and the associated species are
Neoschwagerina craticulifera haydeni DOUTKEVITCH (in Akiyoshi), N. colaniae
0zAWA (in Akasaka and Ibukiyama), N. rotunde DEPRAT (in Kozaki Formation),
Afghanella schencki THOMPSON, Pseudodoliolina pseudolepida (DEPRAT), P. oza-
wai YABE and HANZAWA, Verbeekina verbeeki (GEINITZ), and several species of
Parafusuline and Pseudofusulina (Parafusuling kaerimizensis (OZAWA), P. edo-
ensis (0zZAWA), Pseudofusulina japonice (GUMBEL) etc.) often appear in the zone.

The upper, Neoschwagerina margaritae zone, is also well recognizable in the
Middle Permian of Japan, though the zone species is sometimes replaced by
N. douvillet OzawA. Besides these species, Verbeckina wverbeeki (GEINITZ),
Pseudodoliolina pseudolepida (DEPRAT) often appear along with some species
which flourished in the lower Neoschwagerina craticulifera zone such as N. crati-
culifera (SCHWAGER) (s.s.), N. craticulifera haydeni DOUTKEVITCH, N. colaniae
0zAWA, Pesudodoliolina ozawai YABE and HANZAWA, Misellina lepida lepida
(SCHWAGER), and some species of Parafusulinag and Pseudofusulina still exist
in this zone.

Like the Parafusulina kaerimizensis zone of the Nabeyaman Stage, neither
the Neoschwagerina craticulifera nor the N. margaritece zone has been found
in the Kitakami massif, but, as already stated by many previous workers, the
lower part of the Iwaizaki stage, which yields Pseudofusulina paramotohashii
MORIKAWA, P. oyensis MORIKAWA, P. kikuchit MORIKAWA, and Verbeekina sp.
together with species of Parawentzelella, Yatsengia, Iranophyllum, and Waageno-
phyllum, is correlated with the “Neoschwagerina zone”.

The “Neoschwagerna zone” is also well traceable along the Tethys Seaway
—South China, Indonchina, Thailand, Pamir, Afghanistan, Iran, ete., though in
some of them there is not enough available information to define the detailed
biostratigraphic zonation and to determine the relationship between the strati-
graphic division and their faunal contents. However, as pointed out by THOMPSON
(1946) and others, the coexistence of the Neoschwagerina craticulifera fauna and
species of Polydiexodina is noteworthy.

9. The zone of Yabeina-Lepidolina

The Kuman Stage, the uppermost division of the Permian of Japan, has its
type locality in the upper valley of Hikawa, Yatsushiro-gun, Kumamoto Prefec-
ture. The Kuma Formation, 900 m in thickness, consists of conglomerate, sand-
stone and black shale, with black impure limestone at several horizons. Chert is
not present in the formation. The type Kuman, as discussed by KANMERA (1953,
1954) at length, has a very characteristic fossil assemblage called the Lepidolina
toriyamai fauna, which comprises L. toriyamai KANMERA, Yabeina yasubaensis
TORIYAMA, Y. columbiana (DAWSON), Y. gubleri KANMERA, Verbeekina (?) sp.,
Pseudodoliolina pseudolepida gravitesta KANMERA, Parafusuline (?) sp., Schwa-
gerina pseudocrassa. KANMERA, S. aff. acris THOMPSON, Dunbarule (?) sp.,
Codonofusiella cuniculata KANMERA, and Rauserella sp.

Lepidolina is considered to be most evolved among neoschwagerinids, and
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the Lepidolina toriyamai fauna mentioned above is devoid of any representative
of Neoschwagerina. Thus KANMERA (op. cit.) insisted that the L. toriyamai
zone of the Kuma Formation is the stratigraphically highest zone among the
known fusulinacean zones of Japan. The Yabeina shiraiwensis zone of the
Akiyoshi limestone, which comprises Y. shiraiwensis OzAWA, Y. yasubaensis
TORIYAMA, Y. pinguis TORIYAMA, Sumatrina longissima DEPRAT, and Schwagerina
sp., was correlated with the lower part of the Kuma Formation (TORIYAMA, 1954,
1957, 1958).

In contrast with the above conclusions, HANZAWA and MURATA (1963)
expressed quite a different opinion about the stratigraphical position of the zone
of Yabeina globosa and the phylogeny and the systematics of the Neoschwageri-
ninae and Sumatrininae. They discarded Yabeina shiraiwensis OZAWA, Y. yasuba-
ensis TORIYAMA, Y. pinguis TORIYAMA, Y. hayasakai OZAWA, and Neoschwagerina
megasphaerica, OZAWA as synonymies of Yabeina multiseptata DEPRAT. Besides
the above, they also discarded many other species as also being synonymous. They
regarded the Yabeina globosa zone as the highest fusulinacean zone in Japan.

A marked discrepancy in the stratigraphical position between the Lepidolina
toriyamai zone and the Yabeina globosa zone came from the facts that (1) the
stratigraphical relationship between the Kuma Formation and the under- or
over-lying formation is not known because they are in tectonic contact in the type
area, and (2) the two zones do not occur together, having a different geographical
distribution.

Having reviewed and criticized the results of HANZAWA and MURATA together
with those of others, YABE (1964) stated that there is no positive evidence in
favor of the view that the Lepidolina toriyamai zone* is higher than the Yabeina
globosa zone in stratigraphical position or vice versa; and in his latest two papers
(1966) he came to a conclusion that the Yabeina shiratwensis zone is lower than
the Lepidolina toriyamai zone, and the two combined are equivalent to the Yabeina
globosa zone,

Since the conclusion given by HANZAWA and MURATA bears a partly logical
contradiction derived from their overlooking the existing facts and from their
misunderstanding in biostratigraphical consideration, regarding a rather general
feature as only local one. In the light of present knowledge some of their con-
clusions, especially on the biostratigraphical studies and on the phylogeny of
Neoschwagerininae are hardly acceptable. Thus, the conclusion given by YABE
(op. cit.) seems to be sound and acceptable at least so far as the available evidence
is concerned. It should be noted that Yabeina shiraiwensis OZAWA ranges up
into a part of the Lepidolina toriyamai zone. It may be assumed that the top of
the Lepidolina toriyamai zone is higher than that of the Yabeina globose zone,
though no positive evidence has been found to verify this conjecture. YABE
recognized Lepidolina as a subgenus under the genus Yabeina and proposed the
Kinshozan Series for the Yabeina zone of Japan, including Y. globosa zone and
its equivalent, the Yabeina shiraiwensis plus the Lepidolina toriyamai zone.

* YABE has left the zone without giving zone species in his first paper (1964).



The Fusulinacean Zones of Japan 51

Kinshozan is the type locality of the Akasakan Stage.

Having dealt with “Lepidolina” shiraiwensis (OzZAWA) at length from the
statistical point of view, HASEGAWA (1965, 1966) has come to a similar view;
namely, the uppermost fusulinacean zone of Japan is represented by two bioseries,
one is the Yabeina globosa — “Gublerina”’ elongata | =Lepidolina elongata], and
the other is the Lepidoling kumaensis — L. shiraiwensis. According to him, two
bioseries originated from the common ancester Misellina claudiae and developed
along different stock of evolution, and, therefore, the genus Lepidolina is clearly
distinguishable from the genus Yabeina, whatever the genus name may be.

In this paper the Kuman Stage is used for the zone of Yabeina-Lepidolina
in Japan, because the Kuman was already given to the time-stratigraphic unit
equivalent to the Yabeina shiraiwensis and the Lepidolina toriyamai zone.

There are rather considerable difference in the faunal constituents and rock
facies between the Yabeina shiraiwensis — Lepidolina toriyamai suite and the
Yabeina globosa zone. Thus the Kuman biofacies is proposed for the former
fauna and the Kinshozan biofacies for the latter.

Since the Lepidolina toriyamai and the Yabeina shiraiwensis zone are widely
distributed throughout the Permian of Japan, the Kuman Stage is as a whole
designated the Y. shiraiwensis — L. toriyamai zone.

Chapter II. The Zone of Millerella

I. Kitakami and Abukuma massifs

A. Southern part of the Kitakami massif

YABE (1939) is the first who confirmed the existence of the zone of Millerella
in the southern Kitakami massif, and described Millerella sp. from Sakamotozawa
[Ka 25] and two other localities in Hikoroichi. This species occurs in the Dibuno-
phyllum limestone with Diphyphyllum flexisus and Hezxophyllia kitakamiensis
which are characteristic Onimaruan corals and referred to the upper Visean in
the European equivalent. According to KANMERA (1952), M. sp. of Kitakami
massif is conspecific with M. japonica KANMERA described from the Kakisako
Formation of South Kyushu, and there is no doubt of dating of the upper Visean
to the Onimaru and Kakisako Formations.

OKIMURA (1965) recently reported the occurrence of Endothyranopsis hirosei
OKIMURA and other species of smaller foraminifers from the upper part of the
Onimaru Formation in the type area. From a faunal comparison with the
European forms he concluded that the occurrence of Endothyranopsis is conforma-
tive of the upper Visean age for the Onimaru Formation.

Species of Millerella, were also found by YAMADA (1955; in ONUKI, 1956;
1958) in the lower part of the Nagaiwa Formation in the type area [Ka 24]
which conformably overlies the Onimaru Formation. Since no other species have
been associated with Millerella sp. he has referred this part of the Nagaiwa
Formation to the zone of Millerella.
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B. Northern part of the Kitakami massif

The northern type of Paleozoic rocks of Kitakami massif is generally distin-
guished from the southern type in lithologic difference (MINATO, 1950; ONUKI,
1956). This type of Paleozoic rocks is represented by thick bedded sandstone,
shale, chert, limestone, and schalstein, and is almost barren of fossils except for
Permian fusulinaceans in a few localities. Recently YosHIDA and KATOo (1962)
reported Millerella sp. and Endothyra sp., together with Pseudodolodotia kakimii
MiNATO and other Onimaruan type of corals from the limestones of the Kogawa
Formation [Ka 12] in the Kamaishi area. Because the lithology, thickness, and
faunal contents of the Kogawa Formation are similar to those of the southern
type Onimaruan of Kitakami massif, TAKEDA and YOSHIDA (1962) are of an
opinion that the differentiation of facies between the northern and southern types
did not take place in the Onimaruan time, but began later in the Permian. The
Onimaruan corals are also known from the Shiba Formation [Ka20] of the
Hitokabe area (HIROKAWA and YOSHIDA, 1954), the Takezawa Formation of the
Nagasaka area [Ka 34] (TACHIBANA, 1952) along with other areas, but no
representatives of Millerella and its allied forms have been reported.

C. Abukuma massif

In the Abukuma massif species of Millerella and Ozawainelle have been
found along with the typical Onimaruan corals in the middle part of the Tateishi
Formation [Ka 51] of the Soma district (SATO in MINATO, 1955). The Ayukawa
Formation [Ka 58] of the Hitachi area is also regarded as the Onimaruan repre-
sentative although no fusulinaceans have been found.

II. Kwanto massif

Although detailed information has not been available, the Kawamo Formation
[Kw 11] of the Ashio massif is referred by HiDA and FuJimoTo to the Onimaruan
age. The Shiroi limestone [Kw 18] of the northern part of the Kwanto massif,
in which Arachnolasma cfr. sinense (YABE et HAYASAKA) was described by
MINATO (1947), is also referred to the same age, but no fusulinaceans have been
found there.

III. Hida massif and Tamba zone

1. Omi limestone

The lowest division of Omi limestone [Ht 1] was referred by HAYASAKA
(1922, 1924) to the Gigantoproductus zone which is very prolific in brachiopod
and coral faunas including G. edelburgensis (PHILLIPS) and other species.
HAYASAKA stated that the Gigantoproductus zone is the uppermost part of the
Lower Carboniferous or the transitional zone between the Lower and Upper
Carboniferous. KAWADA (1954) who studied the limestone in some detail con-
sidered that, based on the coral contents, his lowest division (C1) is equivalent
to the Onimaruan (upper Viséan) though he did not find any fusulinacean.
MINATO (1955) also referred the G. edelburgensis zone to the Onimaruan.
According to FUJITA (1958) the lowest division, his C; zone yields Millerella sp.
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throughout the zone without any association of other fusulinaceans. Thus, he
named the C, zone the Millerella-coral-branchiopod zone and correlated it with the
Ardian of North American or the Namurian of Europe. The “schalstein bed”
which was regarded by KAWADA as the base of the Omi limestone is considered
by FuJitAa (1958) to be the intrusive dyke formed coevally with the thrusting.

Ico and KoOIKE (1964) recently described Carboniferous conodonts from the
C, zone, and based on the ammonite fauna which occurs together with conodonts,
they proved that the conodont fauna of the Omi limestone indicates the Upper
Namurian Reticuloceras zone of western Europe or Lower Pennsylvanian of
North America. Their conodont fauna contains 16 species of 11 genera, including
Hindeodella astatica 160 and KO1KE along with other newly described species.

The Kotakigawa Formation [Ht 3] which is a representative of non-calcare-
ous facies in this area, is developed to the east of Myojo limestone [Ht 2] and is
dated as Lower Carboniferous. KONISHI (1956) described Anatolipora carbonica
and other species of calcareous algae with Eostaffella rotaralia (MS) and E. sp.
Unfortunately much still remains unsolved about the stratigraphy and pale-
ontology of this formation.

2. Hongo and Arakigawa area

The Arakigawa Formation [Ht22] and the Hongo Formation* [Ht 18],
which are developed to the northeast of Takayama city, are referred by IsoMI and
Nozawa (1957) to the Upper Viséan in age, although no fusulinaceans have been
reported. The finding of Goniatites sp. (IGo, 1964) in the upper part of the
Hongo Formation furnishes positive evidence for dating this formation.

3. Fukuji area

The Paleozoic rockes are widely distributed in the Hida massif of North
Central Japan and furnish us with a variety of important stratigraphical and
paleontological information. Especially noteworthy is 160’s works on the Fukuji
area which are most comprehensive in biostratigraphy and paleontology of the
northeastern part of the Hida massif.

Ico divided the Carboniferous and Permian rocks of the Fukuji area into
the upper Sorayama [Ht 25] and the lower Ichinotani Group [Ht 277, of which
the latter comprises six fusulinacean zones ranging from the zone of Millerella
to that of Pseudoschwagerina. The lowest zone of Millerella is about 45 m in
thickness and divided into two subzones; namely, the lower Eostaffelle kanmerai
subzone which contains E. kanmeri 1co, Millerella discoidea 160, M. bigemmicula
1co, and M. sp., while the upper Millerella bigemmicule — Pseudostaffella kanumai
subzone containg M. bigemmicula 1Go, M. cfr. marblensis THOMPSON, M. sp.,
FEostaffella sp., Nankinelle cfr. plummeri THOMPSON, N. sp., Staffella sp., Pseudo-
staffelle kanumai 160, and P. kanumai pauciseptata 1Go. Since many species of
corals and brachiopods of the Onimaruan type are found together, the lower sub-

* Because of the similarity of lithology, FusimoTo, KANUMA and Ico (1962) revised the
definition of the Arakigawa Formation, uniting the Arakigawa Formation of IsomI and
NozawA and the Hongo Formation of KAMEI.
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zone is correlated without doubt with the Onimaru Stage of the Kitakami massif.

KaTo (1959) recently expressed a somewhat different opinion concerning
the correlation of the whole zone of Millerella of Ichinotani [Ht 27] with the
Onimaruan. According to MINATO and Kato (1957), Ic0’s lower subzone is
further divided into two coral subzones, the lower Siphonodendron hidense KATO
and the upper Neokoninckophyllum nipponense KATO. KATO is of the opinion
that the former is clearly correlative with the Onimaruan but the latter is, from
its faunal aspect, a little younger, being equivalent to the Namurian Stage of the
European division. The discussion concerns the fundamental problems of the
international correlation of the Carboniferous divisions, and more study in the
future will need to be completed before any final conclusion is agreeable.

I6o also correlated the lower subzone (F. kanmerai subzone) with the Ches-
terian of North America, because species of Millerella from the subzone show
a congiderable faunal affinity with those of Chesterian, though there is no common
species between them.

The upper Millerella bigemmicula—Pseudostaffelle kanumai subzone is cor-
related by Ico with the Ardian of North America. The faunal assemblage of
this subzone presents a considerable similarity to that of a part of the Green
Canyon Group of Llano Uplift in Texas and New Mexico and of the Keany
Formation of Kansas, where species of Millerella are associated with those of
Nankinello, and Pseudostaffella but species of any higher forms are absent.

It should be noted that the zone of Millerella is conformably overlain by the
zone of Profusulinelle in the Fukuji area.

IV. Chugoku massif

1. Atetsu plateau

OKIMURA (1958) reported the probable existence of the zone of Millerella
in the Atetsu limestone, Okayama Prefecture. The Carboniferous of the Atetsu
limestone is named the Mitsudo Group [Swi 83] and divided into two formations,
the upper Kodani [Swi 38] and the lower Nagoé [Swi 32]. The former comprises
massive limestone in the upper part and alternations of limestone and chert in
the lower part. The latter (Nagoé Formation, 135 m) consists of alternations
of agglomeratic tuff and limestone-chert in the upper, alternations of schalstein
and limestone in the middle, and schalstein in the lower part. OKIMURA first
(1958) made the zonation of the Mitsudo Group based on the endothyroids, but
in his latest study (1966) he divided the group into the following zones based on
the primitive fusulinaceans and smaller foraminifers (in descending order) :

7. Fusulinella imamurai zone

6. Profusulinella toriyamai zone (=The upper half of the
Kodani Formation “Atetsuella’ meandera zone)
ant & 5. Pseudostaffella antiqua zone
4. Eostaffella sp. A zone (=The uppermost part of “Endo-

thyra spiroides’” zone+“E. symmetrica’ zone)

nrrrmm e disconformity - e
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3. Mediocris sp. A zone (=“Endothyra spiroides’ zone)

. . 2. Endostaffella delicata zone { E. masanae subzone
Nagoé Formation (=*“Plectogyra primaeva’ zone | E. previscula subzone

1. Endothyra sp. A zone (=‘Plectogyra communis zone)
[Zones in the parentheses are those given by OKIMURA in his first report (1958)]

Through a detailed comparison of the foraminiferal faunal assemblage and
characteristics, OKIMURA correlated the zone 1, 2, and the lower part of 3 respec-
tively with the Lower, Middle and Upper Viséan, and the upper half of the zone
3 with the Namurian (Protova horizon) of Russia. Accordingly, this means that
only the lower half of the Mediocris sp. A zone with its equivalent M. mediocris
zone in the Taishaku and Akiyoshi limestones is correlated with the Onimaru
Formation in the Kitakami massif. Inasmuch as a horizon equivalent to the
upper half of M. mediocris zone does not exist in the standard area in the
Kitakami massif, OKIMURA is of the opinion that this horizon may be referable
to the hiatus between the Onimaru and the Nagaiwa Formation. For this part
he proposed a new stage name, Ohkuboan, with the type locality at Okubo
[Swi 97’] in the Akiyoshi area.

The lower two zones of the Kodani Formation are characterized by the
rapid increase of primitive fusulinacean Eostaffella, Millerella, etc. and a rapid
decrease of endothyroids at the same period of time. This faunal change is very
evident and traceable throughout the Chugoku region. These two zones are
nearly the same in their faunal constituent, though the Pseudostaffelle antiqua
zone is distinguished from the underlying Fostaffella sp. A zone by having
Pseudostaffella antiqua (DOUTKEVITCH) and “Atetsuella” meandera OKIMURA.
These two zones are referred to as the uppermost part of the Millerella—Eostaffella
zone of Japan.

The Atetsu limestone has also been studied by Sapa (1960, 1961, 1963, 1964,
1965) in greater detail so far as the fusulinaceans are concerned. He referred
the Nagoé Formation to the Endothyra—Plectogyra zone above which the Kodani
Formation of the Lower-Middle Pennsylvanian conformably rests. The latter
is divided into the Millerella bigemmicula—Eostaffella kanmerai zone, the Pro-
fusulinella toriyamai zone and the Fusulinella imamurai zone in ascending order.
SADA (1964) described the following species in his Millerella bigemmicula—
FEostaffelle kanmerai zone: Millerella inflecta THOMPSON, M. bigemmicula 1GO,
Fostaffella kanmerai (Ico), E. spp. A, B, C, and D, and Pseudostaffella cfr.
kanumat Igo.

Comparing the above fauna with the Millerella faunas of other areas, SADA
(1965) came to a conclusion that the Atetsu fauna is distinguished from both
the Onimaru and the Kakisako fauna in specific assemblage but is similar or nearly
equivalent to the Millerella fauna of the Ichinotani Formation of the Hida massif
and the Akiyoshi limestone Group. He is also of the opinion that the Millerella
bigemmicula—FEostaffelle kanmerai zone of the Atetsu limestone is possibly refer-
able to the Millerella zone of Chesterian-Morrowan of North America.
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2. Oga plateau

The probable existence of the zone of Millerelln has been reported by
YOSHIMURA (1961) in the basal part of the Middle Formation of the Koyama
Group [Swi49] in the Oga area. Although no species of Millerells have been
reported, Clistophyllum awa (MINATO) has been abundantly found in the limestone
immediately above the schalstein of the Lower Formation. YOSHIMURA cor-
related the lower part of the Middle Formation of the Koyama Group with the
Kodani Formation of the Mitsudo Group in the Atetsu limestone.

3. Nakamura limestone

The equivalent of the Koyama limestone in the northwest of Nariwa is
called the Nakamura limestone [Swi54], and a zone of Millerelle has been
found by KANMERA and OTA (1957%) in the lowest part. According to a recent
study by OKIMURA (1966), Endothyra spp., Endothyranopsis spp., Mediocris
mediocris (VISSARIONOVA), Palaeotextularia cfr. consobrina LIPINA, Fostaffella
sp., Pseudoendothyra cfr. spiroides (ZELLER), ete. are found in the lowest part
of the Nakamura limestone. The faunal assemblage shows that the lower part
of the Nakamura limestone is correlative with the upper part of the Nagoé
Formation in the Atetsu area already mentioned.

YosHIMURA (1961) is of the opinion that the Nakamura limestone is in
fault contact with the underlying Fuka Formation in this area. The latter,
which congsists of sandstone, clayslate, and their alternation, has been regarded
as the Middle Carboniferous.

To the south of Nariwa-machi is developed the Paleozoic complex which is
the basement of the Triassic Nariwa Group and has long been called the meta-
morphic Paleozoic of uncertain age. TERAOKA (1959) has recently divided this
Paleozoic complex into the lower semi-schist Formation and the upper Kurohagi
Formation [Swi50]. The latter consists mainly of clayslate about 250m
thick and yields Lonsdaleoides cfr. toriyamai MINATO, Millerella marblensis
THOMPSON, Staffella sp., Plectogyra sp., and Textularia sp. TERAOKA referred
the Kurohagi Formation to the zone of Millerella and the semi-schist Formation
to the lowest Pennsylvanian or to the uppermost Mississippian.

4. Taishaku plateau

Taishaku plateau [Swi 59] is well known for the Upper Paleozoic of South-
west Japan. Although a considerable amount of light has been thrown by
pioneer workers such as YOSHINO (1937), HANZAWA (1942), FujiMoTo (1944),
and MocHIZUKI and SENDO (in KOBAYASHI, 1950) on the biostratigraphical side,
little is known of the paleontological side of this plateau. The Carboniferous
of this plateau is the Taishakugawa Group which was first divided by YokovAMA
(1957) into the lower Dangyokei and the upper Eimyoji Formation. Later

* KANMERA and OTA (1957): The Carboniferous of Bitchu-machi and its environs, mid-
valley of Nariwa-gawa, Okayama Prefecture. Bull. West. Japan Branch, Geol. Soc.
Japan, (20) [mimeographed].
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AXAGI (in FusiMoTo and Ico, 1958) revised the division of this group, dividing
it into three formations, the lower Dangyokei, the middle Eimyoji, and the
upper Taishaku Formation which were respectively referred to the zones of
Nagatophyllum-Millerella, Profusulinella, and Fusulinella-Fusulina. HASE (1964)
has recently put the division of this group back to its original definition given
by YOKOYAMA.

The Dangyokei Formation [Swi 60] consists mainly of andesitic lava flow
and “schalstein” with intercalations of limestone lens, and yields Nagatophyllum
satot OZAWA, N. sp., Thysanophyllum sp., Lithostrotionella taishakuensis YOKO-
YAMA, L. cfr. tingi CHI, “Dibunophyliotdes” ofukense (OzAWA), Clisiophyllum
awa (MINATO), Taishakuphyllum rostfer MINATO, and Staffella sp. in the hy
horizon which is found in the upper part of the formation.

As for the stratigraphical position of the Dangyokei Formation, opinions
are diverse among the previous workers. It has been correlated with either
the upper Lower Carboniferous [=Upper Viséan=Onimaruan] (FuJiMoTO, 1944)
or the lower Upper Carboniferous [Bashikirian=Atetsuan] (MINATO, 1949).
YokoYAMA (1957)regarded his h; horizon of the Dangyokei Formation as the
upper subzone of the zone of Millerella [=Kamitakaran].

Akagi (op. cit.) has found that the Tameshige Formation [Swi56] which
is developed in the eastern part of the plateau, contains Lonsdaelleie sp. and
Clisiophyllum awa (MINATO). He assumed that the Tameshige Formation
laterally dies out and changes into the Dangyokei Formation of the southern part
in which prolific Millerella fauna occurs, and that the Dangyokei Formation and
the Eimyoji Formation (zone of Profusulinella) are partly contemporaneous with
each other. Thus AKAGI considered that the first appearance of the coral fauna
of Nagatophyllum satoi and Clistiophyllum ewa may be younger than the Oni-
maruan but slightly older than the zone of Profusulinelle or nearly of the
same age.

Since the Dangyokei Formation is clearly lower in the stratigraphical posi-
tion than the Eimyoji Formation which is referable to the zone of Millerella to
the zone of Fusulinello, and any fusulinaceans which are characteristic to the
zone of Millerella have not been found in the Dangyokei Formation except in the
uppermost part, HASE (1964) has considered that the Dangyokei Formation is
referred to the upper Lower Carboniferous.

Through the detailed micropaleontological study on smaller foraminifers,
OKIMURA (1966) has recently made the zonation of the Taishakugawa Group
as follows:

Fusulinella biconica zone
Profusulinella sp. zone
Pseudostaffella antiqua zone
Millerella sp. A zone

Eimyoji Formation

Mediocris mediocris zone

Dangyokei Formatlon{ 1. Endostaffella delicata zone

The faunal assemblage and characteristics show that the lower four zones
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are certainly correlative with nearly the same four zones in the Atetsu and
Akiyoshi limestones. According to OKIMURA’s conclusion it should be noted
that the lowest Endostaffella delicata zone is older than the Onimaruan and is
correlated with the Kotsuboan substage of the Lower Carboniferous.

5. Fuchu area

The Fuchu area belongs to the San’yo branch of the Sangun metamorphic
zone where the non-metamorphosed Paleozoic develops in the northern part and
the weakly metamorphosed Paleozoic rocks occur in the southern part. The
former is presumed to superimpose the latter conformably.

HASE (1964) has recently found that small limestone masses of Carboniferous
and Middle Permian appear close to the northern margin of the weakly meta-
morphosed rocks. The former are presumed to be sandwiched into or thrust
upon the latter. The limestone exposed at Yakawa [Swi 64], Iseki and Kinbara,
all in Sanwa-cho are massive, greyish-white in color, and oolitic. OKIMURA (in
HASE, op. cit.) identified Pseudoendothyra sp. and species of Tuneritina, Palaeo-
textularia, Climacammina, Plectogyra, Endothyranopsis, and Granuliferella. Be-
cause these small foraminifers bear Viséan aspect and the associated fauna has
no species characteristic to the stratigraphically higher fusulinacean zones than
the zone of Millerella, OKIMURA (op. cit.) is of an opinion that these limestones
are Viséan in age.

6. Akiyoshi limestone

The basal part of the Akiyoshi limestone Group [Swi 100] is represented by
“schalstein” of about 20 m in thickness. ToRIYAMA (1957, 1958) has confirmed
the existence of the zone of Millerella, designating M. sp. « zone (Cl). However
he did not give a description of its fauna nor clarify the stratigraphical relation-
ship between his Cl zone and the 0zawA’s Nagatophyllum satoi subzone.

MuraTA (1961) has made some contributions to the zonation of the lowest
part of the Akiyoshi limestone. He set the Endothyra zone (C;) and the Miller-
ella zone (Cy;) below the Profusulinella zone (C;;;). The former is characterized
by Endothyre cfr. symmetrica ZELLER, E. spiroides ZELLER, E. sp., Plectogyra
spp., Meniscophyllum longiseptata MINATO, and Clisiophyllum okuboense MURATA
(MS). Since no species of Millerella have been found in this zone MURATA re-
garded it as being equivalent to Endothyra symmetrica zone of the Atetsu lime-
stone (OKIMURA, 1958), referring it to the lower Viséan or to the lower Chesterian
to Meramecian. The latter, Millerella zone, comprises M. komatui 1o, M. uzur-
ensts MURATA (MS) mainly in the lower part, M. cfr. marblensis THOMPSON in
the middle and upper, and Fostaffelle sp. A and Staffelle akagoensis TORIYAMA
in the upper. Besides fusulinaceans, Nagatophyllum satoi OZAWA, Lonsdaleoides
enormis OZAWA, L. toriyamai MINATO, Clistophyllum awe (MINATO), Amigdalo-
phyllum naosoidea MINATO, Stylidophyllum sp., and prolific brachiopod and bryo-
zoan faunas are also found together. It should be noted that the occurrence of
Millerella komatui 1Go is common to the Ichinetani Formation [Ht 27] of the
Fukuji area.
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Independently of MURATA, OKIMURA (1963) studied the lower part of the
Akiyoshi limestone Group, and distinguished five foraminiferal zones based on
the smaller foraminifers, but later he (1966) revised his zonation by more de-
tailed study on the primitive fusulinaceans and smaller foraminifers. OKIMURA’s
latest division in the lower part below the Profusulinella beppensis zone is as
follows in descending order;

Profusulinella beppensis zone
Pseudostaffella antiqua zone
Eostaffella ikensis subzone

Millerella sp. A subzone
Mediocris mediocris zone

Millerella sp. A zone{

Eodoth : b
Endostaffella delicata zone{ ocothyra sz.um.z@{ae subzone
Endothyra similis subzone

I I AR

Endothyra sp. A zone

The lowest zone consists mostly of schalstein with thin chert and limestone
lenses and is characterized by the occurrence of the zone species and indeter-
minable species of Tetrataxis and Neotuberitina. It is correlated by OKIMURA
with the Maidean substage of the Lower Carboniferous.

The lower subzone of the Endostaffella delicata zone is made of oolitic lime-
stone with intercalation of schalstein and chert, and is characterized by the
occurrence of Mikhailovella, Endostaffella delicata ROSOVSKAYA, Endothyra similis
RAUSER, E. omphalota samarica RAUSER, together with many species of smaller
foraminifers. The upper subzone is very similar in lithology and faunal content
to those of the lower subzone, but a few new members first appear in this subzone.
They are Endothyra sumiyae OKIMURA (MS), E. gigantea (OKIMURA), Pseudo-
endothyra sp., Endostaffella parva (MOLLER) and other species.

The third, Mediocris mediocris zone consists of oolitic limestone with clastic
limestone of algal fragments in the upper part. Most characteristic feature of
this zone is the occurrence of Endothyranopsis having arenaceous shell, In
addition to the zone species, many species of Endothyranopsis, Endothyra, Eostaf-
fella, and others are found in this zone.

The Millerella sp. A zone is divided into two subzones. The lower subzone
consists of fine conglomeratic limestone, the faunal contents of which is rather
similar to that of the lower zone, though some species are new to this subzone.
Millerella sp. is the most dominant species in this subzone. The upper, Fostaffella
1kensis subzone is of reef limestone facies, being characterized by an extreme
abundance of the fusulinaceans and total disappearance of Mediocris mediocris
and Endothyra ex. gr. bradyi which are characteristic of the lower zone.

The Pseudostaffells antique zone (only 5m in thickness) is composed of
massive limestone, having a similar foraminiferal fauna to that of the lower
Millerella sp. A zone, but is distinguished from the latter by the occurrence of
Pseudostaffella ex. gr. antiqua and the primitive fusulinacean FEostaffelle and
Ozawainella and the first appearance of Endothyranella.

OKIMURA considers that only the lower subzone of the Mediocris mediocris
zone is correlative with the Onimaruan, and the upper subzone with the Ohkuboan
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newly proposed by him. The Millerella sp. A zone and the Pseudostaffella antiqua
zone are referred to the Nagaiwan Stage.

MINATO and KATO (1963) described many species of Coelenterata, Bryozoa,
and brachiopods which were collected by HASEGAWA from the reddish tuffaceous
shale developed below the Nagatophyllum zone in the southern margin of Akiyoshi
plateau. Putting stress on the fact that the faunule contains no Onimaruan
element, they assume that the reddish tuffaceous shale of the Akiyoshi limestone
Group is possibly the lowest Namurian in age.

Thus MINATO and KATO (op. ¢it.) and OKIMURA (op. ¢it.) are not in agreement
with each other in the dating of the basal part of the Akiyoshi limestone Group.
As stated above, OKIMURA regards his Endothyra sp. A zone as the Lower Viséan
Maidean substage, and the reddish tuffaceous shale under consideration is clearly
stratigraphically lower than the Endothyra sp. A zone.

The problem has been discussed at length by YANAGIDA (1965) who also did
not agree with MINATO and KAT0’s conclusion. From the reddish tuffaceous shale
he found the brachiopod fauna comprising Rhynchopora sp., Setigerites sp.,
Werriea cfr. australis CAMPBELL, Schuchertella spp., Orbinaria sp., Eomarginifera
aff. paradoxa (CAMPBELL), and Quadratia sp. They are too poorly preserved to
give the exact stratigraphical age, but the faunal assemblage shows that it is
probably assignable to the Lower to Middle Viséan. It is difficult to date them
as the Namurian as MINATO and KATO assumed. In the oolitic limestone about
10 m below the reddish tuffaceous shale, YANAGIDA and OTA (in YANAGIDA, 1965)
found another brachiopod-coral fauna which contains Syringothyris spp., Schizo-
phoria cfr. resupinata, Leptagonia sp., Spirifer spp., Zaphrentoides sp., and
Cyathazonia sp., and this fauna is dated as the Upper Tournaisian to the Lower
Viséan. However, this conclusion does not accord with that of OKIMURA (1966)
who insisted that the brachiopod-coral fauna was found in the lower part of his
Endostaffella delicata zone that is of the lower Middle Viséan. Thus the problem
concerning the stratigraphical position of the lower part of the Akiyoshi limestone
Group has not yet been settled satisfactorily.

YANAGIDA (1962, 1963, 1965) also described 21 species of 18 genera of
brachiopods including one new species each of Brachythyris and Yanishewskiella
collected from the “Uzura” quarry which belongs to the zone of Millerella. The
faunal assemblage shows that the fauna is closely allied to the upper Viséan
brachiopods of Europe, southern Asia and Australia.

Among the non-calcareous formations developed around the Akiyoshi lime-
stone Group, the lower part of the Oda [=Ota] Group [Swi 96] is only referred
to the Carboniferous. The name Tsuzumigatake Formation was first given by
TORIYAMA (1954) to the lowest part of the Oda Group which consists mainly of
chert, but MURATA (1961) who restudied the group proposed the Futagami
Formation [Swi102] in which the Aratakiyama Formation of TORIYAMA was
also included. Since MURATA found indeterminable species of Endothyra, Plecto-
gyra, and bryozoans including Fistulipora and others without any association of
fusulinacean, he correlated the formation to the Lower Viséan or to his C; zone
of the Akiyoshi limestone Group. However, as mentioned above, there are still



The Fusulinacean Zones of Japan 61

problems concerning the stratigraphical position of the basal part of the Akiyoshi
limestone. Thus the stratigraphical lower limit of the Futagami Formation has
not been settled yet. The stratigraphical relationship between the Futagami
Formation and the overlying Permian Yaégahara Formation is not exactly known,
though MURATA assumed an unconformable relationship because of the presence
of conglomeratic or coarse sandstone at the base of the Yaégahara Formation.

V. Outer zone of Southwest Japan

KANMERA (1952) described four species of Millerella, two new and two
indeterminable, from the Kakisako Formation [Swo 138] of South Kyushu where
the existence of the Lower Carboniferous corals had previously been reported.
Of the species described by KANMERA, Millerella japonica KANMERA is regarded
as being conspecific with M. sp. described by YABE (1949) from the Kitakami
massif, while M. gigantea which is large for the genus and somewhat resembles
FEostaffella circuli (THOMPSON) described from the Belden Formation of the
earliest Pennsylvanian age, although the two forms are clearly distinguishable
from each other. As KANMERA mentioned the fusulinaceans and corals of the
Kakisako Formation are without doubt referred to the Onimaruan.

The Katauchi Formation [Swo 1181 of the Usuki area, in which an indeter-
minable species of Millerella was found, is considered by Fuju (1954) to be prob-
ably of the Onimaruan.

The Yuzuruha Formation [Swo 182] of the Kuraoka area, consisting of
clayslate and sandstone with intercalation of limestone, conglomerate, diabase,
and schalstein, is referred by KAMBE (1957) to the Onimaruan. Millerella sp.,
Diphyphyllum sp. and cyathophylloid corals are also found in the limestone.

Chapter III. The Zone of Profusulinella

I. Kitakami massif

Although the Kitakami massif is the standard area for the Upper Paleozoic of
the Japanese Islands, critical discussion on the fusulinacean zones is not adequate
in this area. The Nagaiwa Formation [Ka 24], which had long been regarded
as the type of the zone of Fusulinella, is according to MINATO et al. (1953) 710 m
in the maximum thickness and rather poor in fossil content. In their H, horizon
Fusulinella sp. was reported with such coral fauna as Chaetetes sp., Thysanophyl-
lum aseptatum DODROLYUBOVA, Lithostrotionella sp., and Diphyphyllum equisepta-
tum YABE and HANZAWA. Accordingly, MINATO et al. considered that the H,
horizon is correlated to the zone of Fusulinella with certainty, and at the same
time they pointed out that there is a possibility of finding the zone of Fusulina
and /or Triticites in the upper part of the Nagaiwa Formation if its great thick-
ness is taken into account. Nevertheless, ONUKI and Yamapa (1955) distin-
guished ten fossil zones in the Nagaiwa Formation of the type locality where it
attains 460 m in thickness. In the upper eight zones they found species of
Profusulinella, Pseudostaffella, Millerella, Eoschubertella?, and Ozawainella, to-
gether with the coral faunas which were already reported by MINATO et al.
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ONUKI and YAMADA therefore referred the upper eight fossil zones to the zone
of Profusulinella of the Atokan age, and the lower two zones with species of
Millerella, Thysanophyllum and Chaetetes to the zone of Millerella of the Ardian
age. They insisted that, in the type area of the Nagaiwa Formation, the fusuli-
nacean zones above the zone of Fusulinelle are lacking. ISHIZAKI (1964) has
recently obtained new information on the ostracod obtained in the limestones of
the Nagaiwa Formation. This fauna comprises ten species of six genera most
of which are new to science.

II. Hida massif
1. Omi limestone

Although Profusulinelle had not been found in the lowest division (C;) of
the Omi limestone [Ht 1], recent study by SAKAGAMI (1962) has verified the
existence of a zone of Profusulinella. According to him, specimens of Profusuli-
nelle were found in the C1 of KAWADA or the Millerella-coral-brachiopod zone of
FuJita (1958). Furthermore KATO and NAKAMURA (1962) reported the occur-
rence of a goniatite which belongs to Eoasianites RUZHENCEV and is comparable
to E. orientale (YIN) from China. The joint authors are of the opinion that the
Bashkirian exists in the C1 of the Omi limestone, and SAKAGAMI's discovery
of Profusulinella is a positive verification of their age-determination.

2. Fukuji area

Through the continuous efforts of FuJiMoTo and his collaborators, the Paleo-
zoic stratigraphy aud paleontology of the Hida massif, central Japan have been
much clarified in these years. Especially worthy of mention are Ico’s works on
the Ichinotani Group [Ht 27]. According to him, the zone of Profusulinellz in
the Fukuji area is named P. fukujiensis zone, consisting of dark grey limestone
of only 5 m in thickness. Its main component species is the zone species, P. fuku-
jiensis 160, occurring with the accompanying subordinate species of Millerella sp.,
Eostaffella ampla (THOMPSON) and Pseudostaffella sp.

Paleontological comparison between Profusulinella fukujiensis of the Ichino-
tani Formation [Ht 27] and P. beppensis of the Akiyoshi limestone Group [Swi
100] shows that they are very closely allied with each other, and perhaps one and
the same species. Therefore both of the zones of Profusulinella are regarded to
be equivalent in age at least in their main parts. However, in the Akiyoshi
limestone Group Profusulinella beppensis occurs with Akiyoshiella ozawai TORI-
YAMA, A. sp. A, and a primitive form of Fusulinells, while in the Ichinotani
Formation no representatives of Akiyoshiella nor of Fusulinella have been found
vet. This indicates, therefore, that the upper limit of the zone of Profusulinella
may be stratigraphically a little higher in the Akiyoshi limestone Group than
in the Ichinotani Formation. In this regard the followng facts cannot be over-
looked; namely the limestone of the P. fukujiensis zone is only 5 m in thickness
and is disconformably overlain by the limestone of the Fusulinella kamitakarensis
zone (Igo, 1961). The disconformity is shown by the development of the residual
sharpstone conglomerate in the basal part of the F. kamitakarensis zone. The
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stratigraphical relationship mentioned above is, as 1o discussed at length, very

important to the consideration of paleogeographical and sedimentological condi-
tion of this area.

III. Chugoku massif
1. Atetsu plateau

The zone of Profusulinelle has been ascertained by OKIMURA (1958) to be
in the lower part of the upper half of the Kodani Formation [Swi38] of the
Mitsudo Group, which is developed in the northern part of the Atetsu plateau.
Although it comprises species of Profusulinella, Schubertelle, Eoschubertella,
Fusiella, Pseudostaffella, Millerella, and Plectogyrae, paleontological features of
this fauna have not been clarified by OKIMURA. SADA (1961, 1964, 1965) who
studied the same area set up the Profusulinella toriyemai zone in the Atetsu
limestone, and described five species of Profusulinella together with species of
Nankinella, Staffella and Eoschubertelle. The faunal assemblage shows that the
zone of Profusulinella has much in common with the Profusulinella beppensis zone
of the Akiyoshi limestone Group, P. fukujiensis zone of the Hida massif, and the
lower part of the Huanglung limestone of China. It is noted however that some
American elements such as Nankinella plummeri THOMPSON and Staffella pow-
wowensis THOMPSON are mixed with the Tethysian ones.

2. Oga plateau

The Oga plateau and its adjacent areas comprise one of the most important
fields for studying the geotectonics of Southwest Japan, and have been studied by
many pioneer students. Recent studies of IMAMURA and his collaborators have
made many contributions to the geology of this area. In the Oga area [Swi 47],
Profusulinelle sp. and Plectogyra sp. were found by YOSHIMURA (1961) in the
lower part of the middle formation (250 m) of the Koyama Group. According to
him it is difficult to set up the fossil zone in this formaton because of the poor
occurrence of fossils. Nevertheless he correlated the lower part of the middle
formation with the Kodani Formation of the Mitsudo Group of the Atetsu
limestone.

In the Hane area, located to the northeast of the Oga area, a thick limestone
formation called the Nakamura limestone [Swi 45] is developed. KANMERA and
OTA* believe that the zone of Profusulinella exists between the zone of Millerella
and Fusulinelle in the lower part of the Nakamura limestone, though the faunal
characteristics are not known.

3. Taishaku plateau

YokovAMA (1957) recognized five fossil zones in the Pennsylvanian part of
the Taishaku limestone, which is called the Taishakugawa Group. 'The Eimyoji
Formation [Swi 59], the upper division of the group, consists of thick massive
limestone in which YOKOYAMA’s h, to h; horizons are contained. He referred the

* KANMERA and OTA (1957): The Carboniferous of Bitchu-machi and its environs, mid-
valley of Nariwa-gawa, Okayama Prefecture. Bull. West Japan Branch, Geol. Soc.
Japan (20) (mimeographed).
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h, to the zone of Profusulinells whose constituent species are indetermiable
species of Profusulinella, Pseudostaffella and Millerella, in addition to the coral
species, Lophophyllidium? sp. and Chaetetes spp. However none of the fusulina-
cean species have been described, and its faunal characteristics are not exactly
known. According to FusiMoro and Ico (1958), however, the following species
are found in the Dangyokei Formation [Swi 60]: Millerella sp., Paramillerella sp.,
Staffelle sp., Pseudostaffella sp., Ozawainella cfr. angulate (COLANI), O. sp.,
Profusulinella rhomboides (LEE et CHEN), P. sp., Taishakuphyllum rostfer
MiINaTo, Lonsdaleoides toriyamai MINATO, Chaetetes sp., and Carcinophyllum sp.
Since species of Profusulinelle are most characteristic, AKAGI (in FUJIMOTO,
1960) assumed that the Eimyoji Formation is of the zone of Profusulinella.

4. Jinseki-Yuki area

To the north of Kuregatoge in the Jinseki-Yuku area which is located to
the south of the Taishaku area, HASE (1965) found Profusulinella-bearing lime-
stone presumed to be in tectonic contact with the Yoshii Group of the non-
calcareous facies which is developed widely in this area. Although it exists in
the same limestone mass together with that which comprises Yabeina shiraiwensis,
HASE has suggested an unconformity in the limestone mass which is presumed
to be equivalent to the pre-Maki unconformity of IMAMURA (1959).

Another Profusulinella-bearing limestone was found by HASE 6 km NW of
Yuki-machi which is probably the southern extension of the Taishaku limestone.
Profusulinella rhomboides (LEE et CHEN) was found at one locality and P. sp.
and Fusulinella? sp. at another. HASE has correlated thig limestone with the
Eimyoji Formation of the Taishaku area. It is noted that this Profusulinella-
bearing limestone is overlain by the limestone conglomerate in which Pseudo-
schwagering sp. is found.

5. Fuchu area

The Pennsylvanian limestones are known to occur nearly parallel to the
weakly metamorphosed Paleozoic rocks of Permian age which belong to the so-
called “San’yo branch” of the Sangun metamorphic zone (HASE, 1963, 1964).
HASE reported indeterminable species of Profusulinella, Akiyoshiella (?), Staf-
fella, Pseudostaffella (?), and FEoschubertella with smaller foraminifers of the
Pennsylvanian type in several limestone masses in the environs of Kobatake
[Swi65] and Joé [Swi66], Sanwa-cho. Thus he referred these limestones to
the zone of Profusulinella with a possibility of having the zone of Millerella in
their lower part.

6. Akiyoshi area

Profusulinella beppensis zone was set up by TORIYAMA (1954) as the lowest
fusulinacean zone in the Akiyoshi limestone Group [Swi 100], in which, besides
the zone species, P. beppensis TORIYAMA, P. rhomboides (LEE et CHEN), P. sp.
A%, Akiyoshiella ozawai TORIYAMA, A. sp. A, Fusulinella sp. C, Nankinella sp.,

* Restudying this species together with the specimens from the Atetsu limestone, SADA
(1961) set up a new species, P. toriyamai.
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Staffella akagoensis TORIYAMA, and Eoschubertella obscura (LEE et CHEN) have
also been listed. Having described these species, TORIYAMA (1957, 1958) clarified
that the zone of Millerella exists below the Profusulinella beppensis zone although
its fauna has not been described yet. Meanwhile, MINATO and KAT0o (1957) set
up the coral zones in the Pennsylvanian part of the Akiyoshi limestone Group.
Of which the “Dibunophylloides” ofukuense zone is correlated with the Fusulinella
biconica zone and the upper half of the Stylidophyllum sp. subzone of the Clisio-
phyllum awa zone with the Profusulinella beppensis zone. To determine the exact
stratigraphical range of the Profusulinella beppensis zone, as well as its strati-
graphical relation with the underlying Millerella sp. zone, greater study in the
future is necessary.

Except the areas mentioned above there is no place where the formations
referable to the zone of Profusulinells have been ascertained by exact paleonto-
logical evidence. It is probable that the zone of Profusulinella will be found
in the formations of the so-called “Moscovian”, especially in those ranging con-
tinuously from the zone of Millerella to the zone of Fusulinella or higher zones
without any stratigraphical break.

Chapter IV. The Zone of Fusulinella

I. Kitakami and Abukuma massifs

In these massifs there are no places where the existence of the zone of
Fusulinelle has been confirmed by paleontological evidence. This may be due to
strong denudation of the pre-Sakamotozawan (or pre-Wolfcampian) ages.

II. Kwanto massif

The Toriashi hill, situated to the northeast of the Kwanto plain, is for the
most part composed of Paleozoic rocks with intrusion of granitic rocks. In the
Kasama Formation [Kw 2] of the Toriashi Group Fusulinella sp., Ozawainella
cfr. angulata (COLANI), O. sp., and smaller foraminifers were reported by
Fusimoto (1938) from Oizumi [Kw 8], Iwase-machi, Ibaragi Prefecture. He
referred the Kasama Formation to the Late Carboniferous, younger than the
Moscovian and not younger than the “Uralian”.

The main part of the Kwanto massif is one of the classical localities in the
study of the Paleozoic geology of Japan. Through the continuous efforts of
FuJiMmoTo, the stratigraphy of this massif has been greatly clarified. In the
valley of Kan’nagawa, the type area of the massif, the following order of succes-
sion was set forth by Fusimoro (1936) in descending order:

Upper Permian Kamiyoshida Formation

Moscovian Mamba Eormation
Kashiwagi Formation
Sakahara Formation

Of the above, the Mamba Formation [Kw 12] of 1700 m thickness consists
mainly of schalstein with many intercalation of fusulinacean-bearing limestone
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in which FuJiMoro distinguished five fusulinacean zones.

The lowest zone was named by him Fusulinella bocki zone, the component
species of which are F. bocki (MOLLER), F. biconica (HAYASAKA) and F. tudai
FUJIMOTO obtained from Futagoyama {Kw 20], Chichibu-gun. According to
recent study of TAKAOKA (1966) the Fusulinella-Fusuling zone of the Futagoyama
limestone comprises Beedeina ichinotaniensis (160), B. lanceolata (LEE et CHEN),
Fusulinella pseudobocki (LEE et CHEN), and F. asiatica Ico. The faunal assemblage
shows that the lowest part of the Futagoyama limestone is correlated with the
middle part (Fusulinella asiatica subzone up to Beedeina ichinotaniensis — B. lan-
ceolata subzone) of the Ichinotani Formation in the Fukuji area. The Fusulinella-
Fusulina zone is in tectonic contact with the Triticites zone in the Futagoyama
area. Besides the above, FusiMmoro (1936) described and illustrated Fusulinella
irumensis FuJiMoTo and F. compressa FUJIM0OTO from several localities in the
massif. These species were found with species of Pseudofusulina and even with
species of Neoschwagerina. Hence they are regarded as the derived fossils.

FuJimoro also described Fusulina (Beedeina) girtyi (DUNBAR and CONDRA)
from Raidenyama [Kw 39] and Unazawa [Kw 36]. Since the species from
Raidenyama was reported with schwagerinids, MINATO (1955) was of the opinion
that there is a possibility of Fusuline (Beedeina) girty: being a derived fossil.
However, as stated by FuJIM0OTO himself, the Raidenyama specimens are ex-
tremely poor in preservation, and their generic reference is very questionable. On
the other hand, the specimens from Unazawa seem to be not conspecific with the
Illinois specimens of F. (B.) girtyi, though both are very closely related with each
other, and the latter is seemingly more biologically advanced than the former.

In the Nakatsugawa area [Kw 24], the central part of the Kwanto massif,
the lower part of the Ishifune Formation is referred by FusiMoTo et al. (1957)
to the Moscovian. They distinguished Fusulinelle bocki (MOLLER), F. pseudo-
bocki (LEE et CHEN) and Fusulina quasicylindrica (LEE) in the formation.

In the south-eastern part of the massif fusulinacean fossils of the Pennsyl-
vanian age are known to occur in several localities, none of which have been
described nor illustrated except the fauna described by FuJimoTo.

The fusulinacean fossils collected by TAKAGI (1944) from the pebbles of the
limestone conglomerate of Zengosasu, Shozawa, Ome city [Kw 38] and described
by ToriYAMA (1947) contain Eoschubertella obscura (LEE et CHEN), Profusuli-
nella cfr. fittsi (THOMPSON), Fusulinella cfr. pseudobocki (LEE et CHEN), Triti-
cites cullomensis DUNBAR and CONDRA, and T. cfr. powwowensis DUNBAR and
SKINNER. The age of the limestone conglomerate of Zengosasu was first con-
sidered by TORIYAMA to be Moscovian rather than early Uralian, though he
correlated it with the Sakuradani conglomerate [Swo 50] of Shikoku. However,
this was not correct. It may be at least the post-Hikawan in age, because the
two last named species of Triticites are known to associate with species of
Pseudofusulina in other localities in the Kwanto massif.
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I1I. Hida massif and Tamba zone
1. Omi limestone

The Omi limestone [Ht 1] is one of the classical localities in the study of
the Paleozoic stratigraphy of Japan. HAYASAKA (1918, 1921, 1924) first set the
Fusulinella zone in the thick, massive limestone complex and described “Neofusuli-
nella” biconica with many species of brachiopods. KAWADA (1954) and FUJITA
(1958) studied the stratigraphy and geologic structure of this area in some
detail, but their paleontological study has not yet been published.

According to KAwADA, his division C2 of about 400 m thick is correlated
with zone of Fusulinella, the characteristic species of which are F. bocki MOLLER,
F. biconica (HAYASAKA), and Fusuline (Beedeina) cfr. girtyi (DUNBAR and
CoNDRA). The last named species, which is restricted in stratigraphical occur-
rence to the upper part of the Kawapa’s C2 formation, is not found in FuJjira’s
C, zone. Although there is no evidence to verify the stratigraphical break in
the thick limestone, the C2 of the zone of Fusulinella is directly overlain by the
C3 of the zone of Triticites. In the latter, Fusulinella cfr. bocki MOLLER is still
existing in association with many species of Triticites most of which seem to be
component species of the Lower Permian Sakamotozawan, rather than of “Uralian”
Hikawan. Is there a Kurikian zone of Fusulina or Beedeine in this area? This
question remains unsolved.

2. Fukuji and Nyukawa areas

The zone of Fusulinella is well developed in the Fukuji area of the Hida
massif. KAMEI (1952) first carried out the stratigraphical study on the Kansaka
limestone [Ht 24] and later Ico (1956, 1957) published detailed stratigraphical
and paleontological studies of the Ichinotani Formation.

According to KAMEI the following fusulinacean species are found in the
Kansaka limestone, though the fossils are not well preserved: Fusulinella bocki
(MOLLER), F. sp., Textularia cfr. gibbosa D’ORBIGNY, Dibunophylloid and Camor-
phylloid corals.

The Ichinotani Formation [Ht 27], developed west of Fukuji, contains a
zone of Fusulinella of about 150 m thickness in its middle part, and is divided by
IGo into two subzones. The lower Fusulinella kamitakarensis subzone comprises
only F. kamitakarensis 160 and Staffelle powwowensis THOMPSON, of which the
former is more primitive in shell character and smaller in size than F. simplicata
ToORIYAMA which is known from the lower part of the Cmg zone of the Akiyoshi
limestone Group. Biologically speaking, F. kamitakarensis is seemingly the most
primitive species of the genus hitherto known in Japan.

The upper Fusulinella asiatica subzone is characterized by the association
of various species of Fusulinello and some primitive genera. All the species of
Fusulinelle in this subzone are more advanced than F. kamitakarensis 1G0 which
is characteristic of the lower subzone. IGo emphasized the occurrence of F. cfr.
gracilis KANMERA in the upper part of the F. asiatica subzone. However, the
said species is, according to KANMERA (1952), characteristic of the Fusulina
ohtanii subzone (the lower subzone of the zone of Fusulina) of the Yayamadake
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Group [Swo 136] of South Kyushu. It is not improbable that the Fusulinella
asiatica subzone of the Hida massif containg a part which may be equivalent to
the Fusulina ohtanii subzone of South Kyushu, although more study is needed to
determine the stratigraphical range of the species under consideration.

It is also noted that Fusulinelle jamesensis THOMPSON, PITRAT and SANDERSON
is the typical member in the lower part of the F. asiatica subzone. This species
was originally reported from the Cache Creek limestone of central British Colum-
bia in association with Akiyoshiella toriyamai T. P. and S. The joint authors
(1953) distinguished three groups of specimens and stated that it is possible,
but not probable, that these three groups of specimens are representatives of
the same species. The second group in which the holotype specimen is included
closely resembles Fusulinelln simplicata TORIYAMA of the Akiyoshi limestone
Group [Swi 100], although the spirotheca is much thinner and the proloculus is
larger in the latter. F. jamesensis of the Hida massif is also referred to the
second group of the British Columbian form.

Recent study of Ico (1960, 1961) on the red-purple shale intercalated in the
limestone of the Ichinotani Formation [Ht 27] is noteworthy. He found that
the red-purple shale is a non-marine bed which was re-deposited secondarily in a
lake basin. He also pointed out the disconformity beneath the zone of Fusulinella
in this area.

In short, the zone of Fusulinelle of the Ichinotani Formation is very impor-
tant in the study of the Middle Carboniferous stratigraphy and paleontology
of Southwest Japan because of its faunal characteristic and sedimentary features.

The Arakigawa Formation [Ht 22] which is developed in the Hongo area
consists mainly of schalstein with limestone lenses. Fusulinelle sp. was once
reported by SHIBATA (in FUJIMOTO et al., 1962) from the crystalline limestone of
30 m thickness found at Matsumoto, northeast of Takayama city. Corals, brachio-
pods and trilobites are also found in this formation (FuJIMOTO et al., op. cit.).

In the northern part of Nyukawa-mura, which is located to the east of
Takayama city, the Nakahata Formation [Ht 84] is limited in its distribution.
According to IsomMI and NozAwA (1957) it consists of clayslate and lenticular
limestone in which Fusulinella cfr. pseudobocki (LEE et CHEN), F. cfr. bocki
MOLLER, and Fusuline cfr. cylindrica FISCHER de WALDHEIM were found by the
joint authors.

IsHIZAKI (1963) recently described Eoschubertelly obscura (LEE et CHEN),
Fusulinella aft. elegantula ISHIIL, F. cfr. rhomboides (LEE et CHEN), F. jamesensis
THOMPSON, PITRAT and SANDERSON, and Protriticites nakahatensis ISHIZAKI
from the same formation. F. jamesensis is, according to him, conspecific with
some of the species previously reported as Fusulinella pseudobocki (LEE et CHEN).
He also states that the Nakahata Formation appears lenticular in shape, squeezed
out along or with the sheared zone in the extensively developed Permian Juni-
gatake Formation. It is therefore not practical to discuss the stratigraphical
relationship between the Protriticites zone of Ishizaki and the under- or over-lying
fossil zone. The material on which his new species Protriticites nakahatensis is
based is not enough for detailed micropaleontological discussion.



The Fusulinacean Zones of Japan 69

Southwest of Takayama city in the boundary area of the Mino and Hida
provinces, the Upper Paleozoic rocks are collectively called the Nohi Group and
have been studied in detail by KANUMA (1952, 1953, 1958, 1959). He divided
the Nohi Group into two formations, the upper Oppara [Ht 40] and the lower
Akiyama [Ht 41]. Although Fusulinella bocki MOLLER and F. pseudobocki (LEE
et CHEN) were described by KANUMA (1953) from the lower fossil zone of the
Akiyama Formation, the lower part of the formation was referred by him to
the Kurikian Stage. However, it is perhaps true that the lower half of the
Akiyama Formation is correlative with the Fusulinella asiatica subzone of the

Fukuji area, and also with the Cmpg zone of the Akiyoshi limestone of the
Chugoku massif.

3. Kamianama area

The Ashidani Formation [Ht 74] is developed in the Nojiri area, Kamianama
and is divided into two members, the lower schistose sandstone and the upper
phyllite. Conglomerate, schalstein and limestone are intercalated in the latter
(KawaAl, HIRAYAMA and YAMADA, 1957). Although the occurrence of Fusuli-
nelle sp. in the limestone exposed in Ashidani valley gives the Akiyoshian age
to the Ashidani Formation, the stratigraphical relationship is not known because
of fault contact between this formation and the Silurian Kamianama Group
{Ht 75], Permian Nojiri Formation |Ht 73] and the Jurassic Tetori Group.

4, Nishitani area

The Akyu Formation [Ht 78] (1400 m) in the Nishitani area consists mainly
of schalstein with intercalation of limestone in which Fusulinella pseudobocks
(LEE et CHEN) and F. cfr. bocki MOLLER were reported by KOBAYASHI (1954).
The Akyu Formation is in contact with the over- or under-lying formation by
fault relation.

The Akyu, Kumokawa and Ananori Formations of KOBAYASHI (1954), each
of which is in fault contact with the other, were dated by KAwAI, HIRAYAMA and
YAMADA (1957) to the Permo-Carboniferous. Their Fujikuradani Formation,
from lithological and structural aspects, is regarded as the Permian with a
possibility of being part of the Carboniferous.

The Isetoge Formation [Ht 76] developed in the upper valley of Kuzuryugawa
is the equivalent to the Akyu Formation mentioned above. It consists mainly
of black-grey to grey limestones with black shale, attaining a thickness of 70 to
80 m. FuJiMoTo et al. (1962) reported Fusulinelle cfr. biconica (HAYASAKA),
F. jamesensis T.P. and S., Eoschubertella sp., Fustella sp., Millerella? sp., Fusulina
sp., and Campophyllum sp. The stratigraphical relationship is mostly in fault
contact with the surrounding rocks, but at Isetoge the formation is overlain

* In the Ashidani Formation, Fusulinella pseudobocki (LEE et CHEN) and F'. cfr. bocki
MOLLER were reported by KAWAI (1964) and previously found by KoBAYASHI (1954) in
the Akyu Formation.

#% Most of the Akyu Formation of KOBAYASHI was included into the Permian Nojiri
Formation by Kawai, HIRAYAMA and YAMADA (1957).
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unconformably by the Lower Permian Oboradani Formation.

5. Imajo area

The Nanjo Group and its equivalent unnamed formations are distributed to
the southeast of Imajo. According to IsoMI (1955) the Yunoo Formation [Ht 82],
consisting of alternation of sandstone and shale with intercalation of chert and
limestone yields Fusulinella bocki MOLLER, and its equivalent unnamed formations
contain rather prolific Fusulinelle faunule comprising F. pseudobocki (LEE et
CHEN), F. schwagerinoides (DEPRAT), F. cfr. colanii (LEE et CHEN), F. biconica
(HAYASAKA) and F. spp. with fragments of Fusulina? sp. Although these forma-
tions have been referred by IsoMI to the upper Middle Moscovian, further detailed
study is seemingly necessary.

6. Upper valley of Ibigawa-Tokuyama and Sakauchi areas

In the northwestern part of Gifu Prefecture, the Paleozoic rocks are developed
in Tokuyama and Sakauchi areas and have recently been studied by KAJITA (1963)
who divided them into the Tokuyama and the Sakauchi Formation.

The Tokuyama Formation [Ht 52] (7000 m), consisting mainly of graywacke
sandstone with chert and siliceous slate, is correlated to the Nanjo Group of the
Imajo area based on the striking similarity in facies. KAJITA pointed out that
the formation is referable to the Permian Neo facies of Hida massif (Ico, 1960).
Thus he inferred that the Tokuyama Formation ranges from the Upper Carboni-
ferous to the Lower Permian, although no fossils have been found in this
formation.

The Tokuyama and the Sakauchi Formation are of the tectonic relation,
though they might have been conformable with each other (KAJITA, op. cit.).

7. Ibukiyama area

In the east of Ibuki massif, the Upper Paleozoic rocks are rather widely
developed. SEKI (1939) referred the lowest division, the Otaki Formation
[Ht 62], to the Middle Carboniferous in which Fusulinella cfr. biconica (HAYA-
SAKA) and Staffella sp. were reported with Neagatophyllum satoi OzZAWA and
Chaetetes sp. Having found that a part of SEKI's Otaki Formation is not
Carboniferous, but Permian in age, IsoMI (1953) restricted the formation to the
Carboniferous part and found Fusulinella biconica (HAYASAKA) and F. sp. with
coral species such as Clistophyllum awa (MINATO), Nagatophyllum sctoi OZAWA
and Lithostrotion cfr. somaense YABE and HAYASAKA in four separated localities
in Oishi [Ht 63] and Otaki [Ht 62], Tarui-machi.

Having studied the same area, KANUMA, TAKAHASHI and MoRI (1961) pre-
sented the different results concerning the stratigraphical age of the Otaki
Formation and the stratigraphical relationship between the Oishi and Otaki
Formations. According to them the Otaki Formation is not referred to zone of
Fusulnella but is referable rather to the zones of Fusulina and Triticites. The
joint authors are of the conclusion that the Otaki Formation is conformably
overlain by the Oishi Formation [Ht 63] of Lower Permian.
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IV. Chugoku massif

The central part of the Chugoku province is an important area for studying
the Upper Paleozoic of Japan where a rather thick limestone predominates in
the facies (KOBAYASHTU'S para-Akiyoshi facies). Although our knowledge on the
stratigraphical side of this region has been greatly increased in the past few
years, the paleontological side has been studied only a little.

1. West-central part of Hyogo Prefecture

In the central part of Hyogo Prefecture, the Upper Paleozoic rocks are found
in several separated areas, most of which are lithologically referred to as the
Yamaguchi facies of KoBAYASHI. The Hikami Formation [Swi 12], developed
to the northwest of the Ikuno mine, is composed of grey-black phyllitic clayslate
with intercalations of green-grey phyllitic clayslate, sandy clayslate, sandstone,
chert, and limestone. Since HIROKAWA, T0Go and KAMBE (1954) reported Fusuli-
nella sp. from small limestone lens exposed at Nakayashiro [Swi 13], Yamaguchi-
mura, Asaki-gun, a part of the formation is at least referable to the Akiyoshian.
Further details are not known on the stratigraphy of this formation and its
relationship with other Paleozoic formations.

The Mikazuki Formation [Swi 25] developed near the prefectural boundary
between Hyogo and Okayama is composed mainly of phyllite and sandstone with
association of clayslate, chert and diabase. Although no positive evidence for
the geological dating has been obtained, the Mikazuki Formation is correlated
wth the Hikami Formation because of the similarity in lithological characteristics
(KAaMBE and HIROKAWA, 1963).

2. Atetsu plateau

IMAMURA and his collaborators have made many contributions to clarify the
geology of this area. IMAMURA, SADA and OKIMURA (in IMAMURA, 1959) revised
the stratigraphic division of this area by assigning the Mitsudo, Sabushi and
Yukawa Groups for the Lower to Middle Carboniferous, Lower to Middle Permian,
and Middle to Upper Permian, respectively.

The Kodani Formation [Swi 387, the upper division of the Mitsudo Group,
is equivalent to the lower part of the Toyonaga Formation [Swi 39] of KOBAYASHI
and MocHIZUKI (1938). OKIMURA (1958) and IMAMURA (1959) proved that the
zone of Fusulinella is developed in their Kodani Formation, which was named
F. imamurai zone by SADA (1964, 1965) who described four species—F'. imamurai
SADA, F. n. sp. (?) cfr. subrhomboides LEE et CHEN, F. hirokoae SUYARI, and
F. sp. A from that zone together with a primitive species of Fusulina. The
faunal assemblage and characteristics show that the F. imamurai zone of the
Atetsu limestone is certainly correlated with the F. biconica zone of the Akiyoshi

limestone Group.
3. Oga plateau

The Koyama limestone [Swi49] developed in the southern part of the Oga
plateau was regarded by KoBavyasHI (1950) as having the zone of Fusulinelle in
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the basal part. According to IMAMURA (1959) and YOSHIMURA (1961) the
Koyama limestone Group (560 m+) yields Plectogyra faunule in the lower forma-
tion, and the Clisiophyllum awa faunule and the Fusulinella faunule in the lower
part of the middle formation. KANMERA and OTA* also found the zones of
Millerella, Profusulinelle and Fusulinelle in the lower and middle parts of the
Nakamura limestone [Swi 45] in the northern part of the Oga plateau which is
regarded by KOBAYASHI as a whole as Permian. Although no species have been
described it is noted that the zone of Fusulinella is directly overlain by the zone
of Pseudoschwagerine in the Koyama and the Nakamura limestone as well as in
the Kodani Formation of Atetsu plateau.

4, Taishaku plateau

The Upper Paleozoic rocks of the Taishaku area [Swib9] were formerly
studied by HANZAWA (1941) and FuJiMoro (1943), and FuJiMoTO and HARA
(1951). FuJimoto reported 51 species of 17 genera from 61 localities although
none of them has been described. He recognized six fossil zones, the lower second
of which was assigned the zone of Fusulinella, yielding Profusulinella rhomboides
(LEE et CHEN), Fusulinella bocki MOLLER, Eoschubertella obscura (LEE et CHEN),
Fusiella aff. typica LEE et CHEN, and Ozawainella angulata (COLANI). YOKOYAMA
(1959) also recognized the development of the zone of Fusulinelle in this area in
his recent studies. He divided the Carboniferous Taishakugawa Group into two
formations, the lower Dangyokei [Swi 60] and the upper Eimyoji [Swi 59], the
upper part of the latter was referred to the zone of Fusulinelle. On the other
hand FuJsimotro and Ico (1958) further divided the upper division into the
Eimyoji and the Taishaku Formation.

5. Akiyoshi plateau

The Akiyoshi limestone Group [Swi 100] is easily one of the best displays of
the zone of Fusulinelle in Southwest Japan. TORIYAMA’s biostratigraphical study
(1954) on this group shows that there is a possibility of dividing the Fusulinella
biconica zone of this group into two subzones, the upper characterized by the
association of Fusulinella biconica and Fusulina aliyoshiensis, and the lower by
Fusulinella simplicata.

6. Handa limestone

The Handa limestone [Swi 79], which is located about 25 km northeast of
the Akiyoshi limestone, contains the Fusulinella fauna in its lower part which
was named by KAWANO (1961) Fusulinella eopulchra zonule. It is characterized
by F. eopulchra RAUSER-CHERNOUSSOVA and F. pseudobocki ovoides RAUSER-
CHERNOUSSOVA, with Fusulina sp., all of them have been described by him (1962)
in detail. He correlated this faunule with the Fusulinella biconica zone (Cmp)
of the Akiyoshi limestone Group though there are no common species.

* See footnote of page 63.
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V. Owuter zone of Southwest Japan
A. Shikoku

It is well known that the zonal arrangement of the strata of the Outer zone
of Southwest Japan is well represented in the southern half of Shikoku, where
the formations range from Silurian to Permian, together with Mesozoic rocks of
various ages, display complicated structure in the Chichibu terrain*. In spite
of great efforts by many previous workers, there still remain unsolved problems
concerning the geology of this part of the island. From the micropaleontological
standpoint, our knowledge of the Paleozoic foraminifers is still poor.

Three structural zones (or belts) are generally recognizable in the eastern
part of the Chichibu terrain of Shikoku. The northern one consists of Paleozoic
formations, the central one is that in which Upper Paleozoic rocks and Mesozoic
rocks ranging from Triassic to Cretaceous are repeatedly exposed, being separated
by various types of faults, and the southern one consists of the Sambosan Group
of Pennsylvanian to Triassic age.

According to ISHII et al. (1955) the characteristics of Paleozoic rocks in each
zone are summarized as follows:

Northern zone: The Paleozoics range from Pennsylvanian to Upper Permian
in age. The existence of Upper Permian Yasuba Formation [Swo 64} is charac-
teristic. Structurally speaking, they often display very gentle basin or dome
structure.

Central zone: The Paleozoics range from Penngylvanian to the middle Middle
Permian in age, though partly including Upper Permian. The Lower Permian
Onji Group of conglomeratic facies and the middle Middle Permian Nomura Group
of tuffaceous breccia facies are characteristic of this zone. In structure, the Paleo-
zoics form typical zonal arrangement with mostly northward dip of moderate to
high angles. Deformation and metamorphism seen in the Paleozoics differ in
grade from those in the Mesozoics.

Southern zone: This is called the Sambosan zone in which continuous strata
of chert and limestone are seen. The Paleozoics range from at least the Middle
Pennsylvanian to upper Middle Permian. From the structural standpoint there
is no difference in the grade of deformation and metamorphism between Permian
and Mesozoic rocks as recognized in the field, but not so between Pennsylvanian
and Permian rocks.

The tectonic line (or belt) that divides the northern and the central zone is
called the Kurosegawa tectonic line or the Otaru-Suita tectonic line (SUYARI,
1961), and that which divides the central and the southern zone is the Uonashi-
Kambaradani thrust or the Kambaradani-Iwagai tectonic line (SUYARI, op. cit.).

SUYARI’s recent study (1961) has contributed much to the geology and
paleontology of the Chichibu terrain of Shikoku. Based on the fusulinaceans he
distinguished the following fusulinacean zones in ascending order: Fusulinella-
Fusulina, Triticites, Pseudoschwagerina, Schwagerina, Misellina, Yabeina-Neo-
schwagering, and Lepidoling zones.

* SUYARI (1961) called it the ‘““Tosa structural belt’.
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SUYARI divided his Fusulinella-Fusuline zone into the lower Fusulinella
bocki — F. prolifica and the upper F. hirokoae subzone. Considering the faunal
characteristics, he correlated the lower subzone with the Fusulinella biconica
zone of the Akiyoshi limestone, the greater part of the F. asiatica subzone of
Fukuji and the Itadorigawa Formation of West Shikoku, and the upper subzone
with the Fusulina zone of Yayamadake limestone or the upper part of the
Fusulinella asiatica subzone plus Fusulina zone of Fukuji.

1. Sakuradani area

TORIYAMA (1944) described the Pennsylvanian fusulinaceans collected by
KOBAYASHI from the limestone conglomerate found at Sakuradani [Swo 50],
Tokushima Prefecture. This was named the Sakuradani conglomerate and yields
Ozawainella angulata (COLANI), Fusulinella bocki MOLLER, F. colanii (LEE et
CHEN), F. compressa (0OzAwA), Fusulina konnoit OZAWA, F. lanceolata LEE et
CHEN. Since all the specimens of these species were found in the pebbles of the
limestone conglomerate, the age of the conglomerate could not be determined
beyond that it was Moscovian or post-Moscovian. However, it has been shown
that the Sakuradani conglomerate is a member of the Middle Permian Hisone
Group developed in the central zone of the Chichibu terrain (SUYARI, 1956, 1958).
ISHII et al. (1953) also reported Fusulinella sp. from Sakuradani which is pre-
sumed to be derived from the Paleozoic rocks of the northern zone.

2. Daigo area

The Daigo Group [Swo 42], with the type locality at the vicinity of Daigo,
Anan city, Tokushima Prefecture, is developed in the southern zone of the
Chichibu terrain. It contains the zone of Fusulinella-Fusulina in the lower part
which was named by SUYARI (1961) the Fusulinella bocki— F. prolifice subzone.
However, in the Daigo Group one of the subzone species, F'. prolifica is unknown.
F. prolifica is a constituent species of the Fusulinella-Fusulina zone of the
Shogase Formation in which it occurs with species of Fusulina. Therefore, most
of the F. bocki—F. prolifica subzone is referable to the zone of Fusulina rather
than to the zone of Fusulinella.

3. Itadorigawa area

IsHIr (1956) carried out detailed biostratigraphical study on the Itadorigawa
Formation [Swo 103] of Ehime Prefecture. According to him the Itadorigawa
limestone of about 22 m thickness is divided into three fossil zones, It,, It,, and
It;. On the order of succession of species of Fusulinelle and Fusulina through
the three fossil zones and on the faunal association in them, ISHII emphasized
the fact that although the fossil zones It, and It; are characterized by the
primitive species of Fusulinella, the intermediate It, is dominated by such
cylindrical form of Fusuline having strong septal fluting as F. kanmerai ISHII,
F. regularis ISHII and F. elliptica IsHII. Having studied this fauna with other
Middle Pennsylvanian fusulinaceans known in Japan, IsuIl (1958) expressed an
opinion that species hitherto regarded as Fusulina can be grouped into two
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genera, namely Beedeina (Fusulina girtyt DUNBAR and CONDRA and its allies)
and Fusuline auct. (Fusulina cylindrica FISCHER de WALDEHEIM and its allies),
and that Fusulina thus defined appeared in the Eurasian realm as early as
Fusulinelle with the stratigraphical range covering at least whole Moscovian
stage, while Beedeina appeared later in the later half of the Moscovian. ISHII's
conclusion is worthy to note and implicative in that the phylogenetical develop-
ment of fusulinaceans cannot be considered without due regard to paleogeog-
raphical development.

B. Kyushu

In Kyushu Islands, rocks referred to the zone of Fusulinells with concrete
paleontological evidence are very few in distribution. In the valley of Kumagawa,
South Kyushu, the Amatsuki Formation [Swo 150] is known to be the Middle
Pennsylvanian in age from which KANMERA (1952) and MATSUMOTO and KAN-
MERA (1964) reported Fusulinello bocki MOLLER, F. sp., Profusulinelle (?) sp.,
Staffella sp., and Chaetetes sp., none of which have been described. The strati-
graphical relationship between the Amatsuki Formation and over- or under-lying
rocks is not known because they are in tectonic contact in field.

Chapter V. The Zone of Fusulina

I. Kwanto massif

In the standard area of the Kannagawa valley, the lower part of the Mamba
Formation [Kw 12] has been inferred by Fusimoro (1960) to cover the Moscovian
and “Uralian”, but there is no paleontological evidence to verify the presence of
the zones of Fusulina and Triticites. The zone of Fusulina has been ascertained
only in the Nakatsugawa area where the Ishifune Formation [Kw 24’] of about
750 m thickness is assumed to be Moscovian in age. The zone of Fusulina which
is found between the zones of Fusulinella and Triticites yields Ozawainelle angu-
lata (COLANI), Staffelle pseudosphaeroidea DOUTKEVITCH, Eoschubertella sp.,
Fusulina (Fusulina) quasicylindrica (LEE), F. (F.) cfr. fava (LEE et CHEN),
Fuslina (Beedeina) cheni 1Go, F. (B.) cfr. girtyt (DUNBAR and CONDRA) and
Fusulinella sp. (FuJimoTo and Ico, 1958).

Besides the above, Fusulina (Beedeina) girtyti (DUNBAR and CONDRA) was
described by FuJiMoTOo from the limestone of Unazawa [Kw 36] which is inter-
calated in the alternation of sandstone and shale of about 200 m thickness in the
Shiromaru Paleozoic zone [Kw 37] of FusiM0TO. The stratigraphical and pale-
ontological remarks on this species were given in the preceding chapter (p.66).
Fusulina cylindrica FISCHER de WALDHEIM was also reported by KOBAYASHI et al.
(1943) from the same locality of Unazawa.

Fusulina (Beedeina) girtyi (DUNBAR and CONDRA), F. (B.) schellwieni
(STAFF) and F. (B.) sp. were found by SAKAGAMI (in FuJiMoT0, MORIKAWA and
FuJivaMa, 1955) near Ome city, southern part of the Kwanto massif, but none
of them have been described.

The Kasama Formation [Kw 2] (1400 m) may, in part, be equivalent to part



76 R. TORIYAMA

of the Kurikian, although no paleontological evidence has been found to support
this statement.

II. Hida massif and Tamba zone
1. Fukuji area

One typical display of the zone of Fusulina in Japan is seen in the Ichinotani
Group [Ht 27] of the Hida massif. Ico (1958) gave a definition of the zone of
Fusulina in this area and regarded the first appearance of the genus Fusulina as
the lowest limit of the zone. According to him there is no stratigraphical hiatus
between the zone of Fusuline and the underlying zone of Fusulinella. I60’s
division and component species are as follows in descending order:

Fusulina (Beedeina) lanceolata — F. (Beedeina) ichinotaniensis subzone: Oza-

wainella angulata (COLANI), Nankinella sp., Staffella sp., Fusiella typica
LEE et CHEN, F. hayashii IGo, F'. inouei 1G0, Pseudostaffella sphaeroidea
(MOLLER), Hidaella kameii FuJimoro and Ico, Fusulina (Beedeina)
lanceolata (LEE et CHEN), F. (B.) cheni 1Go, F. (B.) ichinotaniensis 1Go,
F. (B.) ichinotaniensis rotunda IGo, F. (B.) cfr. girtyi (DUNBAR and
CONDRA), and F. sp.

Fusulina (Fusulina) fujimotoi subzone: Millerella sp., Ozawainella angulata
(COLANI), Fusiella typica LEE et CHEN, FEoschubertella lota (LEE et
CHEN), Fusulinella asiatica 160, F. sp., Fusulina (Fusulina) fujimotoi
Ico, and F. sp. A

Ico pointed out a conspicuous difference between the two subzones stating
that the upper subzone is characterized by the occurrence of various species of
relatively large Fusulina, Pseudostaffelle sphaeroidea, aberrant Hidaella, and
advanced representatives of Fusiella and being entirely void of Fusulinella.

It is also noted that the subzone species of the upper subzone, Fusulina
(Beedeina) ichinotaniensis 1Go, is very similar to F. (B.) akiyoshiensis TORI-
YAMA which is only a single known species of the genus Fusuline in the upper
part of Fusulinella biconica zone of the Akiyoshi limestone Group [Swi 100] of
Southwest Japan.

As Ico stated there is a rather striking difference between the fauna of the
zone of Fusulina of the Hida massif and that of the Yayamadake limestone
[Swo 136] of South Kyushu, even though the two faunas may be equivalent in
age. Therefore IGo is of the opinion that two groups of Fusulina of Hida and
South Kyushu might have been derived from different ancestors, being poly-
phyletic in origin and evolved in parallel.

2. Itoshiro area )

In the Itoshiro area [Ht 70] located in the southeastern part of Fukui Pre-
fecture, KONISHI (1954) described Fusulina sp. A and F. sp. B cfr. F. lanceolata
(LEE et CHEN) with three species of Caninia from the Shimozaisho alternation
of limestone and clayslate (250 m) [Ht 71], referring them to the Moscovian in
age. They are not adequate for detailed paleontological study due to the unfavour-
able state of preservation, but their occurrence is important to verify the existence
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of the zone of Fusulina even in the Hida gneiss terrain.

1G0’s recent discovery of Diphyphyllum cfr. delicutum MINATO and KATO from
the Shimozaisho limestone is a positive, though not decisive, evidence for the
dating of the limestone to the Moscovian.

3. Nvyukawa area

In the central part of the Hida massif the Carboniferous rocks are known
to occur in several separated areas. The Nakahata Formation [Ht 84], consisting
of clayslate and lenticular limestone, is referred by IsomI and NozawA (1957) to
the zone of Fusulina because of the faunal assemblage of Fusulinella cfr. pseudo-
bocki (LEE et CHEN), F. cfr. bocki MOLLER, and Fusulina (Fusulina) cfr. cylindrica
FiscHER de WALDHEIM. Prior to IsoMI and NozAwA, TAXKANO (1951, 1952, 1956)
reported the occurrence of Fusulinella compressa OZAWA, F. acuminate THOMPSON,
F. pseudobocki. (LEE et CHEN), F. furnishi THOMPSON, and F. sp., but none of
them were described. Although it is said that F. acuminata and F. furnishi are
respectively conspecific with the American species, it is noticeable in paleogeog-
raphical consideration if they are truely conspecific. TAKANO correlated them to
the zone of Fusulinella. IsoMI and NozAWA also emphasized the occurrence of a
“peculiar form” of fusulinacean, which is intermediate in shell characters between
Fusulina and Schwagerina, having a rather large shell, thin spirotheca, and strong
septal fluting. According to them the spirothecal structure of this form is
“Fusulinella type” in the early stage of growth but becomes to “Schwagerina
type” at least in the late stage. The true nature of this form is stil not known
since they have not been described in detail nor illustrated yet.

4, Hachiman area

The Akiyama Formation [Ht 417 of the Nohi Group in the southwestern part
of the Hida massif was referred to the zone of Fusulina by KANUMA (1953, 1958,
1959) who described Fusulinella bocki MOLLER, F'. biconica (HAYASAKA), F. cola-
nit LEE et CHEN, Fusulina quasicylindrice. (LEE), and Wedekindellina (?) hidensis
KANUMA. Of these species, the last named one is, as already pointed out by
KANUMA (1954), closely related to Wedekindellina prolifica KANMERA which is
the characteristic species of the Fusulina (Beedeina) higoensis—Wedekindellina
prolifica subzone of the Yayamadake limestone of South Kyushu. However,
KANUMA’s specimens are so insufficient that a more detailed comparison is not
advisable here, though there is a possibility that these two species are conspecific
with each other.

5. Akasaka area

Although the Otaki Formation [Ht 62], developed about 5km west of
Akasaka, was referred by Isom1i (1955) to the zone of Fusulinella, KANUMA,
TAKAHASHI and MorI (1961) have recently stated that the formation contains
the zone of Fusulina in its lower part. According to them, Wedekindellina (?)
hidensis KANUMA occurs with Fusulinella sp. in the blue grey limestone which is
about 40 m in thickness. The joint authors are of a quite different opinion from
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IsoMI’s result on the stratigraphical relationship between the Otaki Formation
and the overlying Oishi Formation [Ht 63] of Lower Permian.

6. Imajo area

The Imajo Formation [Ht 85] of the Nanjo Group developed in the western
part of the Hida massif may be inferred to be equivalent to the zone of Fusulina.
Although the formation, consisting of chert 300 m in thickness, is barren of
fossils, the underlying Yuo Formation is probably a representative of the zone
of Fusulinella, yielding F. bocki MOLLER in the limestone which is intercalated
with the alternation of sandstone and shale.

ITI. Outer zone of Southwest Japan
A. Kii peninsula

As will be mentioned in Chapter VII, the Aso-Gokasho area in the eastern
part of Kii peninsula was studied from the structural viewpoint by KIMURA
(1957) who distinguished three facies in the Paleozoic in this area. The for-
matons referred to as the Ogawago facies in the Ryusenzan area and the Ichinose
facies in the Kirihata area [Swo 10] contain Middle Carboniferous fusulinaceans.
KiMURA (1957) and I1zukaA (1928) respectively reported Fusulina sp. from the
northeast of Iseji and “Fusuline” sp. from the southeast of Funakoshi, both in
the Ryusenzan area [Swo 13]. KIMURA also reported Wedekindelline (?) sp. and
Fusulinelle sp. from the Kirihara area [Swo 10]. Since none of these species
have been described, its paleontologic characteristics are unknown. The strati-
graphic relationship between the zone of Fusulina and zone of Pseudoschwagerina
in these areas is also not clear.

B. Shikoku
1. Eastern part (Kamodani area)

The Daigo Group [Swo 42], consisting of the alternation of sandstone and
shale, along with intercalations of schalstein and limestone, is developed in the
southern belt of the Chichibu terrain of Tokushima Prefecture. SUYARI (1961)
referred the Daigo Group to his Fusulinella-Fusuling zone, the upper half of
which, the Fusulinella hirokoae subzone, comprises F. hirokoae SUYARI, F. colaniae
meridionalis RAUSER-CHERNOUSSOVA, F. schwagerinoides (DEPRAT), F. sp., Fusu-
lina (?) sp., and Fusulina (Beedeina) higoensis KANMERA. SUYARI believes that
the Fusulinello—Fusulina zone of Shikoku is equivalent to the middle upper part
of the Oklan of North America or of the Moscovian of Russia. It should be noted
that the Fusulinella hirokoae subzone is, judging from its faunal contents, seem-
ingly corresponding to the lower part of the zone of Fusulina found in South
Kyushu and Hida massif. It is not known whether the alternation of sandstone
and mudstone of at least 100 m thickness in the upper part of the Daigo Group
is equivalent to the upper part of the Kurikian.

2. Central part (Ino area)
The Carboniferous rocks called the Shogase Formation [Swo 70] (KATTO
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and KAwaAsawa, 1958) sporadically occur in the northern zone of the Chichibu
terrain in the central part of Kochi Prefecture. At the type locality, according
to SuYARI (1961), the formation consists of dark purple to green tuff with inter-
calation of limestone lenses of about 10 m thickness. SUYARI (1961, 1962) stated
that the zone of Fusulina is present in the lower part of the Shogase Formation
which is developed as small outcrops in the area covering parts of northwestern
Ino-cho, eastern Tosa-Yamada-machi, and northern Sakawa-machi. He described
Fusulinella prolifica THOMPSON and two indeterminable species of Beedeina as
the elements of the Fusulinella~Fusulina zone of the Shogase Group. If his
identification is correct, the occurrence of Fusulinella prolifica THOMPSON is
worthy to note. The said species was originally described from the Atoka Forma-
tion of Oklahoma, and it has never been reported from the Tethysian realm
including Japan.

Besides the type locality, the Shogase Formation is known at several other
places, but it is always in fault contact with the surrounding rocks, resulting in
that the stratigraphical relationship between the Shogase Formation and the
over-lying formation is not known, though SUYARI presumed a disconformity
beiween the Shogase Formation and the Sakamotozawan Kameiwa Formation
[Swo 22].

Besides the above, Fusulina (Beedeina) lanceolata (LEE et CHEN) was
described by TORIYAMA (1944) from the limestone pebbles of the Sakuradani
conglomerate [Swo 50], but the specimens are so poor in preservation and
insufficient in number that further comparison is difficult. Moreover, as already
stated in the preceding chapter, the Sakuradani conglomerate is not Carboniferous
in age but is a member of the Permian Hisone Group.

C. Kyushu

The Yayamadake [Swo 136] of South Kyushu, the type locality of the
Kurikian “Series”, was studied in detail by KANMERA (1952) who divided the zone
of Fusulina* of Yayamadake limestone into three subzones; the lower Staffella
pseudosphaeroidea subzone of at least 20 m thickness characterized by Staffella
pseudosphaeroidea DOUTKEVITCH, Fusulinella sp. (a form resembling F. pseudo-
bocki (LEE et CHEN)) and Nankinelle sp.; the middle Fusulina (Beedeina)
higoensis subzone of about 50 m by F. (B.) higoensis KANMERA and Wedekindel-
lina prolifica KANMERA ; and the upper Fusulina ohtanii subzone of about 30—40 m
by F. ohtanii KANMERA and Fusulinella gracilis KANMERA in its lower part and
Fusulina kurikiensis KANMERA in its upper part. All the species mentioned
above were fully described and illustrated by KANMERA.

The species of Fusulina which characterise the zone of Fusulina of the
Yayamadake limestone are entirely different from those hitherto known in the
Moscovian rocks of Japan—F'. quasicylindrica (LEE), F. konnoi OZAWA, F. (B.)

* KANMERA defined the zone of Fusuline as ranging from the first appearance of spe-
cies of Fusulina to immediately beneath the first appearance of species of Triticites;
so thus defined, the zone of Fusulina of the Yayamadake limestone is considered to be
the middle and upper parts of the zone of Fusulina.
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akiyoshiensis TORIYAMA, F. (B.) lanceolate (LEE et CHEN), etc. Yayamadake
species are more advanced in development than the latters. According to KANMERA
Fusulinella gracilis is the most advanced form for the genus.

KANMERA correlated the zone of Fusuline of the Yayamadake limestone
with the upper Desmoinesian of North America or with the upper Moscovian of
Russia. It should be noted that the zone of Fusulina is covered by the zone of
Triticites with a presumed unconformity. It is known that in North America
the stratigraphical distribution of the genus Fusulinelle ranges from the upper
half of the Atokan to the lower half of the Desmoinesian. The occurrence of
Fusulinelle gracilis in the upper part of the zone of Fusulina in the Yayamadake
limestone, which is equivalent in age with the upper half of the Desmoinesian,
is therefore important in the consideration of the stratigraphical range of the
genus Fusulinella in Japan.

The Futami Formation [Swo 1457 (100 m) occurs in the Futami area, south-
west of Yatsushiro city with a limited distribution. It consists mainly of highly
cleaved slate, with thin beds of very fine-grained sandstone in the lower part and
a limestone lens and chert bed in the middle. The limestone lens yields Fusulinella
kanmerat IsHII*, F. sp. and Chaetetes, and is referred to the lower part of the
Kurikian (MATSUMOTO and KANMERA, 1952, 1964).

Chapter VI. The Zone of Triticites

The fusulinacean zone, here designated the zone of Triticites, is equivalent
to the Kawvian of North America and to the C; of Russia including the “Schwa-
gerina horizon”.

Before 1951 it was believed that the zone of Triticites or the so-called
“Uralian” formation was not present in the Upper Paleozoic rocks of Japanese
islands in spite of the fact that there is no apparent physical break between the
zone of Fusulinella and the overlying Permian zone of Pseudoschwagerina. In
1951, KANMERA, KANUMA, and FuJsimoTo and KAwWADA independently discovered
the zone of Triticites in the Yayamadake limestone [Swo 136] of South Kyushu,
the Ichinotani Group [Ht 27] of the Hida massif, and the Omi limestone [Ht 1],
respectively. KANMERA proposed the Hikawan Stage for the time-rock unit
representing the zone of Triticites in Japan.

I. Kitakami and Abukuma massifs

Although the Kitakami massif is the standard area of the Upper Paleozoic
of Northeast Japan, rocks of the Hikawan age have never been found there. The
significance of the pre-Sakamotozawan unconformity has been emphasized by
MiNATO (1942) and his collaborators repeatedly. After studying the type
locality of the Kitakami massif, MoORIKAWA (1953) insisted that the Upper
Carboniferous zone of Triticites exists in the Kanokura valley [Ka 29]. How-
ever, the fusulinacean species of this “Triticites zone” are seemingly not the

#* This species was listed as Fusulina cfr. konnoi OZAWA in MATSUMOTO and KAN-
MERA (1952).
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Upper Carbonferous element, but are presumed to be the component of the
Permian zone of Pseudoschwagering.

II. Kwanto massif
1. Okuchichibu area

Two years after the first discovery of the Hikawan zone of Triticites in
Japan, MORIKAWA (1953) found the Triticites fauna, in which no species of
Pseudoschwagerine nor of Pseudofusulina are present, from Mujinazawa valley
[Kw 22] of the Kwanto massif. Because of its primitive aspect in shell structure,
he compared it with the Hikawan faunas of the Yayamadake limestone [Swo 136]
of South Kyushu and of the Oppara Formation [Ht40] of the Hida massif,
concluding that it is of the “Uralian” age. The Triticites fauna of Mujinazawa
valley contains 7. nakatsugawensis MORIKAWA, T. nakatsugowensis hemmii
MoORIKAWA, and T. uemurai MORIKAWA, along with T. kagaharensis FUJIMOTO
and T. cfr. plummeri DUNBAR and SKINNER, the latter three species of which have
long been known to occur in the Lower Permian of the Kwanto massif. Consider-
ing this confusion, MiNATO (1955) expressed an opinion that it would be prema-
ture to give a final conclusion as to the age of this fauna. In addition MORIKAWA
and KAwApA (1953) obtained T. nakatsugawensis together with Pseudoschwa-
gerina muoungthensis (DEPRAT) and Quasifusulina longissima (MOLLER) from
Maemonkura valley which is located about 4km NE of Mujinazawa [Kw 22],
the type locality of T. nakatsugawensis. Accordingly, the said species may
perhaps be Hikawan in age, but it may still be possible to assign it as an element
of the Lower Permian Sakamotozawan. If the Triticites fauna of Mujinazawa
is Hikawan as MORIKAWA considered, 7. nakatsugawensis has a long stratigraph-
ical range from the Hikawan to the Sakamotozawan.

2. Futagoyama area

Other Hikwan fusulinaceans have recently been found in the Futagoyama
limestone [Kw 201, 7 km southwest of Mamba by TAKAOKA (1966) who described
the following species in the Triticites zone: Triticites ozawai TORIYAMA, 7.
samaricus RAUSER-CHERNOUSSOVA, 7. wemurai MORIKAWA, T. kawanoboriensis
Fusimoro, T. noinskyi RAUSER-CHERNOUSSOVA, T. yayomadakensis KANMERA,
Quasifusulina longissima (MOLLER), Rugosofusulina serrata RAUSER-CHERNOUS-
sova, and Pseudofusulina futagoensis TAKAOKA. It is noted that some of these
species are rather typical in the lower Sakamotozawan of other areas. In fact,
TAKAOKA mentioned that Quasifusuline longissima, Triticites noinskyi, T. yaya-
madakensis, T. ozawai, and Pseudofusulina futagoensis are also found in the
Pseudoschwagering zone, and he presumed that the Triticites and the Pseudo-
schwagerina zone are of conformable relation in the Futagoyama limestone.
The same remark expressed by MINATO in the above paragraph also pertains to
this fauna of Futagoyama.

* MORIKAWA’s fig. 20 (axial section) and fig. 21 (sagittal section) may not be con-
specific with each other. He had some doubts concerning his identification of this
species.
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3. Toriashi massif

The Nanaai Formation [Kw 1] of the Toriashi Group, consisting chiefly of
alternation of sandstone and shale, is developed to the north of Kasama. Accord-
ing to KAWADA (1953) this formation attains a thickness of 4000-5000 m, but is
barren of fossils. However, since the underlying Kasama Formation is inferred
to be of the Moscovian, it is not improbable that the Nanaai Formation may
contain the Kurikian and/or the Hikawan.

III. Hida massif and Tamba zone

1. Omi limestone

FuJimoto and KAwApa (1951) found the zone of Triticites in the Omi lime-
stone [Ht 1] which is one of the classical localities of the Japanese Paleozoic.
The stratigraphy of this area was later studied in some detail by KAwapa (1954)
and FuJita (1958). KawADA listed the following species as the constituent of
his Cg, Triticites zone: Triticites kagaharensis FUsiMoro, T. minimus (SCHELL-
WIEN), T. skinneri THOMPSON, T. milleri THOMPSON, T. subventricosus DUNBAR
and SKINNER, T. simplex (SCHELLWIEN), T. montiparus [EHRENBERG (MOLLER) ],
Quasifusuling longissima (MOLLER), Schubertelln mexicana THOMPSON, Fusuli-
nelle biconica (HAYASAKA), and F. bocki (MOLLER), whereas FUJITA only listed
T. millert THOMPSON®*, T. minimus (SCHELLWIEN), and 7. cfr. kagaharensis
(Fusimoto). Of these species T. simplex, kagaharensis, montiparus, and Quasifu-
sulina longissima are Permian Sakamotozawan element in other areas in Japanese
Paleozoic rather than being Hikawan in age. Therefore there is no positive
evidence for denying that KaAwapa’s C3 and FuJjita’s C; are of Permian age nor is
there definite evidence supporting that they are of the Hikawan. In the writers’
opinion the first choice is seemingly more reasonable. Ico (1958) also pointed out
that KAwADpA’s C8 is not Hikawan, but the greater, if not the whole, of C3 should
be referred to the Lower Permian. One must pay attention to the coexistence of
the North American elements and the Tethysian elements. If KAWADA’s identifica-
tion is correct, mixture of both the elements is worthy to note in the paleogeog-
raphical consideration in Carboniferous-Permian times. Two species of Fusuli-
nella listed by KAWADA are seemingly derived fossils.

2. Hachiman area

KaNuMA (1951) first discovered the zone of Triticites in the Oppara Forma-
tion [Ht40] which is of conformable relation with the underlying Akiyama
Formation {Ht 41] of the zone of Fusulina and with the overlying Okumyogata
Formation [Ht 42] of the zone of Pseudoschwagerina. According to KANUMA
(1958) ** the Oppara Formation is divided into two subzones; the lower Triticites

* T. millert THOMPSON is a synonym of 7. cullomensis DUNBAR and CONDRA (DUNBAR
and HENBEST, 1942)

** In his first report of stratigraphy he listed the following species from the Oppara
Formation: Triticites pygmaeus DUNBAR and CONDRA, 7. cullomensis DUNBAR and
CONDRA, T. montiparus (MOLLER), T. sp., Fusulina sp., Fusulinelle sp., and Eoschu-
bertella sp. It is not clear why all of the species do not appear in his second report
of stratigraphy.
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opparensis subzone with T. opparensis KANUMA, T. opparensis longiformis
KANUMA, T. idrasensis KANUMA, Quasifusuling longisstime (MOLLER), and
Schubertella kingi DUNBAR and SKINNER, and the upper Triticites kiyomiensis
subzone with Triticites kiyomiensis KANUMA, T. nakatsugawensis MORIKAWA,
T. opparensis KANUMA, T. opparensis longiformis KANUMA, Quasifusulina sp.,
and Schubertelle kingi DUNBAR and SKINNER. KANUMA correlated the Oppara
Formation with the Hikawan Stage of South Kyushu, the lower part of the C3
zone of the Omi limestone, and with the Triticites limestone of Mujinazawa of
the Kwanto massif.

3. Fukuji area

In the Fukuji area, central part of the Hida massif, one can see one of the
best displays of the Hikawan rocks in this country within the Ichinotani Forma-
tion [Ht 27]. The zone of Triticites of this area was named Triticites exsculptus—
T. hidensis zone. The following species of this zone have been described by Ico
(1957) :  Quasifusulina longissima (MOLLER), Triticites exsculptus Ico, T. ex-
sculptus naviforme 1Go, T. hidensis 160, T. saurini Ico, T. sakagamii Ico, and
T. sp. A. From the faunal aspect he correlated 7. exsculptus ~ T. hidensis zone
with the Hikawan Stage of South Kyushu and with the Oppara Formation stated
above. In his first report (1956) of stratigraphy, however, he expressed an
opinion that the 7. exsculptus — T. hidensis zone may be correlative with a part of
the upper Hikawan which is, as KANMERA (1952) stated, presumed to be lacking
in the Yayamadake limestone of South Kyushu. It is emphasized that the
T. exsculptus — T. hidensis zone is overlaid by the Pseudoschwagerina morikawai
zone without any physical break. 1o also pointed out the possibility of regarding
the prolific Triticites fauna found in the lower part of the zone of Pseudoschwa-
gerina of the Hida massif as the transitional fauna from the Carboniferous to
the Lower Permian.

4. Imajo area

The Takura Formation [Ht 81], the uppermost division of the Nanjo Group,
is presumed to be the Upper Carboniferous (Isomi, 1955). However, it is barren
of fossils and its stratigraphical position has not been exactly determined.

5. Ibuki massif

As already stated in the preceding chapter, the Otaki Formation [Ht 627,
which was regarded by IsoMI (1955) as a representative of the zone of Fusuli-
nella, is assumed to be a continuous sequence ranging from the zone of Fusuli-
nella—Fusuling to that of Pseudoschwagerina (KANUMA, TAKAHASHI and MORI,
1961). According to the joint authors, the limestone of about 60-70 m thickness
contains the zone of T'riticites in its middle part, yielding T. opparensis KANUMA
and T. kiyomiensis KANUMA. It is noteworthy that the Carboniferous and the
Permian are of conformable relationship in this area as well as in the Oppara
and the Fukuji areas.
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IV. Outer zone of Southwest Japan

A. Kii peninsula

KUSAKABE and MIYAMURA (1958) reported the occurrence of the zone of
Triticites in the Upper Paleozoic rocks developed in the southern part of Ise city,
Mie Prefecture. According to them the zone of Triticites in this area, consisting
of alternaton of sandstone and shale of about 560 m thickness with lenticular
limestone lens [Swo &, Swo 13’], yields Triticites nokatsugawensis MORIKAWA,
T. yayamadakensis KANMERA, T. matsumotoi KANMERA, T. kawanoboriensis
FuJimoro, and T. uemurai MORIKAWA, all of which are typical Hikawan represen-
tatives except for T. kawanoboriensis which is known in the Sakamotozawan rocks
of South Kyushu and other areas.

B. Shikoku

Although the Hikawan rocks had not been found in Shikoku Island for a
long time, ISHII et al. (1957) found Triticites—Fusulina faunule in the limestone
of the Notzu Formation [Swo 76] which is developed in the northern belt of the
Chichibu terrain in Kochi Prefecture. However, this faunule is only comprised
of new species of Fusulina and indeterminable ones of Triticites which have not
yet been described, hence its faunal characteristics are unknown. Judging from
the pattern of distribution, the Notzu Formation is the same as the Shogase
Formation defined below by SUYARI (1961, 1962).

The Shogase Formation [Swo 70] developed in the northern kelt of the
Chichibu terrain, consists of dark purple to green tuff with limestones of about
10 m thickness. The upper part of this formation was designated by SUYARI as the
zone of Triticites, constituent species of which are T. cfr. rhombiformis Rosov-
SKAYA and 7. yayamadakensis KANMERA. The Shogase Formation is overlain
unconformably by the Kameiwa Formation of Lower Permian in some places, but
it is in tectonic contact with the super- or subjacent formation in others.

The Miyanokuchi Formation [Swo 61] is present in the central belt of the
Chichibu terrain, consisting of alternation of sandstone and mudstone (100 m+),
chert (10 m+), oolitic limestone (30 m) and mudstone (100 m+). SUYARI de-
scribed Quasifusulina longissima (MOLLER), Q. cfr. longissima compacta (LEE),
Triticites matsumotor kattoi SUYARI and T. matsumotoi suitaensis SUYARL. Al-
though there is no common faunal assemblage with the Shogase Formation,
SuvARI correlated the Miyanokuchi Formation with the upper half of the Shogase
Formation. The stratigraphical relation between the Miyanokuchi Formation
and over- or under-lying formations is not known.

Yusuhara area

The Tsubonata Formation [Swo 97] was recently proposed by ISHIZAKI
(1962) and is distributed in the environs of Yusuhara-cho, Kochi Prefecture,
which belongs to the northern belt of the Chichibu terrain. Indeterminable
species of Quasifusulina? and Triticites were reported by NAKAGAWA et al. (1959)
and ISHIZAKI referred the Tsubonata Formation to the zone of Triticites. So far
as the fusulinaceans are concerned it is not improbable that the Tsubonata Forma-
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tion is Permian rather than Upper Carboniferous in age. Further investigation
in the future seems necessary for concrete age determination.

C. Kyushu

KANMERA (1952, 1955) divided the zone of Triticites (the middle part of
the Tobiishi Group) of the Yayamadake limestone [Swo 136] into two subzones.
The lower Triticites matsumotoi subzone (100-125 m), which is underlaid by the
Fusulina ohtanii — Fusulinella gracilis subzone with a presumable conformable
relationship, is characterized by T. matsumotoi KANMERA and Quasifusulina
longissima (MOLLER). The former is more primitive than any species of Triticites
known in Japan, resembling 7. whitei RAUSER-CHERNOUSSOVA, BELJAEV and
REITLINGER described from the Upper Carboniferous of Petschoraland of northern
Ural. While in the upper Triticites yayamadakensis subzone the subzone species
is more progressive than T. matsumotoi but more primitive than species of
T'riticites found in the overlying zone of Pseudoschwagerina. Since all the species
found in the Hikawan of the Yayamadake limestone were described in detail by
KANMERA no further discussion is necessary here.

Chapter VII. The Zone of Pseudoschwagerina

I. Kitakami and Abukuma massifs

In the Kitakami massif, the standard area of the Paleozoics of Northeast
Japan, the Permian System in more widely distributed than any other systems.
In the northern part of the massif some older rocks whose geological age had
not been ascertained have recently been identified as being of the Permian age.
However, fusulinacean fossils collected from many localities in the massif were
generally not well preserved and deformed after fossilization. Their specific,
sometimes even generic, identification was often difficult.

The Lower Permian of the Japanese Paleozoic is called the Sakamotozawan
Stage, the type locality of which is the Sakamotozawa [Ka 25] and Nagaiwa
[Ka24] area, Hikoroichi-machi, Ofunato city in the southern part of the Kita-
kami massif.

A. Southern part of Kitakami massif
1. Hikoroichi and Setamai area

The Sakamotozawa Formation in the type locality and its adjoining areas
was studied by ONUKI (1938, 1939, 1956), MINATO (1941, 1942), MORIKAWA
(1953), MINATO et al. (1954, 1959, 1964), YAMADA (1955) and others mostly from
the biostratigraphical viewpoint, and by HANzAWA (1938, 1939), TORIYAMA
(1952), FuJimoTo (1956), and MORIKAWA (1952) from the paleontological one.
As a result of these studies more than forty species of fusulinaceans were
recorded, although about two-thirds were listed without any description, includ-
ing a large number of undetermined species. The zonation and the correlation
of the type Sakamotozawa Formation based on the lithologic characters rather
than the contained fauna itself, was undertaken by some authors, resulting in



86 R. TorRIYAMA

conclusions not necessarily in sufficient agreement with one another. This was
partly due to ambiguity on the stratigraphical distribution and assemblage of
species and partly to the insufficient information on the described species most of
which were in an unfavorable state of preservation.

Recently however, MIKAMAI (1965) and KANMERA and MIKAMI (1965) have
made a great contributions towards clarifying not only the zonation but also the
sedimentary features of the type Sakamotozawa Formation based on the detailed
micropaleontologic and sedimentologic studies. They gave a full account of the
stratigraphy and zonation and discussed at length the correlation of the Saka-
motozawa Formation with other Lower Permian formations of Japan and other
countries. The following is their scheme of zonation:

Pseudofusulina ambigua zone
Upper Subformation {Sd (30-40m){ Pseudofusulina fusiformis zone

Sc  (65-60m) Pseudofusulina vulgaris (s.l.) zone
unconformity

Sb, (35-55m)

Sb, (55-80m) Monodiexodina langsonensis zone

Sb; (80-35m) Zelliea nunosei zone

Sa (35-50m)

Lower Subformation

As they mentioned, it is noted that the Sakamotozawa Formation does not
have the basal Permian. In other words, the basal member (Sa) of the formation
probably does not extend down as low as the basal part of the Triticites simplex
zone of Akiyoshi or the corresponding Pseudoschwagerina morikawai zone of the
Kuma massif. The upper limit of the Sakamotozawa Formation, on the other
hand, is well defined by the top of the Pseudofusulina ambigua zone which is
correlated with the same zone of Akiyoshi and P. kraffti magna zone of Atetsu.
Thus the Sakamotozawa Formation in the type area ranges from a horizon some-
what higher than the base of the Permian up to the Pseudofusulina ambigua zone.

2. Kesennuma area ,

The Kesennuma area [Ka 417, located to the south of the standard area, is
also a classical locality in the Paleozoic stratigraphy and paleontology of Japan.
Corals, pelecypods, gartropods, brachiopods and trilobites were found there by
JIMBO early in 1887, and later Michelinia (Protomichelinia) multitabulata was
described by YABE et HAYASAKA (1915) with Axophylloides rikuzensis YABE et
HAYAsAKA. The stratigraphy of this area was clarified by SHIIDA (1940) who also
found many species of fusulinaceans, corals, brachiopods, and bryozoa, some of
which are of the Nabeyaman age rather than the Sakamotozawan. KAMBE and
SHIMAZU (1961) also reported Pseudofusulina kraffti (SCHELLWIEN) and inde-
terminable species of Pseudofusulina, Parafusulina, Schwagerina, and Schubert-
ella from eleven localities in the Kesennuma area. It may be that the above
faunal assemblage indicates the upper Sakamotozawan age.

3. Hitokabe area (Northwest of the Setamai area)
The Tochu Formation (900 m) [Ka 20] in the Yonesato and Kotomo areas
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has been proven by paleontological evidence to be the Sakamotozawan (HIROKAWA
and YosHIDA, 1954). The formation consists mainly of clayslate and limestone
with conglomerate (30 m in thickness) at the base. According to HIROKAWA
and YosHIDA, the calcareous conglomerate in the lower part yields Pseudoschwa-
gerina sp. and Pseudofusulina vulgaris (SCHELLWIEN), and the greyish-white
limestone interbedded in a little upper horizon comprises Schwagerina sp., Wen-
tzelella timorica (GERTH) and indeterminable species of bryozoans. The Tochu
Formation is, as a whole, coeval with the Sakamotozawa Formation of the type
area with a possibility of having a part equivalent to the lower part of the
Kanokura Formation. It is noticeable that the basal conglomerate of the Tochu
Formation unconformably overlies the Shiba Formation of the Onimaruan or
directly covers the Yonesato Formation of Lower Carboniferous.

4, Maiya area

Since the Maiya area [Ka 44] is one of the most important areas in the study
of the Permian of the Kitakami massif, the stratigraphy and paleontology of this
area have been studied by many workers. According to recent works of ONUKI
et al. (1960) and CHISAKA (1962), the Permian of Maiya area is divided into the
Nishikori, Rodai, Tenjinoki, Yamazaki, and Toyoma Formations in ascending
order, the first of which is referred to the zone of Pseudoschwagerina.

The Nishikori Formation (50-80 m) [Ka 43] consists largely of dark grey
bedded limestone with intercalations of sandstone and black slate, and yields
fusulinaceans together with corals, bryozoans, brachiopods and trilobites. CHI-
SAKA described the following fusulinacean species which are a little different from
those listed by ONUKI et al. from the same formation: Pseudoschwagerina
schellwieni HANZAWA, Pss. (Zellia) nunosei HANZAWA, Nipponitella explicata
HANZAWA, N. auricule HANZAWA, N. expansa HANZAWA, Pseudofusulina yubano-
sawensis CHISAKA, Psf. tschernyschewi (SCHELLWIEN), Psf. popoensis CHISAKA,
and Psf. kraffti (SCHELLWIEN). Due to the intense folding and faulting, the
base of this formation is not known in the field, and CHISAKA presumed that the

lowest part of the zone of Pseudoschwagerina is not presented in the Nishikori
Formation.

UeEpA (1963) presently believes that the Rodai and Nishikori Formations
cannot be separated as lithologic unit and he combined the two formations into
his “Nishikori Formation”. Ico (1964), who studied the type locality of Pseudo-
schwagerina (Robustoschwagerina) schellwieni HANZAWA and described the
species, also considers the Nishikori Formation to be a part of the richly cal-
careous facies of the Rodai Formation and not distinguishable from it. This
species ranges from the upper part of Pseudoschwagerina zone up to the lower
part of Parafusuling zone.

As a whole our knowledge concerning the fusulinaceans of Kitakami massif
was not enough until KANMERA and MIKAMI'S work on the fusulinaceans of
the Sakamotozawa Formation appeared in 1965. The following was the only
previously available information: HANZAWA’s reports of 1938 on three species of
the aberrant genus Nipponitella and of 1939 on two species of Pseudoschwagerina,
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TORIYAMA’s paper of 1952 on sixteen species of schwagerinids and neoschwageri-
nids, and FuJIM0T0’s report of 1956 on ‘“Parafusulina matsubaishi*”’. Besides
these works, MORIKAWA (1952) described three species of Fujimotoella from the
limestone referred to the Sashizawa Stage in the Sakamotozawa valley [Ka 25],
the type locality of the Sakamotozawan. However, his illustration shows that all
his specimens from which the genus Fujimotoella was established are extremely
deformed and very poorly preserved. They are perhaps elongated specimens of
some species of Parafusulina or of Pseudofusuline which might have had a
rather strong septal fluting before they were deformed and elongated. Such
being the case, the genus Fujimotoella should be invalidated to avoid future
confusion.

B. Northern part of the Kitakami massif

In this part of the massif Permian rocks are known to occur in several
areas whose stratigraphy has been well reviewed by ONUKI (1956). According
to him the Permian of the northern type is lithologically and areally divided into
three parts which are characterized by the predominance of schalstein, chert, and
alternation of limestone, schalstein and chert, respectively.

The Tsuchikura Formation (700-1000 m) [Ka 14] in the Kamaishi mine
area [Ka 11] consists mainly of the so-called “schalstein” derived from andesitic
lava and tuff. The upper part of the formation is contemporaneous hut different
in facies with the lower part of the overlying Kasshi Formation. They are
sometimes interfingering each other. Although there is no paleontological evi-
dence, the Tsuchikura Formation is supposed to be correlative with the Sakamoto-
zawa Formation of the southern part of the massif (ONUKI, 1956).

The thick formation (ca 5000 m) extensively developed around Kamaishi
city is called the Kamaishi Formation [Ka 11] (YosHIDA, 1961) and is a typical
representative of the northern type of Kitakami Paleozoie. It is composed mainly
of clayslate, chert, and their alternation, with a subordinate amount of sandstone,
limestone and schalstein.

YosHIDA and KATADA (1964) reported Pseudofusuline vulgaris (SCHELL-
WIEN), and indeterminable species of Pseudoschwagerina (?), and Codonofusiella
from the limestone lenses cropped out in several localities in Yamada-machi. The
greater part of the Kamaishi Formation is referred to the Sakamotozawan, though
Neoschwagerina sp. has also been known in the upper part of the formation.

The boundary zone between the northern and southern types of Paleozoic
rocks in the Kitakami massif is called the Hayachine tectonic belt (YOSHIDA and
KATADA, op. cit.) which is divided into the schalstein and the phyllite subbelt.
The Kuribayashi Formation [Ka 9] (1500 m), developed in the latter subbelt,
consists of black clayslate and tuffaceous sandstone with intercalations of tuff

* Having studied the specimens collected from Omotematsukawa and other localities
in the southern part of the Kitakami massif, Fusimoto (1956) clarified that the slender
fusulinacean which has long been believed to be Parafusulina wanneri (SCHUBERT) is
different from that species and proposed a new specific name, Parafusulina matsu-
baishi FUJIMOTO. This new species was later transferred to the genus Monodiexodina.
It is not certain that the specimens of “Parafusulina wanneri”’ reported from many
localities in the Kitakami massif are all referable to this species.
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and limestone conglomerate. Although Endothyra sp., Millerella sp. and Litho-
strotionella? sp. have been found in the pebbles of limestone conglomerate,
Pseudofusuling sp. and Pseudoschwagerina sp. have also been obtained in the
matrices. The Kuribayashi Formation is therefore dated to the Early Permian.
(YosHIDA and KATO, 1962; YOSHIDA and KATADA, 1964).

Fusulinaceans have recently been discovered in several localities in the
northern part of the massif, some of which are dated to the Sakamotozawan.
Up to the present the following species are reported: Pseudoschwagerina sp.
trom Omatsu [Ka 15], Kamaishi city, Iwate Prefecture (in HANZAWA, 1954) and
Pseudoschwagerina sp., Nipponitella sp., Schwagerina sp., and Parafusulina sp.
from the limestone monument in front of Toyomane railroad station [Ka 5],
Kamihei-gun, Iwate Prefecture (ONUKI, 1956).

According to YosHIDA (1961) the Nakawada Formation, which is narrowly
distributed north of Omatsu [Ka 15], Kamaishi city, has been proven to be the
Sakamotozawan. It is sandwiched with faults in the Kogawa Formation [Ka 2]
of the Onimaruan, and yields indeterminable species of Pseudoschwagerina,
Pseudofusulina and Lophophyllidium.

C. Abukuma massif

In the Abukuma massif most parts of which are composed of metamorphic
rocks, the Lower Permian rocks are known to occur. Overlying unconformably
the Chaetetes-bearing Tateishi Formation, the Uwano Formation [Ka 53] yields
species of Pseudoschuwagerina, and is regarded as the Sakamotozawan in age.
However no species have been described from this massif. (HANZAWA, 1954).

II. Kwanto massif

As one of the classical localities in the study of the Paleozoic of Japan, the
Chichibu district of the Kwanto massif has long been studied in depth by FuJi-
MoTo and his collaborators and recently by the Chichibu Research Group (1961,
1963). According to the Research group the Upper Paleozoic formations, most
of which are Lower and Middle Permian, display the zonal arrangement in
structure as well as in the Outer zone of Southwest Japan; namely, they develop
in two main terrains, the northern and the southern., There is a considerable
difference in facies between two terrains. The Mamba Group of FUJIMOTO is
the main representative in the northern terrain.

In FuJimoro’s study (1936) the middle part of the Mamba Group [Kw 12]
in the Kannagawa area and the lower part of the Katsuboyama Zone [Kw 43] in
the Katsuboyama area were assigned the Pseudofusulina vulgaris zone from
which the following species were described :

Pseudofusulinag vulgaris (SCHELLWIEN)

Psf. vulgaris globosa (SCHELLWIEN)
Psf. multiseptata (SCHELLWIEN)
Psf. tschernyschewi (SCHELLWIEN)
Schwagerina parvulus (SCHELLWIEN)

S. krotowt (SCHELLWIEN)

S crassiseptata (SCHELLWIEN)

Rugosofusulina prisca (MOLLER)
Triticites montiparus [EHRENBERG (MOLLER)]
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According to FuJimoro, however, the Pseudofusulina vulgaris zone is di-
rectly superposed by the Neoschwagerina craticulifera zone. This implies that
the former zone is ranging upward into the Nabeyaman.

1. Futagoyama and adjacent areas

TAKAOKA (1966) has recently found the Pseudoschwagerina zone in the
Tatorosan, Kanosan [Kw 18], Futagoyama [Kw 21], and Shiraishivama lime-
stones which are arranged in a nearly NW-SE direction along the southern
margin of the northern belt in the Chichibu terrain (Chichibu Research Group,
1961, 1963). The Pseudoschwagerina zone comprises Quasifusuling longissima
(MOLLER), Triticites uemurai MORIKAWA, T. yoyamadakensis KANMERA, T. mase-
kawaensis KANUMA em. TAKAOKA, T. noinskyi RAUSER-CHERNOUSSOVA, T. ozawai
TORIYAMA, T. kagaharensis FUJIMOTO, Pseudoschwagerina orientale FUJIMOTO,
Rugosofusuling serrata RAUSER-CHERNOUSSOVA, Pseudofusulina futagoensis TAKA-
OKA, P. kumasoana KANMERA, P. sokensis RAUSER-CHERNOUSSOVA, P. verneuili
solida (SCHELLWIEN), and Schwagerina cfr. ahlfeldi DUNBAR and NEWELL in the
lower part, and Paraschwagerina (Acervoschwagerina) sp., Schwagerina krotow?
(SCHELLWIEN), Pseudofusulina tanoensis FuJIMOTO, P. santyuensis FUJIMOTO,
P. kanoensis TAKAOKA, P. kraffti (SCHELLWIEN) in the upper part. Since
Quasifusuling longissima, Triticites noinskyi, T. yayamadakensis, T. ozawai, and
Pesudofusulina futagoensis are also known in the Triticites zone which is found in
the same limestone mass, TAKAOKA presumed that no unconformable relationship
exists between the Triticites and the Pseudoschwagerina zone.

2. Nakatsugawa area

MoRIKAWA and KAWADA (1953) studied the Upper Paleozoic of the Nakatsu-
gawa area [Kw 24] and introduced the Iruma Group for the Permian of this
area, the lower part of which is called the Kagemori Formation [Kw 27]. Fur-
ther they divided the formation into the upper Kagemori [Kw 27] and the lower
Rokusuke [Kw 23] Subformation. Although the former is referred to the
Pseudoschwagerinag wongenhaoi zone and the latter to the Pseudoschwagering
cfr. muongthensis zone, no descriptions have been given to the fossil contents.
Subsequently FuJiMoTo and his students (1957) restudied the area and they gave
another stratigraphical name to the Permian of this area. The Ryokami Group
which conformably overlies the Ishifune Group of the Hikawan age, yields
Pseudoschwagerina muongthensis (DEPRAT) in the lower part.

3. Shomaru-toge area

Having studied the Permian rocks of the Shomaru pass [Kw 31] and its
environs, eastern part of the Kwanto massif, MORIKAWA (1955) divided the
Permian into four fusulinacean zones without designating zone species, and
introduced different stage names. He divided the zone of Pseudofusulina (Hana-
giri Stage) into three subzones, the lower of which was correlated with the zone
of Pseudoschwagerina of Russia and regarded as being the Sakmarian in age.
It is certain that MORIKAWA’s lower subzone is referable to a part of the Saka-
motozawan because in his subzone are found Triticites montiparus [EHRENBERG
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(MOLLER) ], T. irregularis (STAFF) and T. contractus (SCHELLWIEN) with frag-
ment of Pseudoschwagerina. However, it is not known to what part of the
Sakamotozawan his lower subzone is referable.

4, Nabeyama area

The Izuru Formation [Kw 5] (200 m) of the Aso Group developed west of
Nabeyama is supposed to be the Lower Permian, main constituent of which is
schalstein probably derived from basic volcanics and tuff. According to FuJi-
MOTO (1961) the Izuru Formation is conformably overlain by the Nabeyama
Formation [Kw 4] of the Nabeyaman and underlain by the Aizawa Formation
[Kw 7] of probably Lower Permian. The Izuru Formation is tentatively referred
to the Sakamotozawan.

The Sano Group was proposed by HATORI (1965) for the Lower Permian of
this area in which the Hata, Yamanaka, Nakazuma, and Aizawa Formations (in
ascending order) are included. Although no paleontological evidences have been
available in this group, HATORI emphasized an unconformable relationship be-
tween the Sano Group and the Tochigi Group of probable Carboniferous.

III. Hida massif and Tamba zone
A. Hida massif
1. Omi limestone

The stratigraphy of the Omi limestone [Ht 1] was studied at some length
by KAwWADA (1954) and FuJiTA (1958). Both of them divided the Permian of
this limestone into the lower P1 and the upper P2 Formation, and there is no
conspicuous difference between the results of KAWADA and FuJjitA. The lower,
P1 is characterized mainly by species of Pseudoschwagerine and Pseudofusulina,
and is named by them Pseudoschwagerina—Pseudofusulina zone. According to
KAwADA species of Pseudoschwagerina and Paraschwagerina are found only in
the lower part of the P1 Formation, whereas those of Pseudofusulina predomi-
nates in the upper part. KAWADA listed the following species in the lower part
of the P1 Formation:

* Eoschubertella mexicana THOMPSON

* Staffella sp.

* Schubertella sp.

* Triticites cullomensis DUNBAR and CONDRA

a simplex (SCHELLWIEN)

skinneri THOMPSON

montiparus [EHRENBERG (MOLLER)]

milleri THOMPSON

kagaharensis FUJIMOTO

minimus (SCHELLWIEN)

cfr. springvillensis THOMPSON, VERVILLE and BISSELL

subventricosus DUNBAR and SKINNER

* T, n. spp. (MS)

* Quasifusulina longissima (MOLLER)
Pseudoschwagerina samegaiensis FUJIMOTO
Paraschwagerina n. sp. (MS)

Pseudofusulina sp.

*

% ¥ X ¥ ¥

¥*
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It is noted that the species with an asterisk are also found in the KAWADA’s
C3 Formation, and that, according to his first report, Fusulinella biconica (HAYA-
SAKA) and F. bocki MOLLER are listed as the elements of the P1 Formation. Since
paleontological study on these species have not been published, it is not advisable
to give more critical discussion here. However, as already noted in the preceding
chapter, there is no positive evidence to support that the C38 Formation of the
Omi limestone is of the “Uralian” age.

The upper half of the P1 Formation is characterized by Pseudofusulina
vulgaris (SCHELLWIEN), Psf. kraffti (SCHELLWIEN), and many species of Pseudo-
fusulina, Schwagerina krotowi (SCHELLWIEN), and Parafusuline sp. Hence it is
likely correlative with the P18 and/or Ply zone of Akiyoshi limestone. It is also
noted that Hayasakaina kotakiensis FuJiMoro and KAawADA, which is regarded
here as a specialized form of Ozawainella, occurs throughout the whole P1
Formation.

2. Fukuji area

In the Fukuji area the upper part of the Ichinotani Group and the lower
formation of the Hirayu Group are correlated with the Sakamotozawan.

KAMED (1952) once found Pseudoschwagering schellwient HANZAWA, Ps. sp.
and Pseudodoliolina sp., together with coral fauna in the lower division of the
Ichinotani Formation (of KAMEI, not of IGo) and he referred this formation to
the Lower and Middle Permian.

Ico (1956, 1957) who studied the Paleozoic of the Fukuji area divided the
Ichinotani Group into the Ichinotani Formation [Ht 27] and the Mizuyagadani
Formation [Ht29]. The former ranges from the zone of Millerella to that of
Triticites and the latter conformably overlies the former. The Mizuyagadani
Formation is designated the Pseudoschwagerina morikawai zone, in the lower
part of which abundant specimens of the following species are obtained:

Schubertella kingi DUNBAR and SKINNER

S. masoni THOMPSON and HAZZARD
Quasifusulina longissime (MOLLER)

Triticites kagaharaensis FUIIMOTO

T. simplex (SCHELLWIEN)

The zone species, Pseudoschwagerina morikawai 160, scarcely occurs in the
lower part, whereas it increases to a remarkable abundance in the upper part of
the Mizuyagadani Formation, associating with Rugosofusuling alping nipponice
Ico and Schwagerina sp. On the contrary the species of Triticites listed above
become few in number. It should be noted that the base of the Mizuyagadani
Formation is characterized by abundant Triticites fauna without any species of
Pseudoschwagerina.

1Go is of the opinion that the Carboniferous and Permian Systems are con-
tinuous in deposition, and that the fusulinacean fauna of the lower part of the
Pseudoschwagering morikawai zone indicates the transitional fauna between the
two systems.
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3. Hirayu area

To the southeast of the Ichinotani area is the Hirayu Group [Ht 30]
which was once regarded by KamEr (1952) as the Middle and Upper Permian
age. Later Ico stated that the Hirayu Group ranges from the Sakamoto-
zawan to the Akasakan and he (1959) discriminated three fusulinacean zones in
this group. The lower zone of Pseudoschwagering is further divided into the
upper Pseudofusulina vulgaris and the lower Triticites kawanoboriensis kaisho-
daniensis subzone. The faunal characteristics of these subzones are respectively
similar to those of the Pseudofusulina vulgaris and the Triticites simplex subzone
of the Akiyoshi limestone Group. It is therefore beyond doubt that the lower
part of the Hirayu Group is the Sakamotozawan and is contemporaneous but
different in facies with the Mizuyagadani Formation of the Ichinotani Group.
All the important species of the zone of Pseudoschwagerina of the Hirayu Group
including Pseudoschwagerina (Robustoschwagerina) schellwieni HANZAWA were
described by Ico (1959, 1964) in detail to which no further discussion is added.

4. Nyukawa area

To the east and northeast of Takayama city, the Paleozoic rocks are developed
in three separated zones, which were studied first by TAKANO (1951, 1952) and
later by IsoMI and NozawA (1957). According to the latter, the Sakamotozawan
rocks which are called the Nyukawa Group [Ht 31-37] are found only in the
southern zone, the middle one-third of which (Isom1 and NozAwA’s N, Formation)
is composed mainly of schalstein and a number of limestone lenses. From
thirteen localities they reported various species including Acervoschwagerina
endoi HANZAWA, Pseudoschwagerina cfr. schellwieni HANZAWA, Pseudofusulina
cfr. fusiformis (SCHELLWIEN and DYRHENFURTH), Psf. cfr. japonica (GUMBEL),
Psf. cfr. vulgaris (SCHELLWIEN), Psf. ambigua (DEPRAT), Schwagerina cfr.
tschernyschewi (SCHELLWIEN), Misellina cfr. aliciae (DEPRAT), and Neoschwa-
gering cfr. simplex OzAWA. IsoMI and NoZAwA are of the opinion that these
fusulinaceans range from the upper half of the zone of Pseudoschwagerina to
the lower part of the zone of Parafusulina. It should be noted that Acervoschwa-
gerina or Pseudoschwagerina sp. occurs together with Misellina cfr. aliciae
(DEPRAT).

Ico (1964) has recently described Pseudoschwagerina (Robustoschwagerina)
hidensis from the lower part of the Parafusulina zone of the Nyukawa Group,
giving an account of the stratigraphical range of the genus Pseudoschwagerina
and its allies which is in harmony with that given by IsoMI and NOzZAWA.

Taking account of the sedimentological consideration of carbonate rocks, IGo
(1960, 1964) restudied the Nyukawa Group in detail and classified three sedi-
mentary areas. According to facies differentiation different formational names
were given to each stratigraphical sequence of three areas.

The western area (Gombo area [Ht 86]) was an environment of open shallow
gea in which intense submarine voleanism took place. In the late Sakamoto-
zawan time “Shiroi bank” was formed (Shiroi Formation [Ht35]) and was
inhabited by various kinds of organisms. Acervoschwagering endoi HANZAWA,
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Pseudofusulina hexagonaria 1o and P. tschernyschewi (SCHELLWIEN) were the
typical representatives of the fusulinacean in this environment. Thus the Pseudo-
fusulina hexagonaria—Acervoschwagerina endot zone has been designated to the
Shiroi Formation. IGo correlated this zone with that ranging from the upper
Sakamotozawan to the lower Nabeyaman.

The Sote Formation [Ht 32], which consists mainly of black shale with black
sapropelic limestone, has characteristic feature which suggests shallow embay-
ment. The “Sote Sea” was named by IGo to this embayment where many kinds
of organisms also flourished. Pseudoschwagering hidensis 160 was predominant
in the lower part of the Sote Formation and Acervoschwagerina endoi HANZAWA,
Pseudofusulina parakraffti 160 and Misellina claudiae (DEPRAT) were in the
middle part (upper Sakamotozawan).

The eastern area had geosynclinal environment and the main constituent is
a typical graywacke with various kinds of limestone in many horizons. Pseudo-
fusulina vulgaris and its allies are typical representative.

IGco pointed out that a clear local differentiation is seen in the fusulinacean
assemblage of the same age, which is considered to be the results from the
difference in characteristics of sedimentary environments.

5. Hongo-Arakigawa area

In the Hongo-Arakigawa area, northeast of Takayama city, Upper Paleozoic
rocks are known to occur and were first classified by KAMEI into the Kurahashira
[Ht 20], Hongo [Ht 18], and Kunimiyama [Ht 19] Formations in descending
order. Later, IsoMI and No0zAwA (1957) divided them into the upper Moribu
[Ht 217 and the lower Arakigawa Formation [Ht 22]. The Moribu Formation
(700 m) consists mainly of clayslate with intercalation of sandstone and limestone
and conglomerate at the base. Although no reliable fossils for dating have been
found in this formation, the granitic rock bearing conglomerate of the basal part
is correlated to the Osobudani conglomerate [Ht 28] of the Ichinotani area, and
the Moribu Formation is as a whole regarded as the Permian. IGo (in FUJIMOTO
et al., 1962) believes that the Moribu Formation unconformably covers the
Arskigawa Formation of Lower-Middle Carboniferous.

6. Hachiman area

The geology of the southern part of the Hida massif and the northeastern
part of the Mino massif has recently been studied by KANUMA (1959) in detail.
The Permian rocks of this area develop in three parts, north, central, and south.

The Okumyogata Formation (750 m) [Ht 42] in the northern part and the
Akuda Formation (400m) [Ht45] of central part are referable to the Saka-
motozawan. In the basal part of the Okumyogata Formation Pseudoschwagering
orientale FUJIMOTO occurs with a species of Triticites of much advanced type.
However, in the type section of the formation at Akiyama Pseudoschwagerina
orientale appears in much higher horizon (about 370 m) above the base of the
Permian. In another section at Irasubora, Oppara [Ht 40], Pseudofusulina
utaensis THOMPSON and BISSEL occurs at the horizon 18 m above the base,
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Schubertelle sp. B, Pseudofusulina paracontractus KANUMA and Psf. parvulus
(SCHELLWIEN) 30 m above the base, and Triticites kawanoboriensis FUJIMOTO,
T. onoensis KANUMA, T. subnathorsti (LEE), T. plummeri DUNBAR and CONDRA,
and T. cullomensis DUNBAR and CONDRA 145 m above the base.

It is worthy to note that the limestone of about 25 m thickness at O-irasubora
is continuous from Carboniferous to Permian without any stratigraphical break.
KANUMA (1960) is of the opinion that a less advanced type of Pseudoschwagerina,
which occurs with species of Triticites, is not Permian in age but should be re-
garded as the Carboniferous element. All the fusulinaceans collected by him
have been described in a series of papers (1958, 1959, 1960).

7. Kami-anama area

The Kami-anama area is located in the western margin of the Hida massif
and was surveyed by HAYASAKA et al. (in Fuyimoro, 1953). The Permian rocks
of this area were called the Nojiri Group [Ht 73] and the Otani conglomerate
[Ht 72] of the basal part covers the underlying Carboniferous formation with
a clino-unconformity. Because Triticites nakatsugawensis MORIKAWA, T. monti-
parus [ EHRENBERG (MOLLER) |, T. uemurai MORIKAWA, Quasifusulina longissima
(MOLLER), and Pseudoschwagerina sp. have been found in the grey to blackish-
grey massive limestone near the base of the conglomerate, OZAKI et al. (1954)
regarded the Otani conglomerate as the Sakamotozawan in age. Subsequently,
FuJsimoto et al. (1962) separated this massive limestone from the Otani conglo-
merate and introduced a new name, the Oboradani Formation for it. However,
OsHIMA* recently clarified that the Otani conglomerate is not Permian, but
Mesozoic though its exact age is not known. (See also page 125 of next chapter)

8. Funafuseyama area

Funafuseyama and its environs are known to have a wide distribution of
Upper Paleozoic rocks. The Funafuseyama Formation [Ht 48] (600-800m) is
a representative of calcareous facies, main constituent of which is greyish-white
to greyish-black limestone and dolomitic limestone. The basal part of the forma-
tion consists of meta-basalt with red chert, above which the Psendofusulina
vulgaris zone is found in the brecciated limestone and dolomitic limestone.
Except for the zone species, the faunal assemblage is not known (OGAWA and
IGo in FuJIMoTO et al., 1962).

The representatives of the non-calcareous facies in the Funafuseyama area
are the Taniai Formation (2800 m) [Ht 50] and the Kanzaki Formation (1700 m)
[Ht 49] in the southern part and the Mandokoro Formation [Ht 47] in the north.
The first two make a conformable sequence on which the Funafuseyama limestone
rests. The latter was considered to be a Klippe on the Kanzaki Formation, but,
according to 1o and OGAWA (in FUJIMOTO et al., 1962), it is not a Klippe but is
in contact with a normal fault to the Kanzaki Formation. All these non-calcareous
formations yield no fossils for an age determination.

* OSHIMA, H.; Palaeozoic and Mesozoic Formations in the central part of Izumi-mura,
Fukui Prefecture. Graduation thesis (No. 189) of Kyushu University, 1965
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The Samondake Formation [Ht 517 found toc the north of the Funafusayama
area is also considered to be of the Permian, although it is barren of fossil content
(Kawal, 1957).

9. Neo and Ibigawa area

A wide area covering the northwestern part of Gifu Prefecture (Motosu-gun
and northern part of Ibi-gun) is an Upper Paleozoic terrain of which little is
known. According to Ico (in FUJIMOTO et al., 1962) the Uoganeyama Formation
[Ht 57] in this area consists of chert and schalstein with a limestone member of
about 200 m thickness. Acervoschwagerina endoi HANZAWA and Pseudofusuling
kraffti (SCHELLWIEN) are known in the lower part, and Parafusulina sp. in the
upper part of the limestone above which thick chert is superposed. Hence the
Uoganeyama Formation is dated as the Sakamotozawan to the Nabeyaman.

As already mentioned in the Chapter IV, the Tokuyama Formation [Ht 52]
(700 m) which occurs mainly in the Tokuyama area, upper valley of Ibigawa area,
was referred by KaJiTa (1963) to the Upper Carboniferous to Lower Permian
from the lithological point of view. Recent study of KAwAl (1964) stated that
the Tokuyama Formation* ranges from the upper Lower to lower Middle Permian
with a possibility of having the zone of Yabeina in part. KAWAI reported 19
species of fusulinaceans from many localities, of which Pseudofusulina japonica
(GUMBEL), Parafusulina kaerimizensis (OZAWA) and Neoschwagerina craticuli-
fera (SCHWAGER) are characteristic. It is noteworthy that thin coal seams
occur above the Pseudofusulina cfr. vulgaris zone near Kashiwaradani, and also
that Bellerophon occurs abundantly in the black limestone. The Tokuyama For-
mation is separated from the surrounding rocks by the low angled Tokuyama
thrust (KAWAIL op. cit.).

The Paleozoic rocks distributed along the upper valley of Ibigawa [Ht 55, 56]
were also studied at some length by MivyAMURA (1965) who did not follow the
previous workers (KAJITA, 1963; KAWAIL 1964) in the stratigraphic division. He
divided the Paleozoic terrain into six blocks throughout which two fusulinacean
zones are distinguished, the lower Pseudofusulina and the upper Parafusulina
and Neoschwagering zone. The Pseudofusulina zone comprises three species of
Triticites, one of Acervoschwagerina, two of Paraschwagerina, ten of Pseudo-
fusulina, and two of Schwagerina, of which Pseudofusulina vulgaris (SCHELL-
WIEN) and P. globose (SCHELLWIEN) are the most characteristic species. The
lower part of the Sakamotozawan is not clearly known in this area.

10. Akasaka area

The Akasaka limestone [Ht 65], one of the classical localities in the study
of the Paleozoic of Japan, is located 3 km northwest of Ogaki city. The strati-
graphy and the fusulinacean fauna of the Akasaka limestone were studied by
OzZAWA (1927) at length almost forty years ago. His zonation of the limestone
is still being evaluated with a little emendation. 0zAwA’s lowest division, the

* KAWAI revised the definition of the formation and his Tokuyama Formation includes
the Funafuseyama and Kanzaki Formations of KOBAYASHI and FUJIYAMA.
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Benijima zone, is so poor in fossil content that only Pseudofusulina ambigua
(DEPRAT) and P. granum-avenae (ROEMER) were described. Later FujJiMoTo
(1941) reported Pseudoschwagerina schellwieni HANZAWA and Pseudofusulina
vulgaris (SCHELLWIEN) in the limestone erratics obtained from a quarry at the
southern side of Kinshozan. This led him to the conclusion that the Benijima
zone of the Akasaka limestone or the underlying formation might be correlated
with the zone of Pseudoschwagerina.

Having reexamined FuJiMoT0’s material, Ico (1964) clarified that Pseudo-
schwagerina (Robustoschwagering) schellwienti HANZAWA associates with Pseudo-
fusulina vulgaris (SCHELLWIEN), Schwagerine n. sp., and Minojapanella elongata
FuJimoro and KANUMA. He also gave an account of the stratigraphical range
of P. (R.) schellwieni.

The Akasaka limestone was restudied by MORIKAWA et al. (1956) and MINATO
and HoNJO (1959). MORIKAWA et al. did not find any species of Pseudoschwa-
gerina in their lower formation but found many species of Schwagerina, Para-
fusulina and Pseudofusuline, and in the upper part of the lower formation they
reported Pseudodoliolina ozawai YABE and HANZAWA and Verbeekina sphaera
OzAwA. If their observation is correct there is no formation referable to the
Sakamotozawan in the Akasaka limestone.

11. Imajo area

Along the upper reaches of Hinokawa a vast area is occupied by the Upper
Paleozoic rocks. The Takura Group [Ht 81] named by KiTA contains Pseudo-
fusulina vulgaris (SCHELLWIEN), Psf. japonica (GUMBEL), and other species of
schwagerinids in the limestone intercalated in the lower part of the group, and
referred by IsoMr (1955) to the upper part of the zone of Pseudoschwagerina.

B. Northern and eastern parts of Tamba zone
1. Wakasawan area

The Wakasawan area [Ht 87-90] in the eastern part of Fukui Prefecture is
the Upper Paleozoic terrain of the Tamba zone, and was surveyed by HIROKAWA,
IsomI and KURODA (1957) and IsoMI and KUropA (1958). According to Isomi
and KURODA the Permian of this area is divided structurally by the Saburi-Iimori
fault into the northern and southern parts.

The southern part [Ht 87/, 88’] is a representative of the Tamba zone proper,
characterized by thick alternation of chert and clayslate, with intercalations of
limestone lenses. The joint authors (1958) divided the Permian in this part
into five formations* without giving formation names. The formation II is very
prolific in fusulinacean fossils, and thirty-six species, mostly of schwagerinids,
have been listed from fifty-seven localities, of which Pseudofusulina vulgaris
(SCHELLWIEN) and its allies and Psf. japonica (GUMBEL) are the most character-
istic representatives. Hence their formation II is certainly referable to the
upper Sakamotozawan. The formation I, which consists of predominant chert

* The five formations (I, II, III, IV, and V) of IsoMmi and KURODA (1958) are reverse
in order to those of HIROKAWA, IsoMI and KURODA (1957), to the former of which the
present formational division is followed.
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and subordinate clayslate, may be the lower Sakamotozawan, though there is no
paleontological evidence to verify this assumption.

2. Ibukiyama.-Samegai area

Ibukiyama-Samegai area [Ht 96-100] covering the boundary area between
Gifu and Shiga Prefectures consists of calcareous and non-calcareous groups, the
former of which thrust over the latter in the east side. The stratigraphy of this
area was studied in some detail first by SEKI (1939), though Koto (1910) reported
that the Ibukiyama limestone was an overthrust block. Through recent studies
of IsoMI (1956), KOBAYASHI (1957) and MORIKAWA and IsoMI (1961), the strati-
graphy and paleontology of this area have been clarified.

Among the non-calcareous groups distributed under and around the Ibukiyama
limestone [Ht 96], the following formations are referred by SEKI and ISOMI to
the zone of Pseudoschwagerina; namely, the lower part of the Takayama Forma-
tion [Ht 92], the lower division of the Kusanogawa Group, which develops widely
northwest of Ibukiyama, and the Oishi Formation [Ht 63] which crops out east
of Tbukiyama and northeast of Sekigahara-machi.

The Takayama Formation consists mainly of clayslate and sandstone, inter-
calating small limestone lenses in two horizons, in the lower one of which the
following species were reported by Isom1 (Isomr’s loc. 2, 3, 4) :

Pseudofusuline vulgaris (SCHELLWIEN)

Psf. cfr. fusiformis (SCHELLWIEN and DYHRENFURTH)
Psf. ambigua (DEPRAT)
Psf. kraffti (SCHELLWIEN)

Paraschwagerina sp.

The above faunal assemblage shows that the lower part of the Takayama
Formation is the Sakamotozawan in age and is referable to the P13 subzone of
the Akiyoshi limestone Group. However, only Pseudofusulina vulgaris has been
described by MORIKAWA and IsoMI (1961).

The Oishi Formation [Ht 63] is composed of clayslate and subordinate
sandstone, being in contact with fault relation with the Otaki Formation [Ht 62]
which is presumably Akiyoshian in age. The species listed below were obtained
in the limestone lenses that are intercalated in the lower part of the Oishi Forma-
tion and are also regarded as the Sakamotozawan (IsomI, 1956).

Schwagerina krotowi (SCHELLWIEN)

S. cfr. gregaria (LEE)
Pseudofusulina vulgaris globosa (SCHELLWIEN)
Psf. cefr. ambigua (DEPRAT)

Triticites sp.
Staffella rotunde SAURIN

With the tectonic relation, the calcareous group is thrusting upon the non-
calcareous group from NNW to SSE. IsoMI (1956) referred the non-fossiliferous
Kiyotaki Formation [Ht 99] and the conformably overlying Samegai Formation
[Ht 100] to the zone of Pseudoschwagerina. FUJIMOTO (1941) once described
Pseudoschwagerina schellwieni HANZAWA from the Manganji limestone of Same-
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gai Formation near Ominagaoka, Shiga Prefecture. Ico (1964), who collected
further materials from the same locality, illustrated the same species and gave
an account of the stratigraphical range of this species.

The Samegai Formation crops out southwest to Ibukiyama, consisting mainly
of schalstein and lenticular limestones. IsoMI listed many species from twenty-
one localities covering the distributed area, and the important ones are as follows:

* Pseudofusulina kraffti (SCHELLWIEN)

* Psf. fusiformis (SCHELLWIEN and DYHRENFURTH)
Psf. vulgaris (SCHELLWIEN) and its subspecies
Psf. ambigua (DEPRAT)

Paraschwagerina oblonga (OZAWA)

Pseudoschwagerina schellwient HANZAWA

Acervoschwagerina? sp.

Schwagerina tschernyschewi (SCHELLWIEN) and its allied forms
Triticites simplex (SCHELLWIEN) and its allied forms

Misellina aliciae (DEPRAT)

Minojapanella sp.

(* most abundant)

Isom1 regarded the above fauna as probably middle and upper Sakamoto-
zawan in age. Joining with MORIKAWA, IsoMI (1961) studied the same fauna of
the Samegai Formation, but the species described by them are considerably
different from those listed above.

A short time after IsomI's work (1956) appeared, KOBAYASHI (1957) pub-
lished a monograph on the fusulinaceans of the Ibukiyama limestone [Ht 96],
the typical member of the calcareous group of this area. According to his
zonation, the Sakamotozawan equivalent of Ibukiyama limestone is the Acervo-
schwagerina subzone which conformably covers a non-calcareous formation of
about 100 m thickness. The characteristic species of this subzone are as follows:

Schwagerina hawkinst DUNBAR and SKINNER
Pseudofusulina cfr. vulgaris (SCHELLWIEN)
Acervoschwagerina cfr. kagemoriensis (FUIIMOTO)
A. spp. A and B

Minojapanella sp.

Schubertella sp.

KOBAYASHI believes that the lowest part of the Permian, such as the Triticites
simplex subzone of the Akiyoshi limestone Group, is missing or represented by
the underlying unfossiliferous zone. It is also emphasized that no species of
Triticites nor of Pseudoschwagerinea has been found in this subzone.

3. Yoro massif

To the south-southeast of the Ibuki massif is there the Yoro massif which
consists exclusively of Permian rocks called the Yoro Group. Recent study of
KANUMA and IRIE (1962) has clarified the stratigraphy of this massif in some
detail. The Yoro Group [Ht67] is divided into two subgroups, the lower of
calcareous facies (1500 m) and the upper of non-calcareous facies (1700 m). In
the middle part of the lower subgroup the following species have been found:
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Acervoschwagerina cfr. endoi HANZAWA
Pseudofusulina kraffti (SCHELLWIEN)
Psf, santyuensis FUJIMOTO
Schwagerina krotowi (SCHELLWIEN)
Rugosofusulina sp.

The above assemblage dates the lower subgroup as the Sakamotozawan, but
the lowest part of the Sakamotozawan is seemingly not present in this massif.
The geologic structure of this massif is complicated, making up an inclined
anticline in the northern part and an inclined gyncline in the southern one.

4. Fujiwaradake area
The Fujiwaradake area, located in the northern part of the Suzuka massif,
was studied by MURATA (1960). The Fujiwaradake Formation [Ht 105] (about
500 m) developed in the central part of this area and the Ibaragawa Formation
[Ht 103] (900 m) in the southern part are referred to the Sakamotozawan. The
former, consisting mainly of limestone and schalstein with thin intercalations of
lenticular chert and slate, yields the following fossils:
In the lowest limestone:
Pseudoschwagerina fusulinoides (SCHELLWIEN)
Acervoschwagerina endoi HANZAWA
Schwagerina sp.
In the middle limestone:

Acervoschwagerina endoi HANZAWA
Pseudofusulina vulgaris globosa (SCHELLWIEN)
Psf. vulgaris (SCHELLWIEN)

In the upper limestone:

Pseudofusulina japonica (GUMBEL)
Psf. ambigua (DEPRAT)
Michelinia sp.

Waagenophyllum sp.

MURATA is of the opinion that the Fujiwaradake Formation ranges from
Sakmarian to Artinskian.

The Ibaragawa Formation is the representative of the non-calcareous facies
in the southern part of this area. This formation comprises mostly schalstein
in the basal part, chert and slate in the lower part with thin lenticular sandstone,
and sandstone in the upper part. The Ibaragawa Formaion is very complex in
geologic structure, being mosaic due to faults and metamorphosed by the intrusion
of the Gozaishoyama granite. Only available fossil evidence is the occurrence of
Pseudofusulina vulgaris (SCHELLWIEN) from a small limestone lense interbedded
in the schalstein of the basal part. Because the middle and upper parts of the
Ibaragawa Formation are similar in lithology with the Tokiyama Formation of
the probable Nabeyaman in the northern part of this area, MURATA dated the
Ibaragawa Formation to the upper Sakmarian to Artinskian.

Although the geologic structure of this area is very complicated, MURATA
considers that the formations of the calcareous facies (the Fujiwaradake and
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Kurakaketoge Formations of the central part) are not the thrusting mass on the
formation of the non-calcareous facies (the Ibaragawa Formation of the southern
part and the Tokiyama Formation of the northern part) as once considered, but
both are autochthonous but heteropic deposits.

5. Suzuka massif

The Paleozoic Suzuka massif runs in NNE direction to the south of the
ITbuki massif with very complex structure. The stratigraphy of the northern
part of this massif was studied by TAKIMOTO (1936), SEKI (1939) and FUJIWARA
(1940), and it is known that the Lower and Middle Permian rocks are developed.
The lower and middle parts of the Ryozen Formation [Ht 101] and the Inugami
Formation [Ht 102] in this area are referable to the zone of Pseudoschwagerina.
Both the formations consist mainly of schalstein and limestone.

With a discussion on the geological age of the Pseudoschwagerina zone,
Fusimoro (1941) described Pseudoschwagerina cfr. fusulinoides (SCHELLWIEN )
and P. samegaiensis FUIIMOTO from the limestone of the middle part of Ryozen
Formation in Shimonyu [Ht 100’], Maibara-machi, Sakata-gun, Shiga Prefecture.

In the Inugami Formation Pseudofusulina vulgaris (SCHELLWIEN) and its
allied forms and other schwagerinids are known to occur. This faunule shows
that the Inugami and Ryozen Formations are correlated with the P18 subzone
of the Akiyoshi limestone Group. It is noted that in the basal part of the
Ryozen Formation species of “Paleofusulina” and Fusulinella were once found
with Mizzia velebitana SCHUBERT (TAKIMOTO, 1936). Restudy of this faunule is
seemingly necessary.

KoikKE (1963) also studied the Ryozen area and tentatively proposed the
name “Ryozensan limestone” for the calcareous deposits of this area. He divided
the Ryozensan limestone [Ht 101] into three facies; white limestone (ca 250 m),
black muddy limestone (ca 250 m), and dark grey limestone (ca 600-700m).
Though mutual stratigraphical relationship between these limestones is not clear,
he presumed that the first two are nearly contemporaneous in age but heteropic
in facies, above which the last one is overlying.

The white limestone is characterized by the prolificacy of Schubertella kingi
DUNBAR and SKINNER, S. giraudi (DEPRAT) and Schwagerina chihsiaensis (LEE)
with rare occurrence of Pseudoschwagerina cfr. subsphaerica NoGAMI and Para-
schwagerina sp. A. The black muddy limestone contains an abundance of two
species of Schubertella mentioned above, Pseudoschwagerina subsphaerica NOGAMI,
Ps. samegaiensis FuJIMoTO and Paraschwagerina kawachiensis KoikE (MS).
The dark grey limestone contains species of Pseudofusuling such as P. complicata
(SCHELLWIEN), P. annamitica (DEPRAT), P. dugontensis ROsS with Pseudoschwa-
gerina cfr. schellwient HANZAWA and Schwagerina cervicalis (LEE). Pseudo-
fusulina vulgaris (SCHELLWIEN) occurs throughout the limestones of the three
facies but is very large in size of the shell and differs from those associated with
species of Triticites in the lower Sakamotozawan rocks of other areas.

Thus KOIKE correlated the Ryozensan limestone with the upper Sakamoto-
zawan of P18 to P1ly subzones of the Akiyoshi limestone Group.
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C. Southern part of Tamba zone

In the southern part of the Tamba zone, the Upper Paleozoic rocks named
the Tamba Group (SAKAGUCHI, 1962) are widely developed, and are composed
mostly of shale, slate, sandstone, chert, and schalstein. Although extreme scarcity
of limestone in this part of Tamba zone has made the detailed stratigraphy and
correlation of the Tamba Group difficult to determine, SAKAGUCHI (1962) has
been successful in establishing zonation of this group by means of fusulinaceans
and corals. His zonation is as follows in descending order:

Waagenophyllum indicum subzone
Neoschwagerina craticulifera subzone
Parafusuling kaerimizensis zone
Misellina sp. subzone

Pseudofusuline vulgaris subzone
Triticites montiparus subzone

IV. Coral zone
III. Neoschwagerina zone
II. Parafusulina zone

I. Pseudoschwagerina zone

1. Nishiyama area

In the Nishiyama (western hill) area [Ht 112] a Formation, probably of
the Moscovian age, is overlaid by the Sakamotozawan b (1500-1600 m) and c
(1450-1600 m) Formations (MATSUSHITA, 1950-51). Triticites subobsoleta
(0zawA) and Pseudofusulina cfr. vulgaris (SCHELLWIEN) have been reported
from the b Formation, and Rugosofusulina prisca [EHRENBERG (MOLLER)] and
its varieties and other schwagerinids from c¢. None of them, however, have
been described.

According to SAKAGUCHI (1962) the Tano Formation [Ht 116], the lower
half of the middle Subgroup of the Tamba Group, yields fusulinaceans and corals
in the limestone lens intercalated in the schalstein of the lower part. Fusuli-
naceans and corals found in several localities indicate that the lower part of the
Tano Formation is at least referred to the Sakamotozawan. SAKAGUCHI regarded
all the species of Akiyoshian, such as Fusulinella itoi, F. biconica, etc. as the
derived fossils. It may be possible that the Tano Formation contains a part of
the Akiyoshian which is sandwiched in the Permian. It should be noted that
the Tano Formation is very complex in structure and the limestone lens at
Oshioyama yields only species of Fusulinella. The exact relationship between
the Tano Formation and the b and ¢ Formations of MATSUSHITA is not clear.

2. Nosé area

The Nosé area [Ht 1157 in the southern part of the Tamba zone has been
studied by SAKAGUCHI (1955, 1956, 1962) who proposed to call the Sakamotozawan
rocks in the northern part of this area the Osakatoge Formation [Ht 114’]
(700-1200 m). He states that the Osakatoge Formation contains two fossil
horizons, the lower is probably referred to the Triticites montiparus and the
upper to the Pseudofusulina vulgaris subzone. The equivalent of the Osakatoge
Formation in the southern part of this area is the lower part of the Mino Forma-
tion in which Schwagerina krotowi (SCHELLWIEN) was reported by FUJIMOTO
(1950) from Tada [Ht 120].
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3. Sasayama area

The Paleozoic rocks developed in the marginal area of the Sasayama basin
[Ht 122], located to the northwest of the Nosé area mentioned above, were col-
lectively called the Taki Group by ARAI and SAKAGUCHI (1955). They divided
it into several formations which were later redefined by SAKAGUCHI (1962) and
included into his Tamba Group. The Manajo Formation [Ht 1237, the second
lower of the group of this area, yields Pseudofusulina kraffti (SCHELLWIEN),
Acervoschwagerina sp. and Schwagerine kawkinsi (DUNBAR and SKINNER), and
is correlated with the zone of Pseudoschwagerian. None of the species found in
this area have been described.

4, Sonobe area

The Sonobe area is the eastward extension of the Sasayama basin. The
Sakamotozawan of this area is called the Sonobe Formation [Ht110] and
congists mostly of shale with intercalation of chert. The fossiliferous limestone
lenses are found in the basal part of the schalstein, in which three new species
of Triticites and one of Pseudofusuline are found with Pseudofusulina cfr.
santyuensis FUJIMOTO and Acervoschwagerina sp. Fusulinella itoi OZAWA and
F. matsushitai SAKAGUCHI are also found at KUMASAKI, north of SONOBE, but
SAKAGUCHI has regarded them as derived fossils.

IV. Chugoku massif

The Chugoku massif belongs geotectonically to the Inner zone of Southwest
Japan where the Upper Paleozoic rocks are widely developed. The most charac-
teristic feature of them is a contrast between the calcareous facies (Akiyoshi or
para-Akiyoshi facies of KoBAYASHI) and the non-calcareous facies (Yamaguchi
facies of KOBAYASHI).

The boundary area between Okayama and Hiroshima Prefectures is one of
the well known Paleozoic terrains in Chugoku region which belongs to the para-
Akiyoshi facies, consisting of alternation of thick limestone and other kinds of
rocks. The terrain is divided morphologically into several hilly plateax—the
Atetsu plateau, about 40 km northwest of Okayama city, the Oga plateau, south-
west of the former, and the Taishaku plateau, northwest of the second.

1. Atetsu plateau

The Paleozoic of the Atetsu plateau was studied in some detail by MoCHIZUKI
(in KoBAaYASHI, 1950) who divided it into the Ishiga Formation [Swi 42], the
Toyonaga limestone [Swi39] and the Terauchi black sandstone and shale
[Swi87] in ascending order. Five fossil zones were distinguished in the
Toyonaga limestone. The zone of Pseudoschwagerina, the second lower of the
five zones, yields species of Schwagerina and Staffella, and directly overlies the
zone of Fusulinella.

IMAMURA (1959) proposed the Sabushi Group [Swi 36] for the Lower and
Middle Permian rocks of the Atetsu area. It unconformably overlies the Car-
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boniferous Kodani Group and is overlaid by the limestone conglomerate of the
Yukawa Group with a distinct unconformity. The Iwamoto Formation [Swi 39],
the lower division of the Sabushi Group, was referred to the zone of Pseudo-
schwagerina, and consists of greyish-white conglomeratic limestone at the type
locality of IwAaMoTO, Toyonaga-machi, but the lateral change of facies is rather
remarkable. The Iwamoto Formation was later studied by SADA (1964, 1965)
who divided the Pseudoschwagerina zone of IMAMURA into two subzones, the
lower Rugosofusuling arctica and the upper Pseudoschwagerina kanmerai subzone.
The Rugosofusulina arctica subzone comprises the following species:

Triticites kawanoboriensis FUIIMOTO

T. obai TORIYAMA

*T. ozawai TORIYAMA

*T. montiparus [EHRENBERG (MOLLER)]

T. cfr. pseudosimplex CHEN

T aff. subventricosus DUNBAR and SKINNER

Rugosofusulina arctica (SCHELLWIEN)
Chusenella? atetsuensis SADA
*Quasifusulina longissima ultima KANMERA

The Pseudoschwagerina kanmerai subzone contains the following species:

Triticites kawanoboriensis FUIIMOTO
Pseudoschwagerina kanmerai SADA

Ps. pavlovi (RAUSER-CHERNOUSSOVA)
Ps. saigusai NOGAMI

Ps. muongthensis (DEPRAT)
*Pseudofusulina vulgaris vulgaris (SCHELLWIEN)
*Psf. vulgaris globosa (SCHELLWIEN)
Psf. regularis (SCHELLWIEN)
*Schwagerina primigena NOGAMI

*S. okafujii TORIYAMA

Chusenella aff. schwagerinaeformis SHENG
(Species with an asterisk were not described by SApA in 1964)

As seen in the above lists, the lower subzone is characterized by the Triticites
assemblage but is devoid of species of Pseudoschwagerina and its allied genera,
whereas the upper subzone is dominated by the Pseudoschwagerina assemblage
but contains no representative of Triticites except T. kawanoboriensis which is
a long ranging species. The assemblage of species shows that the lower and the
upper subzone are referable respectively to the Triticites simplex and the Pseudo-
fusulina vulgaris subzone of the Akiyoshi limestone Group. Thus the Iwamoto
Formation can certainly be dated to the lower-middle Sakamotozawan.

Independently from IMAMURA and his collaborators, NocaM1 (1961) who
dealt mainly with the central part of the same plateau divided the Permian Atetsu
limestone Group and the Terauchi Formation into five fusulinacean zones, four
of which are subdivided into two subzones respectively. The lower two zones,
Pseudoschwagerina subsphaerico—Quasifusuling longissima ultime and Pseudo-
fusulina vulgaris zones are referred to the Sakamotozawan, of which the former
is further divided into the Quasifusulina longissima wultima subzone (,P._,) and



The Fusulinacean Zones of Japan 105

Pseudoschwagerina subsphaerica subzone (,P1_;). All the component species of
these zones and subzones have been described by him in great detail.

It is unfortunate that the results obtained by IMAMURA and his collaborators
and those by NogaMI do not necessarily in agreement with each other in the

interpretation of geologic structure of the Atetsu limestone Group and the faunal
contents of the fusulinacean zones.

2. Oga plateau

The stratigraphy of the Oga plateau [Swi47] was first studied by CHANG
(in KoBAYASHI, 1950). He found that the zone of Pseudoschwagerina is in the
Nakamura limestone [Swi45] of south and in the Koyama limestone [Swi 49]
of north. In the former, the zone of Pseudoschwagerina occupies the basal part
of the limestone, yielding Pseudofusulina vulgaris (SCHELLWIEN), Psf. japonica
(GUMBEL) and Rugosofusulina prisca [EHRENBERG (MOLLER)] with association
of species of Quasifusuling and Triticites.

The Koyama limestone contains the Pseudofusulina vulgaris zone in the
middle part where a few thin layers of schalstein and conglomeratic limestone are
developed. Triticites sp., Pseudoschwagerina spp. and Pseudofusulina vulgaris
have been obtained in the conglomeratic limestone. Besides, the Pseudofusulina
vulgaris zone directly overlies the zone of Fusulinelle. YOSHIMURA (1961) thus
assumed the absence of the “Uralian” in the Koyama limestone.

3. Taishaku plateau

The Taishaku plateau was studied by many pioneer geologists, such as OGURA
(1921), YosHINO (1937), HANzAWA (1942), and FujiMmoro (1944). Recent
studies of YokoYAMA (1957, 1959) and AKAGI (1958) have added some knowledge
to the stratigraphy and paleontology of this plateau. According to YOKOYAMA
the Unada Formation [Swi61] and Idaniyama Formation [Swi 58] of Higashi-
uyama Group are referable to the Sakamotozawan. Both are different in facies.
YoxkovaMA listed the following species in the Unada Formation:

Triticites simplex (SCHELLWIEN)

T. montiparus [EHRENBERG (MOLLER)]
Pseudofusuling kraffti (SCHELLWIEN)
Psf. vulgaris (SCHELLWIEN)

Pseudoschwagerina spp.
And in the Idaniyama Formation:

Triticites minimus (SCHELLWIEN)
T. sp.
Pseudofusulina sp.

It is noted that YOKOYAMA confirmed an unconformable relation between
the Unada Formation and Carboniferous Eimyoji Formation although HANZAWA
and FUuJIM0TO once presumed the same relationship.

Independently of YOKOYAMA, AKAGI (1958) divided the Permian rocks de-
veloped in the eastern part of the Taishaku area into four formations, each
of which represents one fusulinacean zone. The Miharano Formation [Swi 57],
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the zone of Pseudoschwagerina, is further divided into the Triticites nishikawasi,
Pseudoschwagering miharanoensis, and Schwagerina krotowi subzones in as-
cending order. Although AKAcGI listed Triticites nishikawai AKAGI (MS),
Pseudoschwagerina wuddeni (BEEDE and KNIKER), Paraschwagerina fosteri
THOMPSON and MILLER, Pseudofusulina nelsoni opima THOMPSON, Psf. pseudo-
simplex (CHEN), and Psf. tenuis CHEN as the associated species of Pseudoschwa-
gerina miharanoensis AKAGI. It should be noted that he described only
P. miharanoensis and based his description from the statistical standpoint of the
growth and form of fusulinacean shell.

4. Jinseki-Yuki area

The Permian rocks of calcareous facies of the Taishaku area appear south-
ward in the Jinseki-Yuki area where they are represented by white, massive
limestone with a small amount of black shale and tuff. Indeterminable species
of Triticites, Schwagerina and Pseudofusulina have been reported by HASE (1965)
from fine calcirudite-calearenite of the lower part of HASE's e Formation at the
south of Nagao [Swi 67A’], Jinseki-cho, HASE correlated this part of the forma-
tion with the Unada Formation of Taishaku area.

5. Middle and Upper valley of Ota-gawa

The Paleozoic rocks of non-calcareous facies occur along the middle and
upper valley of Ota-gawa in the western part of Hiroshima Prefecture. Accord-
ing to HASE (1964) and IMAMURA, NUREKI and OKIMURA (1966) they consist
mainly of black slate associated with sandstone and chert (about 2000 m in
thickness) and belong to the northern and middle zones of the Paleozoics of
Hiroshima Prefecture. A remarkable sheared zone exist between two zones.
OKIMURA discovered indeterminable species of Schubertella, Triticites, Schwa-
gerina, and Pseudoschwagerina from a limestone lens exposed in Hosomidani
[Swi 717, which is however found in the sheared zone. The rock facies shows
that the Paleozoic of this area is probably correlative with the lower formation
of the Yoshii Group in the eastern part of Hiroshima Prefecture.

6. Akiyoshi area

Since the Akiyoshi limestone [Swi 100] displays a good succession of the
fusulinacean zone, it has been regarded as the standard of the Inner zone of
Southwest Japan and studied by many pioneer workers such as OzAwA, KoBA-
YASHI, HANZAWA, etc. ToORIYAMA (1954, 1957, 1958) divided the Sakamoto-
zawan zone of Pseudoschwagerina of Akiyoshi limestone into the lower Triticites
simplex and the upper Pseudofusulina vulgaris subzone. MURATA (1961) followed
TORIYAMA in the zonation of this part of limestone with a little emendation.
Because the basal part of the former subzone comprises only species of Triticites
there is a diverse opinion concerning the correlation of this subzone. The prolific
fusulinacean fauna found in the zone of Pseudoschwagerina was described by
ToORIYAMA (1958) in detail.

The Sakamotozawan formations of the non-calcareous facies are developed
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around the Akiyoshi limestone. The Katada Formation [Swi 86] of Beppu Group,
the Aigyo Formation [Swi95] of Tsunemori Group and a part of Yaegahara
Formation [Swi99] of Oda Group have been referred to the Sakamotozawan.
However, on the stratigraphical interpretation, geologic structure, and correlation
of these formations, opinions differ among TORIYAMA (1954), MURATA (1961),
KAWANO ef al. (1963), and KAWAI (1963).

The northern part of Yamaguchi Prefecture is known to have a rather wide
distribution of the Upper Paleozoic rocks which also cover the western part of
Shimane Prefecture and are collectively called the Kanoashi Group by KAWANO
et al. (1956). The lowest division of this group, the Kane Formation [Swi 76]
of about 3000 m thickness consists mainly of alternation of sandstone and clay-
slate, with limestone lenses in two horizons. One is the Koda limestone which
is found in the top of the lower part of this formation and the other is the Izuto
limestone in the upper part. The Koda limestone yields Pseudofusuling vulgaris
(SCHELLWIEN) and its allies and other schwagerinids, and the Izuto limestone
vields Neoschwagerina margaritae DEPRAT and indeterminable species of Schubert-
ella and Schwagerina along with corals. It is therefore certain that the lower
part of the Kane Formation is of the Sakamotozawan, being referred by KAWANO
to the P13 and/or Ply subzone of the Akiyoshi limestone Group. The non-
calcareous basal part of the Kane Formation may be referable to the earliest
part of the Permian.

7. Abugawa area

Along the tributary of Abugawa in the central northern part of Yamaguchi
Prefecture, the Upper Paleozoic rocks are also well developed and, as in the
Akiyoshi area, they display a marked contrast of two facies, calcareous and
non-calcareous.

The calcareous facies is represented by the Handa limestone (300-400 m)
[Swi79] and the Zomeki limestone (500-600m) [Swi77], in the latter the
Sakamotozawan has not been found. In the Handa limestone KawaNo (1961)
set up five zonules of which Triticites ozawai and Pseudofusulina vulgaris zonules
are Sakamotozawan. The Triticites ozawai zonule comprises T. ozawai TORIYAMA,
T. biconica TORIYAMA, T. simplex (SCHELLWIEN), and Quasifusulina? sp., all of
which are the representatives of the 7. simplex subzone of the Akiyoshi limestone
Group. The Pseudofusulina wvulgaris zonule, which is directly overlying the
T. ozawai zonule, is very prolific in fusulinaceans, yielding many species of Pseudo-
fusulina, Triticites, Schwagerina, Rugosofusulna, Dunbarinella, Paraschwagerna,
and Schubertella. The faunal assemblage shows that this zonule is definitely
correlative with the Pseudofusulina vulgaris subzone of the Akiyoshi limestone
Group. Since all the species have been described in detail by KAWANO, the specific
names are omitted here.

It is noticeable that the Triticites ozawai zonule is apparently conformable
with the underlying Fusulinella eopulchra zonule of the Akiyoshian.

The representative of the non-calcareous facies in the Abugawa area is the
Tkadaba Formation [Swi 80] which occurs along the lower valley of Abugawa
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with the type locality at Aihara and Ikadaba. It consists of sandstone, clayslate,
and limestone, attaining a thickness of 500 to 650 m. As Pseudofusuling vulgaris
is found in the limestone lens intercalated in the sandstone of the lowest part,
the Tkadaba Formation is dated as the upper Sakamotozawan (KAWANO, op. ¢it.).

8. North Kyushu

The Paleozoic rocks developed in the northeastern part of North Kyushu is
structually the southwestern extension of the non-calcareous rocks of Yamaguchi
area. FuJiMoTo (1935) once reported Pseudofusuling kraffti (SCHELLWIEN) and
Quasifusuling cfr. longissima (MOLLER) from schalstein intercalated in the lime-
stone lens exposed at Tokuriki [Swi 105] located near the neck of the Kiku
peninsula. FUJIMOTO, YOSHINAKA and TAJIMA (1961) restudied the Upper
Paleozoic of the Kiku peninsula and found Schwagerina krotowi (SCHELLWIEN)
and Pseudofusulina vulgaris (SCHELLWIEN) along with smaller foraminifers in
the Aohama Formation [Swi 104] which consists of schalstein, limestone, sand-
stone, shale, chert, and accompanying conglomerate in the uppermost horizon.

Although the Paleozoic limestones are rather widely distributed in the
northeastern part of North Kyushu almost all of them are completely crystalline
and they are almost devoid of fossils.

V. Outer zone of Southwest Japan

The Outer zone of Southwest Japan crosses the southern parts of Akaishi
massif, Kii peninsula, Shikoku, and Kyushu. The Paleozoic rocks including the
Silurian formations are developed in the Outer zone and referred to the Chichibu
facies of the KOBAYASHI’s clasgification. They are composed mainly of various
kinds of clastic rocks and a considerable amount of limestones. Although many
geologists have made efforts to clarify the geology of these Paleozoic rocks, its
complexity has left many problems unsolved.

A. Akaishi massif

Hamanako area

The Paleozoic rocks found extensively along the west side of the lower valley
of Tenryugawa extending westwardly to the Atsumi peninsula belong geologically
to the Outer zone of Southwest Japan. Although little is known of these Paleo-
zoics because of their complicated structure and scarcity of fossil content, those
developed to the north of Lake Hamana, Shizuoka Prefecture have been studied
by Isomi (1958). Based on the facies differentiation he classified the Upper
Paleozoic of this area into the Iinoya [Swo 2] and Miyakoda [Swo 1] Formations.
The Iinoya Formation occupies the northern half of the area, consisting of chert,
clayslate and schalstein, with lenticular limestone in which Pseudofusulina sp.
(probably of Psf. vulgaris) and Schwagerina spp. have been found. The Miya-
koda Formation occurs in the southern part and consists of sandstone, clayslate
and chert, apparently grading into the Iinoya Formation. IsoMI referred the
Iinoya Formation to the upper Lower Permian, and the Miyakoda Formation—
although it is barren of fossils—to the Middle Permian.



The Fusulinacean Zones of Japan 109

B. Kii peninsula
1. ZEastern part of Kii peninsula
a. Shima area

It has long been known that fusulinacean-bearing Paleozoic rocks are de-
veloped to the southwest of Toba city in the extreme east of the Kii peninsula.
As in the southern parts of Shikoku and Kyushu, the Paleozoic is arranged in
several belts of NEE-SWW trend. Recent studies of YAMAGIWA (1957) in the
central part of Shima peninsula and of KUSAKABE and MIYAMURA (1958) in the
southern part of Ise city (formerly Uji-Yamada) [Swo 4] clarified that the
Sakamotozawan rocks are well developed in these parallel blocks. Although
KusakABE and MIYAMURA did not give formation names, they divided the Upper
Paleozoic into five fossil zones by means of fusulinaceans. The third, Triticites
and Pseudofusuline zone, yields fourteen species of Pseudofusulina, three species
of Schwagerina, Paraschwagerina oblonga (OZAWA), Pseudoschwagerina sp., and
Acervoschwagerina sp. The fourth, Pseudofusulina zone, contains the same
species of Pseudofusulina and Schwagerina as those of the third, but is deficient
in species of Triticites. As two zones always appear in company with each other
in the field, it seems better to unify them into one fossil zone dividing it into lower
and upper parts and referring this zone to the Sakamotozawan.

b. Aso-Gokasho area

Stressing the relationship between tectonics and sedimentary facies, KIMURA
(1957) clarified the geology of the Aso-Gokasho area located southwest-west of
the Shima area.

As well as in other parts of the Outer zone of Southwest Japan, the Chichibu
terrain of this area is divided into three belts, northern, central, and southern,
each of which is, according to KIMURA, composed of different Decke that has
characteristic facies. The facies name, Ogawago, Ichinosé, and Nomisaka were
proposed by him for these three belts.

The formation of Ogawago facies is characterized by the great thickness of
schalstein and ranges from the Upper Carboniferous to Lower Permian. The
Sakamotozawan fusulinaceans reported by KIMURA are as follows: Pseudofusulina
sp. from Ogawago area [Swo 14]; Psf. santyuensis FUJIMOTO, Psf. verneuili
solide (SCHELLWIEN), Psf. cfr. ambigue (DEPRAT), Paraschwagerina sp., and
Schwagerina sp. from Ryusenzan area [Swo 13].

The Ichinosé facies is the representative of the central belt and characterized
by frequently alternating thin beds of sandstone, shale, chert, schalstein, and
limestone. Most of the formation of this facies is referred to the Sakamotozawan.
Pseudoschwagerine sp., Pseudofusulina vulgaris (SCHELLWIEN), Psf. vulgaris
globosa (SCHELLWIEN) and Schwagerina tschernyschewi (SCHELLWIEN) were
reported from Ichinosé area [Swo 15], Pseudofusulina sontyuensis FUJIMOTO,
Schwagerina tschernyschewi (SCHELLWIEN) and Paraschwagerina (?) sp. from
Yokowa area [Swo 12], and Parafusuline sp. from Kirihara area [Swo 10]. It
should not be neglected that Wedekindellina (?) sp. and Fusulinella sp. are also
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found in the Kirihara area as mentioned in Chapter V.

The formation of Nomisaka facies which is developed in Aso-Nakamura
[Swo 18] and Izumimura [Swo 11] areas is barren of fossil content, though its
equivalent in the Izumimura area is dated as the Middle Carboniferous to Middle
Permian (YAMAGIWA, 1957).

The formations of the above three facies are different from one another
in geologic structure, and many horizontal Decken composed of competent rocks
are developed.

None of fusulinaceans listed above have been described.

2. Central part of Kii peninsula

SHIIDA (1962) has brought a light on the stratigraphy and geotectonics of
the central part of the Kii massif (Omine and Odaigahara area). The zonal
arrangement of the Paleozoic and Mesozoic strata is recognized in this part of
the massif though not seen as distinctly as seen in Shikoku. According to SHIIDA
the Chichibu terrain is divisible into the northern zone and the main zone, the
former of which thrusts upon the latter.

HiraYAMA and KAMBE (1959) also contributed to the clarification of the
geology in the Koyasan area [Swo 25] which is the southwestward extension
of the northern zone mentioned above. However, no paleontological information
is presently available for this part of the Chichibu terrain. The Hosokawa zone
is a part of the northern zone and is in contact with the Shiga zone of Nagatoro
metamorphic rocks. It is seemingly a transitional zone from non-metamorphic
to metamorphic Paleozoic rocks, being an alternation of both of them.

The Kawakami Group developed in the eastern part of the main zone is, as
a whole, referred to the Permian, and divided into three formations. The
lower, Gyojagaeri Formation [Swo 23], consists of thick alternation of chert and
sandstone with lenticular massive limestone and schalstein, and is presumed to
be the Sakamotozawan, though it is barren of fossil content.

3. Western part of Kii peninsula

In Yuasa-machi and its environs, the western part of the peninsula, the
Upper Paleozoic rocks, most of which consist of sandstone, clayslate and chert, are
distributed in two belts, northern or main and southern, attaining a total thickness
of about 2800 m. Besides, phyllitic rocks characterize the basal part, schalstein
the middle, and coarse clastic rocks the uppermost part. HIRAYAMA and TANAKA
(1956) divided the Chichibu System of this area into four divisions, A, B, C,
and D in ascendng order, of which A and B are referable to the Sakamotozawan.

The division A, which consists of phyllitic rocks, being barren of fossils,
whereas B (1200 m) is composed mainly of sandstone and clayslate, with lenti-
cular limestone lenses in lower (B;) and upper (B;) parts. HIRAYAMA and
TANAKA listed the following fossils.

In B; (Semuiji, about 2 km NW of Yuasa-machi; Myooji, Kibi-machi (about
4 km NNW of Yuasa-machi)) [Swo 32]

Pseudofusulina cfr. vulgaris globose (SCHELLWIEN)
Psf. sp.
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Schwagerina cfr. kagemoriensis (FUIIMOTO)
S. sp.

In B; (Furuemi, Minoshima-cho) [Swo 30]

Pseudofusulina sp.
Calcareous algae, bryozoan, stromatoporoid, brachiopod

It is clear that the subdivision B, is of the upper Sakamotozawan, and By
is referable either to the same age or to a part of the Nabeyaman.

The division A and B occur far eastward, but palentological datum available
so far is only Schwagerina sp. obtained at Onishi, Sashiki-mura (about 14 km
NEE of Yuasa).

Besides the above, the following species were reported from Hokaji, near
Yura [Swo 36] (SuGiyaMa, 1932), though stratigraphy of the Yura area is
not exactly known:

Pseudoschwagerina glomerosa (SCHWAGER)
Rugosofusulina prisco [EHRENBERG (MOLLER)]
Schwagerina incise (SCHELLWIEN)
Fusulinelle bocki MOLLER

Fusulinella bocki MOLLER seems to be derived fossil.

C. Shikoku

The southern half of the Shikoku Island is the typical representative of the
Outer zone of Southwest Japan where the Chichibu terrain is divided into three

belts or zones. Description of each belt or zone has already been stated in the
preceding chapter.

1. Eastern part of Tokushima Prefecture

The middle zone of Chichibu terrain located in the eastern part of Tokushima
Prefecture contains Permian rocks collectively called the Hisone Group and this
group is divided into the lower Kusune and the upper Hisone Formation.

The Kusune Formation [Swo 89] (800 m) with the type locality at the east
of Kusune, Anan city, consists of the alternation of phyllitic mudstone and sand-
stone, with dark purple to green schalstein. The limestone interbedded in
schalstein of the lower part yields the following species:

Quasifusulina longissima (MOLLER)
Triticites kawanoboriensis FUIIMOTO

Pseudoschwagerina aff. geyeri KAHLER and KAHLER
Pseudofusulinag regularis (SCHELLWIEN)

The above assemblage shows that the lower part of the Kusune Formation
is certainly Sakamotozawan in age.

The Ottate Formation [Swo 55] (HIRAYAMA et al., 1956) is limited in
distribution being sporadical small lenses in the northern part of the central
zone of Chichibu terrain. It is composed of sandstone with conglomerates and
tuffs. Since Pseudofusulina fusiformis has been obtained in the small limestone

lens exposed near Ottate, HIRAYAMA et al. referred this formation to the upper
Lower Permian.
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2. Central part of Shikoku

The Kameiwa Formation [Swo 66], the representative of the Sakamotozawan
in the northern belt, is the lower division of the Shirakidani Group. It is com-
posed of alternation of sandstone and mudstone with intercalations of thick
gchalstein, limestone and thin chert. According to SUYARI (1961, 1962) the
Kameiwa Formation comprises the zones of Pseudoschwagering, Schwagerina
and Misellina in ascending order. Judging from the faunal assemblages the
lower two zones are referable to the Sakamotozawan. It is noted that the con-
stituent species of SUYARI'S Pseudoschwagerina zone are mixed fauna of the
Tethysian and American elements. The existence of species of Millerella in the
Pseudoschwagerina zone is also noteworthy, though their true natures are not
exactly known because of incompleteness of his illustrations.

The Kameiwa Formation is perhaps one of the most prolific stratigraphical
units in Shikoku, and SUYARI reported many species of fusulinaceans from
twenty-nine localities, of which at least eighteen are referable to the Sakamoto-
zawan. He (1962) has recently described most of these species.

The Shimoyakawa Formation [Swo 73] is developed in the central part of
the northern belt with a nearly east-west trend. It is not known that whether
this formation is partly or wholly synchronous with the Kameiwa Formation
described above. According to ISHII et al. (1957) the Shimoyakawa Formation
is extremely rich in chert, but barren of fossils and is presumed to be the Lower
Permian in age.

3. Western part of Shikoku

The western extension of the Shirakidani Group appears in the central
southern part of Ehime Prefecture where it is called the Omodani Formation
[Swo 95] (IsHIZAKI, 1962). In the lower part of this formation indeterminable
species of Triticites and primitive form of Schwagerina have been reported with
Huangia hashimotoi (NAGAO and MINATO) which is a well known species in the
Sakamotozawan rocks of Japan. According to ISHIZAKI, the Omodani Formation
ranges up to the Akasakan, but the stratigraphical relationship with sub- or
superjacent formations is not known because of its tectonic contact with them.

The Onogahara Formation [Swo 100], which is regarded by IsHIZAKI (1962)
as being equivalent in part with the Shirakidani Group of SUYARI, contains the
Sakamotozawan in the lower part. However, ISHIZAKI reported only indetermin-
able species of Triticites and Pseudoschwagerina, and their faunal characteristic
are not known. The formation is in tectonic contact with the Omodani Formation
mentioned above.

KoBAYASHI (1950) listed a number of fusulinacean species which were
collected from 49 localities in the western part of Shikoku and identified by
TORIYAMA. About one-third of them is of Early Permian, but stratigraphy and
paleontological features of some of formations from which these species were
collected are not exactly known.

The westernmost representative of the Chichibu terrain of Shikoku is found
in the Yawatahama area [Swo 1127 of Ehime Prefecture where the name Futaiwa
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Formation is given to the phyllitic facies, Iwaki Formation to the alternation of
clayslate, sandstone and chert, and the Tawarazu Formation to the clastic facies
comprising clayslate, sandstone, chert, conglomerate, and limestone. The former
two are partly in fault contact but conformable with each other in general
(HIRAYAMA and KAMEE, 1956). The third, Tawarazu Formation is regarded as
a correlative with a part of the Sambosan Group (undifferentiated strata includ-
ing the Permian, the Triassic and the Jurassic) in Kochi Prefecture, owing to
the similarity of rock facies and to the tectonic position. No guide fossils for
dating have been found in these formations.

D. Kyushu

The Outer zone of Southwest Japan continues from Shikoku to South Kyushu
as seen by the similarity of the geological framework. In South Kyushu the

Usuki area of the east, the Kuraoka area of the central and the Kumagawa area
of the west have been studied in detail.

1. Usuki area

The Paleozoic rocks of Usuki area are developed in several tectonic belts
with about NEE-SWW trend. According to Fujsir (1954) the Chin’nanzan zone
[Swo 116] of the north and the lowest part of the Tsukumi limestone [Swo 114] of
the south are referable to the zone of Pseudoschwagerina. The Pseudofusulina
faunule obtained from the latter contains Psf. vulgaris fusiformis (SCHELLWIEN),
Triticites kagaharensis FUJIMOTO, Rugosofusulina sp., Pseudoschwagering sp.,
and Schubertella sp. The fusulinacean species described by Fusimoro (1937)
from Kawanobori [Swo 117] are regarded by FUJII to be equivalent in age. The
component species show that both the lowermost parts of the Tsukumi and
Kawanobori limestones are correlative with Pla -P18 subzone of the Akiyoshi
limestone Group. It should be noted that in the Usuki area the limestone con-
taining Pseudofusulina is covered obliquely by rocks which yield Neoschwagerina
craticulifera faunule.

2. Kuraoka area

The Yurugidake Formation [Swo124] (SAa1To and KAMBE, 1954; KAMBE
1957) occurs in the Kuraoka area located in the northwestern part of Miyazaki
Prefecture. This formation consists mainly of sandstone, clayslate, chert, lime-
stone, and schalstein with rare intercalation of conglomerate. Limestone ranging
from several to tens of meters in thickness yield mostly fusulinacean fossils. Ac-
cording to KAMBE (1957) fusulinaceans are reported from sixteen localities and
corals from two. Three fusulinacean localities are referred to the Sakamoto-
zawan; namely, Pseudofusulina sp. and Paraschwagering sp. from his loc. 1 (north
of Tenshuyama, Yabe-machi), Pseudofusulina cfr. kraffti (SCHELLWIEN) from
loc. 2 (Hirokawaradani, Yabe-machi), and Pseudofusulina cfr. kraffti (SCHELL-
WIEN), Psf. sp., Schwagerina alpina communis (SCHELLWIEN), and Schw. sp.
from loc. 3 (south of Ogawa, Gokase-machi) [Swo 126]. KAMBE correlated them
with the upper part of the zone of Pseudoschwagerina and with the upper subzone
of the upper formation of Tobiishi Group in Kuma massif.
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3. Kuma area

The Kuma massif located in the western-most part of the Outer zone in
Southwest Japan was studied by KANMERA (1955, 1958) who clarified the strati-
graphy of the massif in great detail and published a series of papers on fusuli-
naceans. The Paleozoic of the Kuma massif is also developed in several belts
with a general trend of NEE-SWW. The Yayamadake limestone Subgroup
[Swo 1367 of the Tobiishi Group in the Odao zone was extensively studied, being
ranging from Kurikian to Sakamotozawan in age. KANMERA divided the zone
of Pseudoschwagerina into the lower and upper subzones without giving a sub-
zone name. The lower subzone is characterized by the first appearance of Pseudo-
schwagerina cfr. muongthensis (DEPRAT) and by several species of Triticites,
such as T. parvulus (SCHELLWIEN), T. montiparus [EHRENBERG (MOLLER) ],
T. subobsoletus (0ZAWA), and T. aff. kagaharensis FUJIMOTO. The faunal assem-
blage of this subzone is similar to the Pla subzone of the Akiyoshi limestone
Group, and may have the same stratigraphical position. It should be noted, as
emphasized by KANMERA, that there is still a stratigraphical hiatus between the
lower subzone stated above and the underlying Triticites matsumotoi subzone of
the Hikawan age.

The upper subzone (about 55 m) of the zone of Pseudoschwagerina in the
Yayamadake limestone comprises larger, more advanced members of schwageri-
nids—Pseudoschwagerina minatoi KANMERA, Paraschwagerina shimodakensis
KANMERA, Triticites samaricus RAUSER-CHERNOUSSOVA, T. fornicatus KANMERA,
Rugosofusulina serrata. RAUSER-CHERNOUSSOVA, R. pristina KANMERA, Pseudo-
fusulina regularis (SCHELLWIEN), Psf. aff. dongvanensis (COLANI), Psf. santyu-
ensts FUJIMOTO, Psf. sokensis RAUSER-CHERNOUSSOVA, Psf. horrida KANMERA,
Psf. kumasoana KANMERA, Schwagerina stabilis (RAUSER-CHERNOUSSOVA), S. kro-
tow: (SCHELLWIEN), S. grandensis THOMPSON—, although some of these species
are limited in occurrence to the upper or to the lower part of this subzone.
KANMERA has correlated this subzone with the P1B subzone of the Akiyoshi
limestone Group.

Besides the Yayamadake Subgroup described above, the Kozaki Formation
[Swo 142] contains the upper Sakamotozawan in the basal part; namely, the
Misellina cloudiae zonule of the lower Subformation of the Kozaki Formation is
correlated with the Pseudofusulina ambigua subzone of the Akiyoshi and Ibuki
limestones, etc. (KANMERA, 1961, 1963). The diagnostic species of the Misellina
claudiae zonule are M. cloudiae (DEPRAT), Nankinella kozakiensis KANMERA,
Sphaeruline crassispira japonica KANMERA, Minojapanella sp., Toriyamaia
laxiseptate KANMERA, Nagatoella sp., Parafusuline (Skinnerella) gruperaensis
THoMPSON and MILLER, P. (S.) figueroai THOMPSON and MILLER, P. (S.) naka-
migawai MORIKAWA and HoORIGUCHI and Monodiexodina kumensis KANMERA. The
stratigraphical significance of the Misellina claudiae zone as well as that of the
overlying Neoschwagerina simplex zone has been discussed by KANMERA at
length. (See also p. 139)
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Chapter VIII. The Zone of Parafusulina

I. Kitakami and Abukuma massifs
A. Southern part of Kitakami massif
1. Setamai area

As well as the “Neoschwagerina zone”, the “Parafusuling zone” is difficult
to define with certainty in the Setamai area which is the standard area of the
massif. With his collaborators, MINATO (1954) divided the Sakamotozawa
limestone (their IX formation of calcareous facies) by the upper limit of
Pseudoschwagerine into the Kawaguchi Member of Pseudoschwagerina zone
below and the Kabayama Member of Parafusulina zone above. The same division
was also supported by ONUKI (1956) who listed Nankinella discoides (LEE),
Pseudofusuling vulgaris globosa (SCHELLWIEN), P. kraffti (SCHELLWIEN), Para-
fusulina cfr. gigantea (DEPRAT), Monodiexodina matsubaishi (FUJIMOTO), and
Eoverbeekina cheni THOMPSON as the characteristic species of the “Parafusuling
zone” of the Hikoroichi-Setamai area.

Later, based on the additional research, MINATO ef al. (1959) presumed that
the Kabayama Member is correlative with the lower half of the “Parafusulina
zone” and the Katchizawa Member (the lower division of the Kanokura Forma-
tion) with the upper half. MINATO ef al. (1965) then divided the Sakamotozawa
Formation into the Kawaguchi Member of the Pseudoschwagerina zone and the
Kabayama Member of the Pseudofusulina zone, and they referred the Katchizawa
Member only to the Parafusulina zone. As shown above, the fusulinacean zonation
in the Sakamotozawa and Kanokura Formations has often been modified and
still is not settled by concrete paleontological evidence. This is due to the fact
that all these discussions on the zonation and correlation were based not on
the species zone, but on the genus zone which often resulted in a considerable
dispute on the stratigraphic position of the formations under consideration.

The Katchizawa Member of the Kanokura Formation, which overlies un-
conformably the Sakamotozawa Formation, is very poor in fusulinacean fossils
except for Monodiexodina matsubaishi (FUJIMOTO) which has a rather long
stratigraphic occurrence, ranging from the I, horizon (“Pseudoschwagering
zone” of MINATO et al.) to the L, horizon (“Yabeina zone”). Since this species
has not been found in other Nabeyaman rocks in this country, the true strati-
graphic range is not exactly known. Moreover, it occurs with Michelinia (Proto-
michelinia) multitabulata YABE et HAYASAKA and Yatsengia kabayamensis MINATO
which are also known only from this area. These facts suggest that the Nabeya-
man of the Kitakami massif differs paleogeographically from that of Southwest
Japan.

Besides the Kanokura Formation in the standard area, the Nabeyaman is
known in several localities of the Kitakami massif, most of which contain an
abundance of brachiopod fauna instead of fusulinaceans.

2. Yonezato area

The Omoriyama Formation (200 m) [Ka 19], consisting of conglomerate and
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sandstone, is distributed narrowly in the environs of Otomo, Otomo-mura and to
the west of Omoriyama. According to HIROKAWA and YOSHIDA (1954), the
brachiopod fauna occurs 700 m south of Otomo primary school and comprises
Productus horridus SOWERBY, Pr. sp., Spiriferina cristata SCHELLWIEN, and Rhyn-
chonella sp., with coral species, Amplexus sp. This fauna is identical with that
described by HAYASAKA (1922, 19238, 1925) from Yahagi [Ka 33], Kesen-gun. The
joint authors correlated the Omoriyama Formation with the Kanokura Formation
in the standard area.

3. Kesennuma area

As already mentioned in the preceding chapter, the Kesennuma area [Ka 41]
is one of the classical localities in the studying of the Paleozoic stratigraphy and
paleontology of Japan. The area has been studied in detail by KAMBE and
SHIMAZU (1961) who reported many species of Pseudofusuling, Parafusulina
and Schwagerina from several localities in their Sakamotozawa Formation*,
most of which, however, have not been determined except for Pseudofusulina
kraffti (SCHELLWIEN). They correlated the above fauna of the Kesennuma
area with the upper part of the Pseudoschwagerina zone to the Parafusulina zone.
No representatives of neoschwagerinid are associated with the above schwageri-
nid fauna.

The Kanokura Formation in the Kesennuma area was also studied by many
other workers including YABE (1900), HAYASAKA (1922), SHIIDA (1940), MINATO
(1955), ete. Like in the standard area, the fusulinaceans do not play the
leading role in the Kanokura Formation of the Kesennuma area; viz., brachio-
pods and corals are the main constituents of the fauna. Leptodus (Lyttonia)
richthofeni KAYSER, Productus flemingi (SOWERBY) de KONINCK, Dielasma
cfr. biplex WAAGEN, etc. are the characteristic representatives together with
Waagenophyllum polyseptata MINATO and Monodiexodina matsubaishi (FuJI-
MOTO). Besides KAMBE and SHIMAZU (1961) reported indeterminable species
of Neoschwagerina, Pseudodoliolina, Parafusulina, Pseudofusulina, and Schwa-
gerina and bryozoans, and they assigned the Kanokura Formation of Kesennuma
area to the Middle Permian ranging from the zone of Neoschwagerina to that of
Yabeina. Since the brachiopod faunas have been found mostly in sandstone and
fusulinaceans in limestone, finer observation on the stratigraphical relationship
between them seems necessary.

MURATA (1964) recently described 8 species, of which 6 are new, of aviculo-
pectinidids from the Kanokura Formation and its equivalent Hiryuyama Forma-
tion [Ka 8]. Because the fauna shows close affinity either with Eurasian or
with certain North American forms, MURATA correlated the Kanokura and the
Hiryuyama Formation with the Word Formation of North America.

4, Maiya area
Conformably overlying the Nishikori Formation [Ka 43] of the Sakamoto-
zawan, the Rodai Formation [Ka 47] is the representative of the Nabeyaman in

* KAMBE and SHIMIZU (1961) followed MINATO et al. (1954) in the division of the
Permian.
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this area and is developed in several separated localities. This formation
(210 m) consists of the upper limestone member and the lower member of alter-
nation of sandstone and slate. Michelinia (Protomichelinia) multitabulata
(YABE and HAYASAKA) represents a useful guide species in the upper limestone
in which numerous species of fusulinaceans occur such as Foverbeekina cheni
THOMPSON and FOSTER, Pseudofusulina kraffti (SCHELLWIEN), Parafusuling cfr.
kaerimizensis (OZAWA), etc. It is rather strange that there are only two common
species between the species listed by ONUKI et al. (1960) and those* by CHISAKA
(1962). Nevertheless it seems safe to correlate the Rodai Formation with the
Nabeyaman.

It is noted that in the black shale interbedded in marine sediments of the
lower member of the Rodai Formation is found a rich flora named the “Maiya
flora” by AsAMA (1956). According to him the “Maiya flora” consists mainly
of Euramerican Permo-Carboniferous elements in which Gigantopteris Whitei,
and species of Taeniopteris, Odontopteris and Sphenophyllum are contained. The
first named species, which is one of the characteristic species of the Cathaysian
flora, has been found in the Shansi Formation of North China which is of
non-marine facies. Besides, the occurrences of Cordaites principalis is also
common in the Arcto-Carboniferous flora and Cordaites (Noeggerathiopsis)
Arakawae belongs to the Gondowana (Glossopteris) flora. Thus the facts imply
a very significant problem concerning the paleogeography during the Middle
Permian time.

B. Northern part of Kitakami massif
1. Kamiarisu—OQOhashi area

This area [Ka 13-16] is located to the south of the Kamaishi mine and is
a representative of the schalstein facies of northern Kitakami type of ONUKI.
The Kasshi Formation [Ka 15] is the representative of the Nabeyaman in this
area, though it partly grades into the lower Tsuchikura and the upper Daido
Formation. This formation develops as the eastern and western wings of a
syncline with the Tsuchikura green rock Formation in the axis. The eastern
wing consists mainly of cherty clayslate and chert with limestone. Misellina sp.
has been reported from a limestone east of Ohashi [Ka 13]. The western wing
contains thick limestone with a maximum thickness of 180 m, yielding species of
Parafusulina and coral along with numerous crinoid fossils. Since indeterminable
species of Neoschwagerina has also been found in the upper part of the Kasshi
Formation (ONUKI, 1956), it is not improbable that this formation may comprise
the Akasakan in its upper part and the Sakamotozawan in its lower part as well.

2. Omatsu-Dosen-Ogawa mine area
According to ONUKI's division, the Permian of this area is a representa-
tive of the schalstein-dominated area in which limestones are found as thin beds

* CHISAKA described four new species of schwagerinid from the Rodai Formation,
most of which are poorly preserved and somewhat deformed and they seem to be not
enough to establish new species.
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or lens. Although the occurrence of Parafusulina sp. in the limestone at Omatsu
[Ka 15] is the only available paleontological evidence, a part of the Permian in
this area is re sarded to be Nabeyaman (ONUKI, 1956).

3. Toyomane-Hanawa area

Conformably overlying the Toyomane Formation [Ka 5] of the Sakamoto-
zawan, the Hanawa Formation [Ka 4] (1700 m) is a representative of ONUKI's
chert-dominated area in the northern Kitakami massif. Since indeterminable
species of Parafusulina and Neoschwagerina have been found in this formation,
ONUKI correlated the Hanawa Formation with the Kanokura Formation of the
southern Kitakami massif. It is noted that Neoschwagerina has been found
abundantly at Kitakawame of Hanawa-mura without any trace of Yabeina.

In the present definition the upper part of the Toyomane Formation and the
lower part of the Hanawa Formation are possibly referable to the Nabeyaman.

4, Iwaizumi-Akka area

A large mass of limestone called the Akka limestone [Ka 1] is developed
near the eastern margin of the northern Kitakami massif with a length of about
50 km (NNW direction) and a maximum width of about 4 km. Its center is at
Akka, Akka-mura. An occurrence of Parefusulina sp. and Michelinia multitabu-
lata YABE and HAYASAKA is, according to ONUKI (1956), the only available
paleontological evidence for the age determination of this huge limestone mass.
Although ONUKI referred the Akka limestone to the zone of Parafusulina, the
true stratigraphical range of the limestone is not known.

C. Abukuma massif

Takakurayama area

Takakurayama and its environs have the best exposures for studying
the Abukuma metamorphics, because they consist of schists, phyllites, and
clayslates of various grades of metamorphism, with occasional intercalations of
limestone lenses and calcareous conglomerate. The name ‘Yakuki Series”
[Ka 557 has been given to the rock unit which has a considerable high grade of
metamorphism whereas the Takakurayama Group [Ka 56] of low grade meta-
morphism keeps its original rock structure (IwAo and MATsUI, 1961). The
geology of the area has been investigated at some length by YANAGISAWA and
NEMOTO (in HAYASAKA, 1965) who divided the Takakurayama Group into three
formations; the lower Iriishikura Formation of slate facies (100 m), the middle
Motomura Formation of conglomerate facies (70-170 m), and the upper Kashiwa-
daira Formation of slate facies (420-530m). According to HAYASAKA (1957,
1965), Parafusulina sp. occurs in the middle formation with Wentzelella minor
EcucH1 (MS), Lophophyllum aff. pendulum GRABAU, Liebea sp., and Waageno-
phyllum? sp. In addition, he described three species of nautiloids and eight
species of ammonoids including species of Tainoceras, Agathiceras, Waageno-
ceras, Stacheoceras, etec. Although, without exception they are poorly preserved,
HAYASAKA is of an opinion that the ammonoid faunule, and in all probability the
Takakurayama Group as a whole, corresponds to the Sosio Stage of Middle
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Permian, and that the group was deposited rather rapidly in an area not far from
shore, possibly in a lagoon. Mention should be made of the fact that the terrestrial
plants are rather frequently found in the slate beds of the Kashiwadaira Forma-
tion. They are identified by KoN'No (in HAYASAKA, op. cit.) as Calamites sp.,
Pecopteris sp. and Taeniopteris sp.

II. Inner zone of Northeast Japan

Taishaku mountain range

Little is known of the stratigraphy of this wide area. As will be mentioned
in the following chapter, FusiMoro and KoBAYASHI (1961) reported indetermin-
able species of neoschwagerinids from the environs of Hanawa [Nei 10], Kuri-
yama-mura, Shioya-gun, Tochigi Prefecture. Some contributions have been made
to the stratigraphy of this area by Koiwarl (1965) who reported Parafusuling
gigantojaponica KOBAYASHI from Yunishigawa, and Parafusulina yabei HANZAWA,
Pseudofusulina japonica (GUMBEL), Psf. cfr. crassa (DEPRAT), and Neoschwa-
gerina colaniae OZAWA from limestone boulders of unknown origin in this area.
This suggests that the Nabeyaman is developed in this area as well as the
Akasakan. Further detailed stratigraphic study of these Upper Paleozoic rocks
is necessary.

III. Kwanto massif
1. Nabeyama area

The Paleozoic rocks are widely developed in the Ashio massif located in the
northern part of the Kwanto province. The Nabeyama limestone [Kw 4], located
in the southern part of the massif, has long been known for its fossil content of
brachiopods and fusulinaceans. However, HAYASAKA (1926, 1944), NAGAO and
MiNnATO (1943), and FuJimoTo (1938, 1961) expressed conflicting opinions
concerning the stratigraphical age of the Nabeyama limestone.

YosHIDA (1956, 1957) studied the stratigraphy of this area at some length
and divided the Nabeyama limestone into three divisions, the upper and lower
limestones and the middle dolomite. He found many fusulinaceans in the lower
and upper limestones, the former of which was referred to the Parafusulina—
Pseudodoliolina zone and the latter to the Verbeekima—Neoschwagering zone.
However, his new species have been left as nomina nuda.

In cooperation with SATO, IGo, AKAGI, and IsHII, FuJsiMoTo (1961) studied
the stratigraphy of the area in detail. He divided the Nabeyama Formation
[Kw 4], the lowest division of the Aso Group¥, into three members: the lower
Yamasuge limestone, the middle Hanetsuru dolomite, and the upper Karasawa
limestone which correspond to the three divisions of YOSHIDA, respectively.

The Yamasuge limestone Member consists mainly of black or dark grey
limestone, with intercalations of dolomitic limestone, dolomite, tuff, and shale.
The well stratified limestone contains an abundance of fusulinaceans, corals,
crinoids, brachiopods, and scaphopods. FuJIM0TO identified the following species
in this limestone member:

* YOSHIDA’S (1956) Nabeyama Group.
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Schubertella kingt DUNBAR and SKINNER
Minojapanella elongate FUJIMOTO and KANUMA
Schwagerina krotow: (SCHELLWIEN)

S. guembeli DUNBAR and SKINNER
Pseudofusulina granum-gvenae (ROEMER)

Ps. ambigua (DEPRAT)
Parafusulinag yabei HANZAWA

P. kattaensis (SCHWAGER)

P. kaerimizensis (OZAWA)

P. splendens DUNBAR and SKINNER

Pseudodoliolina ozawai YABE and HANZAWA

Ico (1964), a collaborator of FuJimMoTo, carried out detailed micropaleonto-
logical studies on some of fusulinaceans collected from the Yamasuge limestone
Member. He redefined Parafusulina yabei HANZAWA with a detailed discussion
on the intraspecific variation in this species and proposed many subspecies. He
included Parafusuline nabeyamensis MORIKAWA and TAKAOKA and P. tomuroensis
MorikAWA and TAKAOKA into P. yabei (s.l.) as subspecies together with a new
subspecies P. yabei hanzawae 1Go. In addition, Schwagerina kinosakii MORIKAWA
(1958) from the Akasaka limestone and Parafusulina parakinosakii MORIKAWA
and IsoM1 (1961) from Iwasayama and Iwakurayama, east of Lake Biwa, Shiga
Prefecture are regarded as synonymous with Parafusulina yabei yabei and
P. yabei nabeyamensis, respectively. P. kaerimizensis (OZAWA) and P. nakami-
gawat MORIKAWA and HORIGUCHI were also described. However, fine biostrati-
graphic zonation throughout the Yamasuge limestone Member has not been settled.

Although most of the species reported by FUJIMOTO have not been described,
the faunal assemblage shown above suggests that the Yamasuge limestone Member
is referable at least to the Pmqg subzone of the Akiyoshi limestone Group with
a possibility of having a part of the Ply subzone in the lower part. The existence
of Schwagerina guembeli DUNBAR and SKINNER and Parafusulina splendens
DUNBAR and SKINNER is noticeable. Both of them are known fo occur in the
zone of Parafusulina of Texas. If the species of Nabeyama are exactly conspecific
with those of Texas, their occurrence implies a problem concerning the paleogeog-
raphy in the Middle Permian time.

2. Shomaru-toge area

In the standard area of the Kwanto massif, a part of the III zone of Neo-
schwagerina craticulifera or Pseudofusulina ambigua may be referable to a part
of the Nabeyaman. Having studied the Shomaru-toge area [Kw 31], MORIKAWA
(1955) correlated the zone of Neoschwagerina of Japan with the zone of Para-
fusulina of North America without comparing the faunas of both regions. He
set up a Schwagerina zone between the Neoschwagerina and the Pseudoschwa-
gerina zone, and named the Shimokuzu Stage. The constituent species of this
zone are:

Codonofusiella sp.

Pseudofusulina tenuis CHEN

Psf. modica (THOMPSON and HAZZARD)
Psf. japonica (GUMBEL)
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Psf. kraffti (SCHELLWIEN)
Schwagerina paraguembeli MORIKAWA
Parafusuling kaerimizensis (QZAWA)
Nagatoella fujimotoi MORIKAWA

N. terazawensis MORIKAWA (MS)
Misellina claudiae (DEPRAT)

Of the species listed above, Pseudofusulina modica (THOMPSON and HAZZARD)
is known from the zone of Pseudoschwagerina in Providence Mountain Range of
California. Judging from the faunal assemblage, the Shimokuzu Stage may be
correlative with the Ply subzone of the Akiyoshi limestone Group.

IV. Hida massif and Tamba zone
A. Hida massif
1. Omi limestone

According to KAwADA (1954), the P2 Formation of the Omi limestone [Ht 1],
which is referred to the zone of Neoschwagerina, directly overlies the P1 Forma-
tion of the zone of Pseudoschwagerina-Pseudofusulina. He divided the Neo-
schwagering zone into two parts; the lower part is equivalent to the zone of
Parafusuling s. str., though he did not set up the Parafusuline zone in the Omi
limestone because of the scarcity of species of that genus. The lower part con-
tains Pseudofusuling kraffti (SCHELLWIEN), Psf. japonice (GUMBEL), Schwa-
gerina krotowi (SCHELLWIEN), and indeterminable species of Pseudofusulina,
Parafusulina and Schwagerina, but no species of neoschwagerinids. The above
faunal assemblage shows that the lower part of the P2 Formation is referable to
the Ply subzone of the Akiyoshi limestone Group. A part of the P2 zone defined
by FuJitAa (1958) is referable to the Nabeyaman.

2. Azusagawa area

The widely developed Permian rocks in the Azusagawa valley in the western
part of Nagano Prefecture were named the Azusagawa Group [Ht 8] by TANAKA,
KoBAYASHI and KAMEI (1952), the type locality of which is seen from Shimajima
to Kamikochi along the Shimajimadani valley, a tributary of Azusagawa. The
joint authors divided this group (more than 7000 m) into three formations,
naming G.1, the Shimajima [Ht7] (1500m), G.2, the Ichinosawa [Ht4]
(3500 m), and G.3, the Tokugotoge [Ht 6] (2000 m+) Formation in ascending
order. Although the lower two formations are barren of fossils, the Tokugotoge
Formation yields fusulinaceans and other fossils in the limestone (Iwanadome
limestone [Ht 5]) intercalated in the upper part. They are:

Pseudofusulina japonice (GUMBEL)

Psf. ambigua (DEPRAT)
Parafusulina kaerimizensis (OZAWA)
Pseudodoliolina ozawai YABE and HANZAWA
Neoschwagerina craticulifera (SCHWAGER)
Schubertella sp.

Mizzia velebitana SCHUBERT
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This faunal assemblage indicates that the Tokugotoge Formation is of the
Nabeyama age.

Above the Iwanadome limestone, a characteristic conglomerate called the
Sawando conglomerate [Ht 9] occurs, in which are contained various kinds of
sedimentary pebbles including clayslate, sandstone, chert, and limestone in addi-
tion to igneous pebbles of aplite, quartz-porphyry and granitic rocks. The
Sawando conglomerate is regarded as intraformational, being a subject concerning
the source area of pebbles, especially that of igneous ones.

The joint authors emphasized the occurrence of brecciated slate fragments
of irregularly angular shape either in conglomerate or in sandstone or slate
which appear as the lateral extension of the conglomerate. These brecciated
slates are considered to be produced by contemporaneous erosion. 'The Sawando
conglomerate was correlated by the joint authors with the Katchizawa Member
of the Kanokura Formation of the Kitakami massif and to the upper part of the
Ichinotani Formation of the Hida massif.

3. Kiso massif

The wide area covering the northern part of the Kiso massif is occupied by
the Paleozoic rocks which have similar lithology to that of the Azusagawa Group
and are transitional between the non-metamorphic Paleozoic and the Ryoke
metamorphics. These Paleozoic rocks have been studied by IsoMI and KATADA
(1959) who classified the non-metamorphic Paleozoic into three facies, chert,
fine-clastic and coarse clastic. ISOMI and KURODA have stated that the Upper
Paleozoic rocks of this area are Flysch-type sediments with submarine voleanics.
Stratigraphical dating of these rocks is very difficult because of the extreme
scarcity of fossils.

4, Fukuji area

In the Fukuji area the Sorayama Group overlies the Lower Permian Mizu-
yagatani Formation, the upper division of the Ichinotani Group, with a pre-
sumable unconformity. In the lower part of the Sorayama Group is found a
conglomerate bed named the Osobudani conglomerate [Ht 28] by Ico (1956).
This conglomerate contains a heterogenous assemblage of pebbles of limestone,
shale, chert, tuff, tuff breccia, “schalstein”, granite, porphyritic granite, porphry,
andesite, and spilitic basalt. Various fossils were found in the limestone pebbles
ranging in age from Slurian to Permian. Because the upper division of the
Mizuyagatani Formation yields no species of Pseudofusulina nor any other
Permian fusulinaceans, 1o regarded the Osobudani conglomerate as early Middle
Permian age.

The species found in the limestone pebbles of the Osobudani conglomerate
are as follows:

Hayasakaina kotakiensis Fusyimotro and 1go
H.? kawadai 160

Schubertella sp.

Pseudofusulina duplithecata 1Go
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Psf. spp. A and B
Misellina minor (DEPRAT)

Of these species Pseudofusulina duplithecata and two species of Hayasakaina
were described and illustrated by Igo. Although he considers Hayasakaina as
a derivative of Nankinelle or of Staffella rather than of Ozawainella, it seems
that there is no fundamental difference between Hayesakaina and Nankinella,
and the two genera are probably synonymous with each other.

5. Hirayu area

The Hirayu Group is developed in the environs of Hirayu and Nyukawa-mura
(south of Fukuji area) and is partly Nabeyaman in its middle portion. Accord-
ing to Ico (1959) the zone of Parafusuline of the Hirayu Group [Ht80] is
divisible into two subzones, the upper Parafusulina hirayuensis and the lower
Schwagerina yabei subzone. All the species of these subzones have been described
by Ico along with a discussion on the correlation, and there is no reason for
further discussion at this time. Although Pseudoschwagerina sp. was left
unnamed in his paper (1959), it has been restudied on further material and
described (1964) as Pseudoschwagerina (Robustoschwagerina) schellwieni HAN-
ZAWA with a discussion on the stratigraphical range of that species.

6. Hachiman area

A wide area covering the southern part of the Hida massif and the north-
eastern part of the Mino massif has been studied by KANUMA (1949-1958) at
some length. In this area the followings are referable to the Nabeyaman: (1) the
lower part of the Okuzumi Formation [Ht41] in the northern part, (2) the
Kuchibora Formation [Ht 44] in the central part, and (8) the middle division
of the Tominoho Group [Ht 46] in the southern part.

Through his paleontological studies of fusulinacean faunas obtained from
these formations KANUMA set up three fusulinacean zones in the Permian section
in the area under consideration. The middle, zone of Parafusulina, is further
divided into two; namely the lower part is characterized by Pseudofusulinag
paratschernyschewi KANUMA, Psf. kareffti (SCHELLWIEN), and Psf. japonica
truncata (0ZAWA), and the upper part by Cancellina nipponica (OZAWA), Neo-
schwagerina simplex OZAWA, Misellina claudiae (DEPRAT), and Parafusuline
kaerimizensis (OZAWA). Since all the fusulinaceans except for the neoschwa-
gerinids have been described by KANUMA, further discussion seems unnecessary.

7. Funafuseyama area

It has long been known that the Upper Paleozoic rocks are widely distributed
in the Funafuseyama area [Ht 48] but little work has been published. Recent
study by OcawA and IGo (in FUJIMOTO ef al., 1962) has added some knowledge to
the stratigraphy and paleontology of this area. According to them the Funa-
fuseyama limestone has the Nabeyaman zone of Parafusulina in the lower part,
which is divided into the lower Pseudofusuline japonica and the upper Para-
fusuling iisakai subzone. Although the faunal characteristics of these subzones
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are not known, four species of Parafusuline including P. disakai have been
described by Ico and OcawaA (1958). The lower P. iisakai subzone rests con-
formably on the Pseudofusuling vulgaris zone of the Sakamotozawan.

8. Neogawa and Ibigawa areas

The Uoganeyama Formation [Ht 57] extends westward from the Neo area
to the Yokokura and Kuze-mura areas. The lithology is similar in both areas,
but the fossil content in the limestone is not the same and species of Pseudo-
fusulina and Parafusulina and Cancellina nipponica have been found in the
Yokokura and Kuze-mura area (IGo in FUJIMOTO et al., 1962). This indicates that
the Uoganeyama Formation in this area is dated as the Nabeyaman. The thick
formation (about 5000 m) of similar lithology occurs further northwestward in
the upper valley of Ibigawa, and is named the Tenguyama Formation [Ht 55]
(Yokoo in FuJimMoTO et al., 1962) which rests on the Yokoyama Formation
[Ht 54] (3000 m) and is overlaid by the Oya Formation [Ht 53] (4000 m).

The Tenguyama Formation yields species of Pseudofusulina, Parafusulina,
Neoschwagerina, and Verbeekina, but further information on their faunal char-
acteristics is not available. The Tenguyama Formation seems to be referable
to the Akasakan rather than the Nabeyaman.

The Ibigawa area was also studied by KAJITA (1963) who proposed the
Sakauchi Formation [Ht 56] for the Paleozoic of the Nyukawa facies of this area,
the main component of which is basic tuff and slate with chert and limestone.
KAJiTA reported indeterminable species of Pseudofusulina, Parefusulina and
Neoschwagerina. Thus, a part of the Sakauchi Formation is probably referable
to the Nabeyaman.

MI1YAMURA (1965) studied at some length the biostratigraphy of the Yoko-
yama area along the middle and upper parts of Ibigawa valley. He correlated
the lower part of his Parafusulina and Neoschwagerina zone with the zone of
Parafusuling of Ibukiyama limestone (the lower Pseudofusulina ambigua and
the upper Parafusulina sapperi subzone) and of the Akiyoshi limestone (the
lower Pseudofusulina ambigua and the upper Parafusulina kaerimizensis sub-
zone). MIYAMURA (op. ctt.) listed 4 species of Neoschwagerina, 1 species of
Cancellina, 5 species of Parafusulina, 1 species of Pseudodoliolina, 7 species of
Schwagerina, 19 species of Pseudofusulina, 1 species of Acervoschwagerina, and
4 species of Schubertella in the lower part of the Parafusulina and Neoschwa-
gerina zone. Among them Parafusulina kaerimizensis (OZAWA) and P. takeyamai
MoRrIKAWA and IsoMI are characteristic to this part.

The exact relationship between the Sakauchi Formation of KAJITA and the
stratigraphic divisions of MIYAMURA, most of which have been left unnamed, is
not known, and none of the species reported by KAJITA and MIMAMURA have
been described.

9. Kuzuryu area

In the northern marginal area of the non-metamorphic Paleozoic terrain
of the Hida massif (the upper valley of Kuzuryu-gawa) are found Middle Permian
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rocks called the Nojiri Group (FuJimMoro et al.,, 1962). The Otani Formation
(or Otani conglomerate) [Ht72], the lowest of the Nojiri Group, consists of
red-brown to red-purple conglomerate with various kinds of pebbles, including
granodiorite, schalstein, serpentine, gabbro, phyllite, sandstone, chert, and lime-
stone. Because various kinds of fossils* ranging from Silurian to Lower Permian
were found in the limestone pebbles, the Otani Formation was dated to the
Middle Permian (KAWAT, HIRAYAMA and YAMADA, 1957; FuJIM0TO et al., 1962).
In the limestone conglomerate of the Otani Formation, Lepidolina kumaensis
KANMERA has recently been found by YAMAGUCHI and OHTA (1965) and described
by HASEGAWA (1965), which led them to the conclusion that at least a part of the
Otani Formation is dated to the Upper Permian. It must be noted that the fossils
were found only in the pebbles of conglomerate and not in matrices.

However, OSHIMA** has found that the Otani conglomerate covers the
Tomedoro Formation*** of the Lower Permian age unconformably, and is correla-
tive with the Konogidani Formation of presumable Cretaceous age by the simi-
larity in lithofacies. The latter (Konogidani Formation) which yields Rugoso-
fusulna cfr. alping (SCHEEWIEN) in the limestone pebbles of conglomerate was
also referred to the Middle Permian (FUJIMOTO et al., 1962), but it is also trans-
ferred to the Cretaceous.

It seems necessary to restudy the similar conglomerates developed in the
Hida massif. They are Nojiri, Kamihirose, Sorayama, Wadano, Shimizukura,
and Suzuka conglomerates, and they were all referred by KANUMA et al. (1956)
to the zone of Parafusulina.

10. Akasaka area

As discussed in Chapter I, OZAwA’s Nn zone is one of the representatives of
the Neoschwagerina simplex biofacies, comprising several species of Schubertella,
many species of Pseudofusulina including Psf. japonce (GUMBEL), a primitive
member of Verbeekina; V. sphaera OZAWA, Pseudodoliolina lepida (SCHWAGER),
two species of Cancellina; C. nipponica (OZAWA) and C. schellwieni (DEPRAT) ;
and a most primitive representative of Neoschwagerina, N. simplex OZAWA. In the
uppermost part of the Nn zone OzAwA listed N. craticulifera (SCHWAGER) and
N. multicircumvoluta (DEPRAT).

In the joint study of MORIKAWA et al. (Akasaka Research Group, 1956), the
Akasaka limestone was divided into seventeen horizons in which they listed 46
species including 18 new species and varieties. All these new species and varieties
have been left as nomina nuda. Based on the materials collected by the Akasaka
Research Group, MORIKAWA (1958) later described several schwagerinid species
including ten new species and varieties, but he did not designate which of the

* Among them the Silurian corals were first found, and the Otani conglomerate was
first thought to be the Silurian by KAMEI (1949, 1950).

*#* OSHIMA, H.: Paleozoic and Mesozoic Formations in the central part of Izumi-mura,
Fukui Prefecture. Graduation thesis (No. 189), Kyushu University, 1965.

#%% The Tomedoro Formation is equivalent to the Konogidani Formation of OZAKI
(1954) and FuJiMoto et al. (1962).
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new species of the Akasaka Research Group his new species were identified with.
Most of MORIKAWA’s new specific names are different from those proposed by
the Akasaka Research Group in spite of the fact that they dealt with the same
materials. Such being the case, their range-chart is not available for the critical
discussion for correlation. However their lower formation, which ranges from
the horizon a to g, is perhaps referable to the Nabeyaman.

The Umetani Formation [Ht 60], developed to the west of the Akasaka
limestone, covers conformably the Oishi Formation [Ht 63] of the Sakamotozawan
age. It is not known whether the Umetani Formation is of the Nabeyaman or
not, because no fusulinaceans have been detected in the formation.

B. Tamba zone
1. Ibukiyama area

The Ibuki area is the boundary area between Shiga and Gifu Prefectures
and has a wide distribution of the Permian rocks in which a contrast between
the calcareous and non-calcareous facies is rather remarkable.

In the northernmost part of this area, namely in the environment of the
Tsuchikura mine, the Permian is widely exposed. According to KANUMA (in
FuJgiMoTto et al.,, 1962) it is divided into the upper Tsuchikura [Ht 91’] and the
lower Deguchi [Ht 91] Formation, the latter of which contains Pseudoschwa-
gerina sp., Parafusulina sp. and Cancellina nipponica. Therefore the Deguchi
Formation is dated as the Nabeyaman with a possibility of having a part of the
Sakamotozawan in the lower part.

The Otaniyama Formation [Ht 93], the upper division of the Kusanokawa
Group, is developed northwest of Ibukiyama and composed of chert with inter-
calation of limestone which contains the following species referable to the
Nabeyaman (Isomi, 1956) :

Neoschwagerina cfr. simplex OZAWA
Pseudofusuling cfr. japonica (GUMBEL)
Pseudodoliolina ozawai YABE and HANZAWA
Misellina sp.

The Ibukiyama limestone [Ht 96] has the zone of Cancellina nipponica and
Pseudofusuling kraffti in its lower part in which the following species were
reported by SEKI (1938):

Cancellina nipponica (OZAWA)
Neoschwagerina craticulifera (SCHWAGER)
Misellina aliciae (DEPRAT)

M. cfr. ovalis (DEPRAT)
Pseudofusulina kraffti (SCHELLWIEN)

Psf. multiseptata (SCHELLWIEN)
Psf. granum-avenae (ROEMER)

Schwagerine tschernyschewi (SCHELLWIEN)
Schubertella giraudi (DEPRAT)
S. simplex (LANGE)

Similar fusulinacean fauna is known in the limestones exposed on small hills
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to the south of Ibukiyama, which are the southern extension of the Ibukiyama
limestone. According to IsoMI (1956), species of Neoschwagerina are rare
in occurrence in the lower part of these limestones and become abundant in
the upper part. Accordingly he referred the lower part of the lower division
of the Ibukiyama limestone to the upper part of the zone of Parafusuline and
the upper part to the lowermost of the zone of Neoschwagerina. However,
excepting for N. craticulifera, all the species of Neoschwagerina bear primitive
aspect and the associated species of Pseudofusulina indicate that the lower
division of Ibukiyama limestone is as a whole referable to the Nabeyaman rather
than the Akasakan.

Accordng to M. KoBAYASHI (1957) the Parafusulina zone of the Ibukiyama
limestone is divisible into the lower Pseudofusuline ambigua subzone of about
170 m thickness and the upper Parafusuline sapperi subzone of about 50 m thick-
ness. The uppermost part of the former, which is characterized by Cancellina sp.
and Pseudofusulina japonice faunule, and the whole of the latter are referable to
the Nabeyaman. All of the species of the ITbukiyama limestone were adequately
described by KOBAYASHI.

MoRrIKAWA and IsoMI (1961) described several species of fusulinaceans from

the Iwasayama [Ht 97’] and Iwakurayama [Ht 68] limestones, located to the
south of Ibukiyama. They are:

Yangchienia sp.

Codonofusiella sp.

Biwaella omiensis MORIKAWA and IsoMI
Pseudofusulina lepida (DEPRAT)
Parafusuling exilis (SCHWAGER)

P, parakinosakit MORIKAWA and IsoMI [=P. yabei nabeyamensis]
P. takeyamai MORIKAWA and IsoMI
P. iwasensis MORIKAWA and IsoMI

Verbeekina sp.

Pseudodoliolina ozawai YABE and HANZAWA
Cancellina nipponica OZAWA
Neoschwagerina cfr. colaniae OZAWA

MORIKAWA and IsoMI correlated the Iwasayama and Iwakurayama limestones
to the lower part of the Ibukiyama limestone Formation. However, the above
faunal assemblage indicates that both limestones are undoubtedly of the Nabe-
yvaman and referred to the middle part of the Ibukiyama limestone, though they
have few common sgpecies. Moreover, it is rather strange that the species
described by MORIKAWA and Isomi (1961) are considerably different from those
reported by IsoMI (1956) from the same limestones.

The Matsuoyama Formation [Ht 66], being in fault contact with the Iwa-
kurayama limestone, is developed in the Sekigahara area (southeast of Ibuki-
vama). This formation consists of massive sandstone and slate with a few inter-
calations of chert. Except Pseudofusulina cfr. japonica reported by TAKIMOTO
(1936), no other fossils have been found in this formation. Isomi (1956) and
FusimoTo et al. (1962) dated this formation as the Middle Permian.

Other Nabeyaman rocks in this area are included in the Onogi Formation
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[Ht 98] which consist mainly of clayslate with intercalations of limestone and,
like the contemporaneous Ibukiyama limestone, thrusts upon the Samegai Forma-
tion of the Sakamotozawan age. In the limestone of the Onogi Formation a
prolific fusulinacean fauna has been described by MoRIKAWA and IsomI (1961) :

Yangchienia sp.
Pseudofusulina aff. valida (LEE)

Psf. aff. subtilis (SCHELLWIEN)
Psf. okafujii TORIYAMA

Psf. bacca MoORIOKA and IsoM1
Psf. vulgaris (SCHELLWIEN)
Psf. cushmani CHEN

Psf. fusiformis (SCHELLWIEN)
Psf. kraffti (SCHELLWIEN)

Psf. norikurensis 1o

Misellina ibukiensis KOBAYASHI
Neoschwagerina rotunda (DEPRAT)

The faunal assemblage indicates that the Onogi Formation is certainly
Nabeyaman though the joint authors regarded it as ranging from their Pseudo-
schwagering zone to the Parafusulina—Neoschwagerina zone.

Among the rocks which constitute the basement of Ibukiyama district, the
Takayama Formation [Ht 927, the lower division of the Kusanogawa Group, is
also referable to the Nabeyaman. This formation is distributed in several blocks
and yields species of Nagatoelle and Parafusulina cfr. pusille (SCHELLWIEN)
from the limestone 150-200 m below the top of the formation (IsoMmi, 1956). In
the limestone intercalated in the uppermost horizon of this formation are reported
the following species: Neoschwagerina simplex OZAWA, N. craticulifera (SCHWA-
GER), species of Cancellina and Misellia, and species of Pseudofusulina including
Psf. japonica (GUMBEL). The assemblage of species indicates a possibility of
referring the upper part of the Takayama Formation to the Nabeyaman also.
MorikAwA and Isom1 (1961) described several species of fusulinaceans from the
same limestones previously studied by IsomI in 1956, However, it is rather
strange that the results obtained by the joint authors are very different in specific
and even generic determinations from IsoMmI’s previous results.

2. Suzuka massif

The Suzuka massif, with a nearly N-S trend, is geologically the southward
extension of the Ibuki massif in which the Paleozoic rocks are developed widely.
The upper part of the Ryozen Formation [Ht 1017 is the representative of the
calcareous facies in this massif in which only Paraschwagerina oblonga (OZAWA)
and Mizzia velebitana (SCHUBERT) were reported by FUJIHARA (in MATSUSHITA,
1953). In the non-calcareous rocks developed in the east side of the Suzuka
massif, Pseudofusulina cfr. japonica (GUMBEL) was also reported, suggesting a
possibility of existence of the Nabeyaman in this area.

3. Fujiwaradake area
The middle and upper parts of the Fujiwaradake Formation [Ht 105] are
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referred by MURATA (1960) to the zone of Parafusulina in the Fujiwaradake
area located to the south of Ryozen area. According to him, Acervoschwagering
endoi HANZAWA and Pseudofusuline vulgaris (SCHELLWIEN) with its subspecies
globosa occur in the limestone of the middle part and Psf. japonica (GUMBEL)
along with Psf. ambigue (DEPRAT) in the upper part. The Fujiwaradake Forma-
tion is conformably overlaid by the Kurakaketoge Formation of the Akasakan.

The Ibaragawa Formation [Ht 103] (900 m) is a representative of the
non-calcareous facies in the southern part of this area, consisting of chert and
slate in the lower part and of graywack in the upper part. Pseudofusulina
vulgaris (SCHELLWIEN) has been reported by MURATA (1960) in the limestone
interbedded in the schalstein of the lowest part. The formation is extremely
complex in geologic structure, being traversed by numerous faults.

MURATA differs from KOBAYASHI (1941, 1951) in geotectonic interpretation
of the Permian in this area; namely, he stated that the Fujiwaradake Formation
of calcareous facies is not exotic mass, but is synchronous with the Ibaragawa
[Ht 1031 and the Tokiyama Formation [Ht 697 of the non-calcareous facies in this
area. Having studied the eastern part of Ibukiyama, MIZUTANI (1965) pointed
out that the calcareous and the non-calcareous facies of Ibuki-Suzuka massif
are deposits formed in remarkably different environments which were separated
far from each other.

4, Wakasa area

The Wakasa area, located in the northern marginal part of the Tamba zone,
is structurally divided into the northern and southern areas (HIROKAWA, ISoMI
and KURoODA, 1957 and IsoMI and KURODA, 1958). IsoMI and KURODA’s Formation
IIT* of the southern area congists of clayslate and chert with a prominent
schalstein bed (maximum thickness 1000 m) and yields Pseudofusulina japonica
(GUMBEL), Verbeekina sp., Misellina sp., Cancellina sp., and Neoschwagering
simplex OZAWA. On the other hand, the Miyakawa Formation [Ht 87] of the
northern area is composed mostly of a fine alternation of clayslate and chert with
lenses of schalsteins and limestones. Three faunules of fusulinaceans have
been distinguished in this formation, one of which comprises Parafusulina
kaerimizensis (OZAWA), Misellina sp., Cancellina sp., and Neoschwagerina simplex
OzAawA. Hence the Formation ITI of the south and at least a part of the Miyakawa
Formation of the north are referable to the Nabeyaman with a possibility of
having a lower part of the Akasakan. No species of these faunas have been
described at present.

5. Nishiyama area (Western hill of Kyoto)

Parafusulina cfr. edoensis (OZAWA) was reported from MATSUSHITA’s (1951)
d Formation in the Nishiyama area [Ht 112], suggesting the existence of the
Nabeyaman. According to a recent study by SAKAGUCHI (1962), the Tano For-
mation [Ht 116] (2300 m) of the Nishiyama area consists mainly of black shale
* The formation division by HirRokKAwA, IsoM1 and KURODA and that by IsoMIi and
KURODA are reverse in order. See also footnote of p. 97.
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and yields species of Schwagerina, Pseudofusulina, Parafusulina, Pseudodoliolina,
Neoschwagerina, and Waagenophyllum—including two new schwagerinid species—
in the limestone lens 500 m above the lower fossil horizon dated as the lower
Sakamotozawan. As SAKAGUCHI referred the upper part of the Tano Formation
to the Neoschwagerina craticulifera subzone, the Nabeyaman may exist in an
unfossiliferous part in the middle of the formation. The relationship between the
Tano Formation and MATSUSHITA’S d Formation is not clearly understood.

6. Nosé and Sasayama area

The Meigetsutoge Formation [Ht 114] of the Nosé area and a part of the Ma-
najo Formation [Ht 1237 of Sasayama basin may be referable to the Nabeyaman.
Although they are barren of fossils, they are underlaid by the Sakamotozawan.

7. Sonobe area

The Tamba Group developed in the Sonobe area forms a synclinorium. The
Shinmito [Ht 111] and the Sonobe [Ht 110] Formation on both limbs of the
synclinorium are referred by SAKAGUCHI (1962) to the Lower and Middle
Permian. However, the Shinmito Formation is barren of fossils, whereas the
Sonobe Formation yields a Triticites fauna of the Lower Permian aspect in the
basal part. Moreover, Fusulinella itoi OzAWA and F. matsushitai SAKAGUCHI
with Dibunophyllum omorii SAKAGUCHI and YAMAGIWA occur in the Sonobe
Formation. It is therefore possible that the Sonobe Formation ranges down
even to the Carboniferous. Restudying the stratigraphical relationship between
the Sonobe Formation and the unfossiliferous Shinmito Formation seems
necessary.

8. Kitayama area (Northern hill of Kyoto)

The Kurama Formation (3200 m) [Ht 106], consisting mostly of schalstein
with shale intercalation, is the only formation in the Tamba district which is
proved to be Nabeyaman by concrete paleontological evidence. SAKAGUCHI (1962)
set up the two fusulinacean subzones in this formation, the lower Misellina sp.
and the upper Parafusuline kuramensis subzone. The former comprises only
Misellina sp. and Ozawainella waageni (SCHWAGER), while the latter contains
abundant specimens of Parafusulina kuramensis SAKAGUCHI with P. nakemigaowai
MorIKAWA and HORIGUCHI, P. hayashit 1Go and Schwagerina sp. According to
SAKAGUCHI (1962), P. kuramensis is a synonym of “P kaerimizensis” from
Tomuro, Tochigi Prefecture.

V. Chugoku massif

1. Boundary area between Hyogo and Okayama Prefectures

In the eastern part of the Chugoku zone, the San’yo branch of the Sangun
metamorphic zone runs nearly parallel to the Maizuru zone. The weakly meta-
morphosed or non-metamorphic Paleozoic formations are found in several places
associated with the Sangun metamorphic rocks.

The Hijima Formation [Swi 23] develops in the boundary area between
Hyogo and Okayama Prefectures and consists mainly of black clayslate with sandy
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clayslate, sandstone conglomerate, chert, limestone, schalstein, and diabase.
KAMBE and HIROKAWA (1963) found indeterminable species of Schwagerina,
Pseudofusulina and Parafusuling in the limestone, and referred this formation
to the lower Middle Permian. The Hijima Formation is presumed to be in fault
contact with the Sangun metamorphic rocks.

The Paleozoic rocks developed in the western part of Okayama Prefecture
and the eastern part of Hiroshima Prefecture contain a relatively rich amount of
calcareous rocks (the para-Akiyoshi facies of KOBAYASHI). The representatives
are the Toyonaga Formation [Swi 39] of Atetsu plateau, the Nakamura limestone
[Swi45] of the northern part of the Oga plateau, and the Koyama limestone
[Swi 49] of the southern part of the Oga plateau. The Nabeyaman is found in
these formation and limestones.

2. Atetsu plateau

MocHIZUKI (1938) set up the Pseudofusulina cfr. vulgaris zone between
the Neoschwagerina craticulifera and the Pseudoschwagerina zone in the Toyo-
naga Formation [Swi89]. IMAMURA, SADA and OKIMURA (in IMAMURA, 1959)
restudied the Atetsu area, and set up the Pseudofusulina zone in the Shoyama
Formation (940-110m) [Swi40] of the Sabushi Group. This formation is
composed of milky white to greyish-white massive limestone and, since Pseudo-
fusulina kraffti (SCHELLWIEN) and P. ambigue (DERAT) are the leading
species, the Pseudofusulina zone of this formation is referable to the upper
Sakamotozawan.

As stated in the foregoing chapter, NoGaAMI (1961) also restudied the same
plateau independently from IMAMURA et al. His third zone is divided into two
subzones, the lower Pseudofusuling kraffti magna (uPs-») and the upper Parafusu-
lina kaerimizensis subzone (yPs3-g). The lower subzone is correlative with the
Pseudofusulina ambigua zone of the Akiyoshi limestone Group and the upper
subzone with the Parafusulinag kaerimizensis zone of the Akiyoshi and other
areas. Thus, only the upper subzone of NoGgaMI is referred to the Nabeyaman.
SADA (1965) followed NoGAMI in the zonation of the Shoyama Formation, though
they differ considerably in the interpretation of geologic structure of the plateau.

3. Oga plateau

The Nakamura limestone [Swi45] in the northern part of the Oga plateau
comprises the zone of Parafusuling in the middle part, the main constituents of
which are P. kaerimizensis (QzZAWA), Pseudofusulina cfr. japonica (GUMBEL)
and Pseudodoliolina ozawai YABE and HANZAWA (KOBAYASHI, 1950). Having
studied the Nakamura limestone at length, YOSHIMURA (1961) set up the
Parafusulina kaerimizensis — Afghanella spp. — Neoschwagerina simplex — N. cfr.
craticulifera zone in the upper part of the limestone. Although none of the
fusulinacean fauna have been described, the zone species suggests that it is refer-
able to the upper Nabeyaman and/or the lower Akasakan.
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4, Taishaku plateau

Because of its abundance of fossils, the Taishaku limestone [Swi59] was
studied biostratigraphically by many previous workers, but no species of fusuli-
nacean have been described from this area except for Pseudoschwagerina
miharanoensis AKAGI.

FuJjiMoro’s Pseudodoliolina zone and a part of HANZAWA’s Schwagerina zone
are probably referable to the Nabeyaman. YOKOYAMA (1959) also set up Para-
fusulina zone in the Permian Higashi-uyama Group of this area, but he has given
no mention to the faunal content of the zone of Parafusulina. The zone of
Parafusulina, so far as his stratigraphical description is concerned, is seemingly
hard to be defined in the Taishaku limestone Group. Because of its complex
geological structure, it seems rather difficult to clarify the detailed stratigraphical
sequence of the Permian rocks of this area.

5. Jinseki-Yuki area

A probable southward extension of the Taishaku limestone appears in the
Jinseki-Yuki area. According to recent study by HASE (1965) a part of the
limestone mass [Swi 67A’] composed of white massive calcirudite yields Neo-
schwagering simplex O0zZAWA, Cancellina sp., Afghanella sp., Pseudodolioling
pseudolepida (DEPRAT), P. ozawai YABE and HANZAWA, Parafusulina spp.,
Pseudofusulina spp., Codonofusiella sp., and Nankinella sp. together with frag-
ments of crinoid, algae, and bryozoan. HASE referred this part of limestone to
the zone of Parafusulina or the Uyamano Formation of AKAGI (1958) in the
Taishaku area.

6. Akiyoshi area

The zone of Parafusuling in the Akiyoshi limestone [Swi100] was divided
by ToriyAMA (1954, 1957, 1958) into the lower Pseudofusulina ambigue and
the upper Parafusuling kaerimizensis subzones. Since the faunas of these sub-
zones were described in detail, no further discussion is added here.

The non-calcareous representatives of the Nabeyaman in this area are a
part of the Futagami Formation [Swi 102] of Oda Group, the Maki Formation
[Swi 92] of Ofuku Group, and the upper part of the Katada Formation [Swi 86]
and the lower part of the Ryugenji Formation [Swi89] of Beppu Group. As
for the stratigraphic position of these units, there has been no remarkable
divergent views among workers, although opinions differ considerably as to their
geologic structure and stratigraphic relation to the Akiyoshi limestone.

In the northern part of Yamaguchi Prefecture, the Permian rocks of both
calcareous and non-calcareous facies are developed. According to KAWANO (1953,
1961) the Nabeyaman is seen in the Handa limestone [Swi 79] which is charac-
terized by the Parafusulina kaerimizensis zonule, comprising the P. kaerimizensis
(0zAwWA), Pseudodoliolina cfr. pseudolepida (DEPRAT) and Afghanelle ozawasi
HAaNzAWA, and is correlated with the P. kaerimizensis subzone of the Akiyoshi
limestone Group. The stratigraphical relationship between the P. kaerimizensis
zonule and the overlying Neoschwagerina cfr. craticulifera and the underlying
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Pseudofusulina vulgaris zonule is unconformable.
In the Zomeki limestone [Swi 77] situated about 5 km east of the Handa
limestone, the Nabeyama has not clearly been defined, being characterized by

only the occurrence of an indeterminable species of Parafusulina or Pseudo-
fusulina.

7. Abugawa area

The Ikadaba Formation [Swi 80] (about 500-650 m) of the non-calcareous
facies is developed along the lower valley of Abugawa and is composed mainly of
sandstone, shale and limestone. It contains the Nabeyaman in its lower part;
namely, Pseudofusulina tschernyschewi (SCHELLWIEN), Parafusulina kaerimi-
zensis (0zAwA) and P. edoensis (OZAWA) along with minute fusulinaceans
reported in the limestone lens.

8. Mino-Kanoashi massif

In the Mino-Kanoashi massif, the boundary area between Yamaguchi and
Shimane Prefectures, the Upper Paleozoic rocks called the Kanoashi Group
(KAWANO et al.,, 1956) are widely distributed. As stated in the preceding
chapter, the Kane Formation [Swi 76], the lower division of the Kanoashi Group,
comprises Pseudofusulina vulgaris zonule in the lower part and Neoschwagerina
margaritae zonule in the middle part; it is therefore probable that the Nabeyaman
is included in a part between the two zonules.

9. Yamaguchi area

To the northeast of Yamaguchi city the Upper Paleozoic rocks are developed
widely and were first named by KAWANO et al. (1954) as the Miyano Formation
[Swi84] and later divided by KAwWANO (1961) into the lower Suzumiyama
(1250 m) and the upper Aratani (650 m) Formation. In the limestone lenses,
which are intercalated into the lower sandstone member of the Suzumiyama
Formation [Swi 83], Leonardphyllum sp.* is known to occur, and in the uppermost
part indeterminable species of Neoschwagerina, Pseudodoliolina?, Pseudofusulina,
and Schwagerina were reported along with Fistulipora kotot and Waagenophyllum
sp. Because Neoschwagerina sp. bears a primitive aspect for this genus the
Suzumiyama Formation is mostly referable to the Nabeyaman, although the
upper part of it may range up to the Akasakan as KAWANO (1961) considered.

VI. Outer zone of Southwest Japan

The Permian rocks of the Outer zone of Southwest Japan display the charac-
teristic zonal arrangement and are exposed in several tectonic belts. Their
complex geologic structure often make it difficult to summarize the complete
sequence of a group or a formation and to demonstrate a clear mutual relationship
between fossil zones.

* Leonardphyllum sp. was regarded by HAYASAKA and MINATO (1954) as a component
species of the zone of Parafusulina, but later MINATO (1955) revised its stratigraphical
position as the zone of Neoschwagerina or Yabeina with uncertainty. The specimens
from the Suzumiyama Formation [Swi 83] is very incomplete and its generic identifi-
cation is not certain. Therefore its stratigraphical age is not exactly known.
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A. Kii peninsula
1. Eastern part of Kii peninsula

The non-metamorphic Paleozoic rocks of the southern part of Kii peninsula
are developed in several parallel tectonic belts of NEE-SWW trend. Since Ogawa
(1904) first studied the eastern part of Shima peninsula, many stratigraphers
have made efforts to clarify the geology of the region.

Recent study by YAMAGIWA (1957) has added some contributions to the
geology although there are still many problems remaining unsolved. According
to him, the Kochi Group [Swo 6’], which exposes to the northern side of the
Arashima-Gokasho tectonic line, consists of sandstone, shale, and their alternation,
and chert, with intercalation of limestone and schalstein. In the Imestone exposed
at Osakatoge, YAMAGIWA reported the occurrence of Pseudofusulina wvulgaris
(SCHELLWIEN), Schwagerina krotowi (SCHELLWIEN) and Waagenophyllum sp.
This limestone is apparently higher in position than another limestone which
is exposed at Shiraki-machi and yields Neoschwagerina sp., but YAMAGIWA deemed
that the apparent inversion of the strata is due to the fault between them. At
any rate it is presumed that some part of the Kochi Group is referable to the
Nabeyaman.

2. Central part of Kii peninsula

The Kotako Formation [Swo21] (2300 m), the middle division of the
Kawakami Group, consists of schalstein, chert and greyish-white massive lime-
stone. The lower part of the formation is referred by SHIIDA (1962) to the
zone of Schwagerina, though no fusulinacean fossils have been found in the
limestone.

The Nishiyoshino Group [Swo 24], developed in the western part of the main
zone of Chichibu terrain in the central Kii massif, is assumed to be correlative
with the Kotako Formation of the eastern part from the standpoints of facies
resemblance and geotectonics (SHIIDA, op. cit.). According to SHIIDA there is
little hope of finding fossils in these stratigraphical units.

3. Yuasa area

In the vicinity of Yuasa, the western extremity of the Chichibu terrain of
Kii massif, the Nabeyaman has been known for long time. Pseudofusuling
japonica (GUMBEL) was reported by INOUE (1933) from the Itogawa Formation
[Swo 29] in which Fusulina cylindrica FISCHER de WALDHEIM was also once
reported by NEGA (1896) although it has never been described. More detailed
study is necessary to clarify the stratigraphy of this area.

B. Shikoku

As mentioned in the preceding chapter, SUYARI (1961) set up five fusuli-
nacean zones for the Permian of Shikoku; the Pseudoschwagering, Schwagerina,
Misellina, Neoschwagerina-Yabeina, and Lepidolina zones in ascending order.
SUYARI correlated his second, Schwagerina zone, with the lower part of the
Leonardian of North America and the third, Misellina zone, with the upper part.
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However, if his specific identification is correct, the faunal contents as seen below
give rise to a paleogeographical problem during the Leonardian time because
most species of Triticites found in his Schwagerina zone bear Asiatic aspect
whereas those of Schwagerina are of the mixture of Asiatic and North American
elements. Moreover, there is no definite basis in his correlation of the Misellina
zone with the upper part of the Leonardian, because the former comprises only
Misellina and Pseudodoliolina of typical Japanese element and no species of
Parafusulina, except for a doubtful one. In this paper SUYARI'S Misellina zone and
the lower part of Neoschwagerina zone are referred to the Nabeyaman.

1. Eastern part of Shikoku
a. Kusune area

The Kusune Formation [Swo 39] of the Hisone Group has the Nabeyaman
in its upper half (SUYARI, 1954, 1961). Small muddy limestone lenses inter-
calated in the tuffaceous shale yield the following species:

Triticites rossicus (SCHELLWIEN)

T. campus THOMPSON

Schwagerina gruperaensis THOMPSON and MILLER
Parafusulina fukaensis SUYARI

Eoverbeekina? sp.

Toriyamaie sp.

b. Kenzan area

The Kenzan Formation [Swo 56] named by HIRAYAMA et al. (1956) is widely
developed in the central part of Tokushima Prefecture, occupying the northern
half of the northern zone of the Chichibu terrain. It consists mainly of sandstone
and mudstone with a large amount of chert. Although the fossil occurrence is
very rare in this formation, Pseudofusulina has been reported by HIRAYAMA et al.
from the grey limestone exposed to the south of Kenzan. The joint authors
referred this formation to the middle part of the Lower—Middle Permian.

c. Miyahama area

The Miyahama Formation [Swo 51] was the name given also by HIRAYAMA
et al. (1956) to the lower Middle Permian rocks developed in the southern zone
of the Chichibu terrain in the central part of Tokushima Prefecture. Although
mudstones are the main constituent, chert and limestone predominate in some
parts. Since Pseudofusulina cfr. japonica (GUMBEL) has been abundantly
obtained with Neoschwagerina sp. in the limestone, HIRAYAMA et al. correlated
the Miyahama Formation with the Parafusulina kaerimizensis subzone of the
Akiyoshi limestone Group.

d. Sakashu area

The name of Ottate Formation [Swo 551 was given by SUYARI (1961) to
the Permian rocks developed in Sakashu, Sakashu-mura, Naka-gun, Tokushima
Prefecture. The occurrences of Nagatoella kobayashii THOMPSON (ICHIKAWA
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et al., 1953) and Pseudofusulina fusiformis (SCHELLWIEN) (SUYARI, 1961) are
the only available paleontological information on this formation.

2. Central part of Shikoku
a. Kameiwa area

The Kameiwa Formation [Swo 66], the lower division of the Shirakidani
Group, is referred to the Nabeyaman. The following species were found by
KoBAYAsHI (1945) in this formation:

Fusulinella sp.

Triticites cfr. montiparus [EHRENBERG (MOLLER)]
Schwagerina incisa (SCHELLWIEN)
Rugosofusulina prisca [EHRENBERG (MOLLER)]
Miselling sp.

Fusulinella sp. is perhaps a derived fossil. According to SUYARI (1961) the
Kameiwa Formation ranges from the zone of Pseudoschwagerina to that of
Misellina. He listed the following species in the Misellina zone:

Brevaxina sp. A
Misellina iisakai (TORIYAMA)

M. cfr. termieri (DEPRAT)
M. tosensis (TORIYAMA)
M. sp. A

Parafusulina? sp.

A discussion on the fusulinacean faunas of the Kameiwa Formation has
already been given on page 112. The specific assemblage of the faunas is worthy
of discussions concerning the paleogeographical problem in the Sakamotozawan-
Nabeyaman times.

b. Shirakidani area

IsHI1ZAKI (1960) set up many formational names for the Permian rocks
developed in the Shirakidani area without designating the type locality, and he
(1963) described the Misellina faunule from his Shingai Formation [Swo 65].
Because the faunule is comprised almost exclusively of species of Misellina without
any trace of Parafusuline, he referred this faunule to the Upper Wolfcampian
age. However, SUYARI (1961) reported the Misellina faunule with Parafusulina?
sp. from the Kameiwa Formation [Swo 66] of the Shirakidani Group. Judging
from the geological maps made by ISHIZAKI (1960) and SuUYARI (1961), the
Kameiwa Formation includes ISHIZAKI’s Shingai Formation as a part of it.
Moreover, there is no positive evidence to verify the upper Wolfcampian age of
the Misellina faunule of “the Shingai Formation”., Thus, both of the Misellina
faunule of ISHIZAKI and the Misellina zone of SUYARI are probably referable to
the Nabeyaman with a possibility of having the upper Sakamotozawan. ISHIZAKI’S
Misellina faunule comprises M. aliciae (DEPRAT), M. cylindrice ISHIZAKI, M. aff.
tbukiensis KOBAYASHI, M. subelliptica (DEPRAT), and Brevawxina hataii ISHIZAKI,
but his new species are not well preserved and not sufficient for establishing new
species. M. cylindrica is seemingly an immature form of some allied species.
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c. Tosayama area

The Tosayama Formation [Swo 68], the upper division of the Shirakidani
Group, was studied by TORIYAMA (1947) who described Parafusulina lutugini
(SCHELLWIEN) and primitive species of verbeekinids and neoschwagerinids.
Recently SuvArl (1962) described Parafusuline edoensis (OZAWA), Pseudofusiu-
line japonica (GUMBEL), Misellina tosensis (TORIYAMA), M. sp., and Neoschwa-
gerina craticulifera (SCHWAGER) in the limestone lenses interbedded in the
schalstein. SuUYARI (1961) correlated the Tosayama Formation with his Neo-
schwagerina-Yabeina zone, but it may be possible that the lower part of this
formation is referable to the Nabeyaman.

d. Sakawa area

From several localities in the Sakawa basin [Swo 82] and its environs
Pseudofusulina japonica (GUMBEL) has been reported, without any information
about the associated species.

The Yamamba limestone [Swo 81’], located 1.6 km mnorth of Sakawa, was
studied by many previous workers and the “Yamamba fauna” had long been
discussed from various sides of paleontology for its stratigraphical position.
However, through the studies of NONAKA (1946), KOBAYASHI (1951), MINATO
(1955) and SAKAGAMI (1963), the Yamamba limestone is now referred to the
zone of Parafusulina and the ‘“Yamamba fauna” bears a close similarity with
the Iwaizaki fauna of the southern Kitakami massif. SAKAGAMI (1963) reported
Chusenella cfr. conicocylindrica, CHEN which was originally described from the
Chinghsichung limestone, Hunan, China and also reported from the ¢ Member of
the Iwaizaki limestone (MORIKAWA, 1960).

3. Waestern part of Shikoku
a. Onogahara area

The Nakakubo Formation [Swo 99], named by ISHIZAKI (1962), is presumed
to be equivalent in part with the Kamiyakawa Formation [Swo 69] of ISHII et al.
It consists mainly of massive limestone and schalstein, though the facies changes
considerably at places. Although IsHIZAKI found many fusulinaceans of various
ages ranging from the Akiyoshian to the Sakamotozawan in the limestone breccia
in the middle part of the formation, he has been unsuccessful in finding any fossil
in the massive limestone. KasHIMA (1960) also reported many species of fusuli-
naceans from the limestone in the Onogahara area [Swo 100], but it is not known
whether the limestone is brecciated or not. Judging from the faunal assemblage
he listed, some of the limestones are at least limestone conglomerate or breccia.
IsH1ZAKI is of an opinion that the Nakakubo Formation is of the Artinskian or
of a slightly younger age since the limestone breccia is common in the zone of
Neoschwagerina in Shikoku.

b. Nomura area

The Nomura Group, developed in Nomura [Swo 108] and its environs in
Ehime Prefecture, yields species of fusulinaceans which are probably referable
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to the Nabeyaman. Schwagerina cfr. ominesis (0zZAWA), Pseudofusulina cfr.
ambigua (DEPRAT), and Psf. granum-avenae (ROEMER) were found in Nizashi
[Swo 109] and Neoschwagerina simplex OZAWA in Shirodani [Swo 110] (IKEBE,
1936).

C. Kyushu

1. Usuki area

The Nabeyaman was found by FuJii (1954) in the Tsukumi [Swo 114] and
Meiji zones [Swo 115] of the Usuki area, Oita Prefecture. In the Tsukumi zone
five fusulinacean zones were distinguished. According to FuJii, the first lime-
stone, which yields Pseudofusulina faunule of the Sakamotozawan, is overlain by
the second limestone. In the lower part of the second limestone Misellina iisakai
(ToriYAMA), Neoschwagerina kobayashii (TORIYAMA) and Cancelline meoschwa-
gerinoides (DEPRAT) are found, without any association of species of Parafusulina
of elongate form. This faunule may be regarded as the later stage of the Nabe-
yvaman. The upper part of the second limestone contains the Neoschwagerina
craticulifera faunule which is definitely of the Akasakan.

Fusir found Parafusulina sp. in Hodojima [Swo 113] which belongs to the
Meiji zone developed to the south of the Tsukumi zone. Judging from the develop-
mental stage in evolution of this species, he regarded it as an element of the
zone of Parafusulina. The upper part of the Meiji zone is referred to the zone
of Yabeina.

2. Kuraoka area

This area covers the northwestern part of the Nishiusuki-gun, Miyazaki Pre-
fecture and the southeastern part of Kamimasuki-gun, Kumamoto Prefecture
where the thick Permian rocks, called the Yurugidake Formation [Swo 124]
(SA1T0 and KAMBE, 1954; KAMBE, 1957), are developed. As mentioned in the
preceding chapter, the Yurugidake Formation is comprised of limestone beds in
various horizons, many of which are prolific in fossils. KAMBE (1957) listed
many species of schwagerinids and neoschwagerinids in sixteen localities (his
localities 1-11, 14-18). Parafusulina? sp. and Misellina cfr. claudiae (DEPRAT)
are respectively found in southwest of Kiaiya [Swo 127] and west of Yurugidake,
both in Gokase-machi, whereas Neoschwagerina simplex (0zAwA) and/or
N. craticulifera are reported in four other localities (KAMBE’s loc. 8-11) in
Gokase-machi, together with Pseudofusulina cfr. japonica (GUMBEL) or indeter-
minable species of Cancellina. The former two are referred by KAMBE to the
zone of Parafusulina or to the Shizo Formation of Kuma area, while the latter
two are referred to the zone of Neoschwagerina. However, the faunal association
in the latter localities, namely, the coexistence of Neoschwagerina simplex
(0zawa) with Cancellina sp. or Pseudofusulina japonica (GUMBEL) suggests
the later Nabeyaman for this part of the Yurugidake Formation rather than the
Akasakan.

3. Kuma massif
KANMERA’s continuous efforts have brought very much light on the strati-
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graphy and paleontology of the western part of South Kyushu which is the
western extremity of the Outer zone of Southwest Japan. Among the Permian
rocks developed in the Kuma massif, the Shizo Formation of about 300 m
thickness [Swo 146] is referable to the Nabeyaman which occurs in the southern-
most tectonic belt of this area. The Shizo Formation consists mainly of chert
with intercalations of clayslate. In the middle part of this formation a tuffaceous
bed occurs in which limestone lenses are intercalated. MATSUMOTO and KANMERA
(1964) reported the following species in the dolomitic limestone exposed at the
north of Shizo:

Parafusulina gigatojaponica KOBAYASHI*
Pseudofusulina japonica (GUMBEL)
Nagatoella cfr. kobayashii THOMPSON
Pseudodoliolina ozawai YABE and HANZAWA

Although the fauna listed above is certainly referable to the Nabeyaman,
the Shizo formation is in tectonic contact with the under- or over-lying forma-
tions. Hence the stratigraphical relationship between the zone of Parafusulina
of the Shizo Formation and the zones of Pseudoschwagering and Neoschwagerina
known in other tectonic belts is not clear.

The Kozaki Formation [Swo 142] is found in narrow belts along several
tectonic lines in the lower valley of Kumagawa. KANMERA (1961, 1963) divided
the Kozaki Formation into two subformations. The lower Subformation (180 m)
congisting mainly of thick conglomerate with intercalation of sandstone and
black mudstone; and the upper Subformation of thick conglomerate in the basal
part and predominantly mudstone with thin siltstone and chert in the main part.

KANMERA distinguished two characteristic faunules in the lower Subforma-
tion, the lower Misellina claudiae and the upper Neoschwagerina simplex faunule.
Of them the Misellina cloudiae faunule is, as already mentioned in the preceding
chapter (p.114), of the upper Sakamotozawan age, and the Neoschwagerina
simplex faunule is referable to the Nabeyaman, the diagnostic species of which
are Neoschwagerina simplex (OZAWA), Cancellina tenuitesta KANMERA, Verbeek-
ina sphaera OZAWA, V. sp., Pseudodoliolina pseudolepida pseudolepida (DEPRAT),
Yangchienia compressa (OZAWA), Parafusulina (Parafusulina) kaerimizensis
(0zAwA), and P. (Skinnerella) cfr. sapperi (STAFF).

As pointed out by KANMERA the Neoschwagerina simplex zone, as well as
the Misellina claudiae zone, is very important in that it serves as a widely
applicable index for the correlation of the lower Middle Permian not only in
Japan, but also in the Tethysian realm. KANMERA has also made a correlation of
this zone with other known fusulinacean zones in Japan. The Neoschwagerina
simplex zone is correlated with the typical Nabeyaman zone such as the Para-
fusulina kaerimizensis zone of Akiyoshi, Atetsu, etc. Since all the species have
been described by KANMERA (1963) in detail and an implicative account on the
biostratigraphic significance of the fauna has been given by him, further discus-
sion is not necessary here.

* The joint authors listed this species as P. kaerimizensis (OZAWA) in their first report
(1952).
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Recently MivAcH1 (1966) studied the granite fragments in the Xozaki
Formation and came to a conclusion that the granite fragments were derived in
very short distance from Yatsushiro granite or its equivalents, and that a part
of the secondary metamorphism in the source granite bodies was caused prior
to the sedimentation of the Kozaki Formation.

Chapter IX. The Zone of Neoschwagerina

I. Kitakami and Abukuma massifs
A. Southern part of Kitakami massif
1. Hikoroichi-Setamai area

The typical Neoschwagerina fauna has not been found in the standard area
of the Kitakami massif (Hikoroichi-Setamai area [Ka 23-27]) where the Saka-
motozawan is overlaid by the thick coarse grained sandstone formation of about
500 m thickness* with a conglomerate bed of about 10 m thickness at the base.
This is the Katchizawa member of the Kanokura Formation or the XI Group of
MINATO et al. (1954), or the Katchizawa sandstone Member of the Kanokura
Formation of ONUKI (1956).

Fossils characterizing the Katchizawa Member are brachiopods species of
Camarophoria humbletoensis HOWSE, Lyttonia (Leptodus) richthofeni (KAYSER)
HAYASAKA and others reported by the joint authors. As for the fusulinaceans
Monodiexodina matsubaishi (FUJIMOTO)** occurs throughout the Katchizawa
Member, although it begins to appear from much lower horizon in the IX Group
of MINATO et al.

According to ONUKI (1956) species of Parafusulina, Verbeekina and Neo-
schwagerina are found in the formation developed in the Kamiyase-Kesennuma
area [Ka 39’] which is presently regarded as being equivalent to the Katchizawa
Member of the standard area from the lithological similarity. Thus ONUKI
believes that the Katchizawa Member belongs to the zone of Neoschwagerina.
However, it is not known whether the Katchizawa Member is equivalent to the
whole or a part of the Akasakan.

2. Maiya area

The Tenjinnoki Formation [Ka 46] (ONUKI, 1956) is a representative of
the Akasakan in the Maiya area, but, likewise in the standard area mentioned
above, the brachiopod and pelecypod fauna is dominant in this formation and
no fusulinacean faunas are known except Monodiexodina matsubaishi (FUJIMOTO)
which occurs abundantly in thin limestone interbedded in several horizons. The
Tenjinnoki Formation consists of alternation of sandstone and slate, attaining
a thickness of about 280-330 m (ONUKI et al., 1960). It is conformable in
stratigraphical relation with the underlying Rodai and the overlying Yamazaki
conglomerate Formation.

* According to ONUKI (1956) it is measures 180-200 m.
** This species has long been known as Parafusulina wanneri (SCHUBERT) (see also
footnote of p. 88).
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3. Iwaizaki area

The Iwaizaki peninsula [Ka 42], which occupies the southernmost part of
the Kitakami massif, is composed mostly of the thick Permian rocks. The strati-
graphy of this area has been studied by many workers such as MABUCHI (1935),
INAI (1939), HANZAWA (1954), ONUKI (1956) and MORIKAWA ef al. (1958).
Although there is some discrepancies between the results of these workers,
MABUCHI’s and HANZAWA’S zonation is cited here in descending order:

Zonation of HANZAWA Zonation by MABUCHI
(1) black clayslate: Richthofenia zone V. Richthofenia japonica zone
(2) dark grey limestone: Yabeina zone IV. Yabeina hayasakai zone

(8) grey massive limestone:
a. Neoschwagerina-Verbeekina zone 11I. Verbeekina verbeeki zone
b. Waagenophyllum zone II. Waagenophyllum indicum zone

c. Parafusulina zone I. Monodiexodina matsubaishi zone
(4) Sandstone and conglomerate

The constituent fusulinacean species of the above are as follows:

From (2) Yabeina sp., Verbeekina sphaera OZAWA, Parafusulina sp.
(3) a, b Neoschwagarina sp., Verbeekina verbeeki (GEINITZ), Parafusulina
sp.
c Parafusulina sp.
[no fusulinaceans in (1)]

The results of recent study by MORIKAWA et al. (1958) are considerably
different from those of the previous workers. They divided the Iwaizaki limestone
into three zonules in descending order:

Yabeina shiraiwensis zonule
Pseudofusulina paramotohashii zonule
Monodiexodiua matsubaishi zonule

MORIKAWA (1960) described all the species contained in the above mentioned
three zonules, although his species have little in common with those identified by
HANZAWA or with those known from the Middle Permian of other parts of Japan.

B. Northern part of Kitakami massif

Enough information for a complete detailed summary of a stratigraphical
and paleontological nature in this wide Paleozoic area is not available, but the
following formations have been referred to the Akasakan by fossil evidences.*

1. Kamiarisu-Ohashi area

The upper part of the Kasshi Formation [Ka 15] consists mainly of black
slate with thin intercalations of calcareous slate, lenticular limestone and lime-
stone breccia and yields Neoschwagerina (ONUKI, 1956). The overlying Daido
Formation [Ka 17] (Morial, 1955), which consists of black slate, argillaceous
slate, sandstone, and conglomerate, also yields Yabeina sp., Parafusulina wanneri
(SCHUBERT) ** and P. sp. It is therefore presumed that the upper part of the

* As for the lithological division of the northern part of Kitakami massif see p. 88.
** See footnote of p. 88.
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Kasshi Formation and a part of the Daido Formation are referable to the Aka-
sakan. According to ONUKI both formations are somewhat contemporaneous
and transitional with each other.

2. Toyomane-Hanawa area

As already mentioned in the preceding chapter (p.118), Neoschwagerina
has been abundantly found in the Hanawa Formation [Ka 4] which consists of
alternation of sandstone, slate and chert along with lenticular limestone and
conglomerate of the Usuginu type (ONUKI, 1956). However, no further paleonto-
logical information is presently available.

C. Abukuma massif

The Soma area, northeastern part of the Abukuma massif, is well known to
have the Upper Paleozoic though they are partly metamorphosed and complicated
in structure. The Oashi Formation [Ka 54] is the representative of the Akasakan
in this area and conformably overlies the Uwano Formation of the Sakamotozawan
age. In the upper part of the formation are found species of Neoschwagerina
and Pseudodoliolina in the limestone and species of Yabeinag and Parafusulina
and Waagenophyllum indicum (WAAGEN and WENTZEL) along with other corals
in the pebbles of the conglomerate.

Although the Oashi Formation was correlated by MINATO (1955) with the
Kanokura Formation of the southern part of the Kitakami massif, and by HAN-
ZAWA (1954) with what ranging from Artinskian to Basleoian, the paleontological
evidence is not enough to decide whether the Oashi Formation includes the
Nabeyaman in its lower part and the Kuman in its upper part.

II. Inner zone of Northeast Japan

The Upper Paleozoic basement complex crops out in several limited areas of
the Inner zone of Northeast Japan. Although little is known of the stratigraphy
and paleontology of these Paleozoic rocks, recent studies by FuJIM0TO and
KoBAYASHI (1961) have made some contributions to the stratigraphy of these
rocks. According to them the Upper Paleozoic rocks of the Inner zone of North-
east Japan are found in ten areas although half of which are not dated because
they are barren of fossils. The other areas, so far as they have been determined
by the paleontological evidence, are mostly of the Akasakan.

1. Yatsumori area

This area covers the northeastern corner of Akita Prefecture and the north-
western corner of Iwate Prefecture. Main distribution is seen around Yatsu-
moriyama [Neil] and at the Ohirayama mine [Nei 2] and its environs, with a
general trend of E-W and N-S respectively. The Permian of this area consists
mainly of clayslate, quartzite and schalstein. The limestone lens found in the
gallery of the Ohirayama mine yields Neoschwagerina craticulifera (SCHWAGER)
and Verbeekina verbeeki (GEINITZ). FuJIMOTO and KOBAYASHI referred these
rocks to the Middle Permian.
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2. Shin-yu area

Shin-yu area [Nei 37, located west of Ichinoseki city, Iwate Prefecture, was
surveyed by KITAMURA and TANI (1953) who found Waagenophyllum cfr. indicum
in the limestone intercalated in the Paleozoic formation consisting of clayslate,
schalstein and mica-schist. This formation was dated by them only as Permian.

3. Awagatake area

Little is known of the Paleozoic rocks of the Awagatake area [Nei5] in
Niigata Prefecture, but according to personal communications of Dr. CHIHARA
to Dr. FusiMoTo (in FuJiMoro and KOBAYASHI, 1961) Neoschwagering sp. and
corals were found in the limestone.

4. Taishaku mountain range

The Taishaku mountain range [Nei 11], occupying the boundary area be-
tween Fukushima and Tochigi Prefectures, consists mainly of Chichibu Paleozoic
rocks with granite intruded by granite-porphyry. According to Fusimoro (1953)
indeterminable species of Neoschwagerina, Yabeina, Verbeekina, and Schwagerina
occur in the limestone exposed at Hanawa [Kw 10], Kuriyama-mura, Tochigi
Prefecture. Although the detailed stratigraphy has not been clarified due to the
inadequate state of preservation of these fossils it is almost certain that the
Akasakan is present in this mountain range.

5. Komagatake area

This is the boundary area between Niigata, Gumma, and Fukushima Prefec-
tures where two main distributions of Upper Paleozoic rocks are seen, one in
Keizuruyama [Nei 8] and its environs and the other in Inami mine [Nei 6] area.

In the former a Lepidolina fauna is known whereas in the latter Neoschwa-
gerina cfr. eraticulifera (SCHWAGER) has been obtained from a boulder which was
probably derived from the limestone lens exposed near the Inami mine. Further
information is presently not available.

III. Kwanto massif
1. Nabeyama area

The Aso Group was proposed by FusiMoTo (1961) for the Permian developed
mainly in Kuzu-machi and Tanuma-machi. The Nabeyama Formation [Kw 4],
the second lowest of the Aso Group, is further divided into three members,
Yamasuge limestone, Hanetsuru dolomite and Karasawa limestone. As already
mentioned in the Chapter VIII (p.120), the Yamasuge limestone Member is a
typical representative of the Nabeyaman. The middle Hanefsuru dolomite
(130-180 m) is almost barren of any fossils except in the lower part where
fusulinaceans are abundantly found. However, according to FUJIMOTO their
internal characteristics are not known because of the secondary dolomitization.

The upper Karasawa limestone Member, consisting of massive light grey or
grey limestone, contains a rich fauna of fusulinaceans, and the following species
are identified by FUJIMOTO:
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Rauserella elatica DUNBAR

Schubertella simplex LANGE

Yangchienia sp.

Codonofusiella paradoxica DUNBAR and SKINNER
*Schwagerina krotowi (SCHELLWIEN)

S. ominensis (OZAWA)

*S, gnembeli DUNBAR and SKINNER

S. gnembeli pseudoregularis DUNBAR and SKINNER
S. margheritii DEPRAT

Rugosofusuliva prisca [EHRENBERG (MOLLER)]
Pseudofusulina vulgaris (SCHELLWIEN)

Ps. vulgaris watanabei LEE

*Ps. granum-avenae (ROEMER)
*Ps. ambigua (DEPRAT)

Ps. cfr. tenuissima (SCHELLWIEN)
Ps. japonica (GUMBEL)
*Parafusulina yabei HANZAWA

*P, kattaensis (SCHWAGER)

*P, kaerimizensis (OZAWA)

*Pgeudodoliolina ozawai YABE and HANZAWA
Neoschwagering colaniae OZAWA
N. margaritae DEPRAT
Yabeina columbiana (DAWSON)
(Species with asterisks are also found in the lower Yamasuge Member)

Since none of these species has been described nor a detailed stratigraphical
relationship has been found between fossil localities throughout the member,
critical biostratigraphical discussion cannot be given here even though FUJIMOTO
inferred that the Karasawa limestone Member ranges from the Parafusulina zone
up to the Neoschwagerina zone and even partly up to the Yabeina zone.

The upper three formations of the Aso Group, viz. the Adoyama, Maki and
Mikagura Formations are still ambiguous in stratigraphical position, because of
being almost barren of fossils except for the occurrence of Parafusulina nakami-
gawai MORIKAWA and HoRIGUCHI in the Adoyama Formation [Kw 6] and the radio-
larian remains in the Mikagura Formation. YosHipA (1956, 1957) also reported
Pseudodoliolina ozawai YABE and HANZAWA, Parafusulina sp. and Schwagerina sp.
in the Maki Formation [Kw 8]*. He inferred that the Adoyama and the Maki
Formations are contemporaneous in age with the upper part of the Nabeyama
Formation. However, FusimoTo (1961) regards the Nabeyama, Adoyama, Maki,
and Mikagura Formations as being supperposed in order, though there are no
remarkable difference in geological age between them.

2. Mamba and other areas

In FuJimoro’s division (1936) the upper part of the III zone of Neoschwa-
gerina croticulifera or Pseudofusulina ambigua and the IV zone of Neoschwa-
gerina margaritae, which are developed in his Mamba [Kw 12] and Shomarutoge
[Kw 31] Groups and Raidenyama [Kw 39] and Katsuboyama [Kw 43] zones, are
probably referable to the lower and upper part of the Akasakan, respectively.

#* According to FuJimoro (1961) the Maki Formation yields no fossils.
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TAKAOKA (1966) described N. margaritae DEPRAT from Kanosan [Kw 13], to-
gether with Misellina claudiae (DEPRAT) from Futagoyama [Kw 21], but his
illustrated specimens are too insufficient to make a critical discussion of zonation
and detailed paleontological comparison. In MORIKAWA’s study (1955) on the
Permian of Shomarutcge [Kw 817, the eastern part of the massif, the zone of
Neoschwagerina is callea the Asakaido Stage, the constituent species of which
are N. margaritae DEPRAT. N. minoensis OZAWA, N. craticulifera (SCHWAGER),
Misellina claudiae (DEPRAT), Pseudofusulina vulgaris (SCHELLWIEN), P. tenuis
CHEN, and P. modica (THOMPSON and HAZZARD).

Although MoRIKAWA followed OzZAwWA in his division of zone of Neoschwa-
gerina, there is still a doubt about the fossil contents of each locality. For
example, the limestone of MORIKAWA’s locality 25 and 28 were both correlated
with the Nm zone but yields only Pseudofusulina sp. and P. joponica (GUMBEL),
respectively. Moreover, as already pointed out by KANMERA (1957), the fusulina-
ceans found at MORIKAWA’s locality 81 (Asakaido) are clearly found in the
pebbles of the limestone conglomerate, and it is not known whether they are
referable to the zone of Neoschwagerina. Such being the case, more exact and
detailed study is needed for the zone of Neoschwagerina of the Kwanto massif.

IV. Hida massif and Tamba zone

A. Hida massif

1. Omi limestone

The uppermost P2 Formation of about 100 m thickness is referred by
KAwADA (1954) to the zone of Neoschwagerina. However, as he mentioned, the
lower half of the P2 is of the zone of Parafusulina s. str. and the upper half is of
the zone of Neoschwagerina. FuJiTA (1958) followed KAWADA in his biostrati-
graphic zonation, though the fossil contents in his P2 zone are little different from

those listed by KAWADA. The constituent species of KAWADA’s zone of Neoschwa-
gerina are as follows:

Pseudodolioline ozawai YABE and HANZAWA
Cancellina sp.
Neoschwagerina craticulifera (SCHWAGER)

N. douvillei OZAWA
N. margaritae DEPRAT
N. minoensis OZAWA

Yabeina cfr. globosa (YABE)
Sumatrine cfr, annae VorLz

Although the exact stratigraphical range of each species is a little different
according to parts of the Omi limestone, it is noted that Cancellina sp.—if
KAwADA’s identification is correct—and Yabeina cfr. globosa occur together.
None of the species have been described yet.

2. Hirayu area

In the eastern part of the Hida massif, the Akasakan is found in the Hirayu
Group [Ht 30] and consists mainly of clayslate, sandstone, limestone, and schal-
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stein. Having found Neoschwagerinag margaritae DEPRAT and Parafusulina sp.
from the lower part of this group, KaAMEI (1952) referred it to the middle Upper
Permian. However, Ico (1956) has stated that the Sakamotozawan and the
Nabeyaman are found respectively in the lower and middle divisions of the Hirayu
Group and he (1959) also described many fusulinacean species. Thus Igo
correlated the Hirayu Group with the upper part of the Ichinotani Group [Ht 27]
and the Sorayama Group [Ht 25] in the Fukuji area, although there is a consider-
able difference in facies between the Hirayu Group and latter two groups.
According to Ico (1959) the upper division (200 m+) of the Hirayu Group
consists of clayslate and white to grey limestone and is referred to the Akasakan.
This division is very narrow in distribution and found only within a shattered
tectonic zone. It is also very poor in fossil occurrence and only Neoschwagerina
margaritae DEPRAT, N. sp. and Schwagerina sp. were reported but not described.

3. Nyukawa area

The Upper Paleozoic of Nyukawa area, east of Takayama city, was named
the Nyukawa Group by TAKANO (1952) and divided into three formations. The
upper division was named the Shioya Formation [Ht 881 and was referred to the
zone of Pseudofusulina. However, ISOMI and NozawA (1957) revised the defini-
tion of the Nyukawa Group and limited it to the Permian section only, excluding
the Nakahata Formation, the lower division of TAKANO’s Nyukawa Group. The
N, Formation of IsoMI and NozawA yields Neoschwagerina craticulifera (SCHWA-
GER), Pseudodoliolina ozawai YABE and HANZAWA and Parafusulina cfr. kaerimi-
zensts (0zAwA), and the Junigatake Formation [Ht 83] developed north of the
Nyukawa Group also has Neoschwagerina cfr. margaritae DEPRAT, Verbeekina
verbeeki (GEINITZ) and other schwagerinids. These two formations were refer-
red by them to the zone of Neoschwagerina.

The Nyukawa Group was also studied in detail by Ico (1960, 1964). The
Kono Formation [Ht 37] (400 m) in the Gombo area consists mainly of volcanic
rocks and chert with intercalations of limestone lenses. The limestones bear two
faunules of different ages; one is of the Akasakan in which Pseudodoliolina
ozawai YABE and HANZAWA, Misellina claudiae (DEPRAT), Cancellina nipponice
(0zAwa), and Parafusulina spp. are found at Nishinotani valley and Pseudo-
fusulina horadaniensis 1Go, Misellina claudiae (DEPRAT), M. sp., and Neoschwa-
gerina sp. at Horadani valley, and the other one is of possibly Kuman age,
comprising Yabeina kanmerae 160 and others. Thus, the Kono Formation is
dated to the Akasakan to the Kuman, although the stratigraphical relationship
between the fusulinacean-bearing limestones stated above is not exactly known.
Mutual relationship between the division of the Nyukawa Group of IsoMI and
Nozawa and that of I6o is not known.

4, Southern part of the Hida massif

In this part of the massif the followings are referred to the zone of Neo-
schwagerina, and their stratigraphy and paleontology have been described by
KANUMA (1958, 1960) in detail.
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(1) The Okuzumi Formation [Ht41] of Oppara and Akiyama in the
northern part; Neoschwagerina margaritae DEPRAT, N. craticulifera (SCHWAGER),
Verbeekina verbeeki (GEINITZ), and Pseudofusulina aganoensis FUJIMOTO.

(2) The Shimadani Formation [Ht 43’] and the Kayugawa Formation of
Kuchibora [Ht 44] of central part; Neoschwagerina schellwieni (DEPRAT) and
Verbeekina verbeeki (GEINITZ) from the former and N. douwvillei QzAwA from
the latter.

(3) The upper Formation of the Tominoho Group [Ht 46] of southern part:
no fossils have been found in this formation which overlies the middle Formation
of the Nabeyaman age, hence it may be referable to the Akasakan.

5. Shiojiri area, Kiso massif

To the southeast of Shiojiri, Nagano Prefecture there are thick Permian
rocks which consist of sandstone (greywacke), clayslate, chert, and their alterna-
tion. They are tectonically divisible into three, the northern, central and southern
terrains, all separated from each other by major fault zones (IsoMI and KATADA,
1959; KAMEI et al., 1962; KATADA and Isomi, 1962, 1964). KATADA and IsoMI
(1964) also distinguished nine zones* by means of the difference of lithofacies
or the combination of lithofacies, to each of which the formational names were
given. The Kurokawa, Hata, Nomata and Hario Formations in the northern
terrain (from NW to SE), the Misogawa Formation [Ht 15] in the central
terrain, and the Yabuhara [Ht 14], Narai [Ht 18] and Yokokawa [Ht 11] For-
mations in the southern terrain.

Fossils are extremely rare and complicated geologic structure make the
exact correlation between the three terrains difficult, though Helminthoidea, a
representative of the “flysch-type” of fossil trails, is abundantly found at many
places throughout the formations. The only available paleontological evidences for
these wide Permian terrains are the occurrence of Spiriferina sp. and Waageno-
phyllum indicum in the Utoyama limestone [Ht 101 of Yabuhara Formation, and
of Yabeina katot (OZAWA)** in the limestone lens (Nojiri limestone) exposed
2 km north of Nojiri-machi of Agematsu area [Ht 16] which is presumed to be
the southwestern extension of the Yabuhara Formation (MORITA, 1952).

6. Upper valley of Hinokawa (Imajo area)

Little is known of the Paleozoic occupying the vast area including the
western part of Gifu and the southeastern part of Fukui Prefecture. IsSoMI’s
report (1955) described the stratigraphy of a part of this wide area. Along the
upper reaches of Hinokawa, the Permian Takura [Ht 81] and the Carboniferous
Nanjo Group are developed. The former consists mainly of sandstone and clay-
slate with limestone lenses. As already stated in Chapter VII, Pseudofusulina
vulgaris and other schwagerinids were found in the limestone lens intercalated

* In their paper of 1959, IsoMi and KATApA discriminated five zones (Ia, 1lb, Ila,
11b, and III) without giving zone or formation names.

= This species was first reported by MoriTA (1952) as Yabeina globosa (YABE), but
changed to Y. katoi by KATADA and IsoMI who also reported the occurrence of small
forms of neoschwagerinids.
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in the lower part of the Takura Group whereas Neoschwagerina douvillei OZAWA
and Pseudofusuling cfr. japonica (GUMBEL) were found in the limestone of upper
part. Thus IsoMI referred the lower part of the Takura Group to the upper part
of the zone of Pseudoschwagerinag or to the lower part of the zone of Parafusulina
and the upper part to the Middle Permian.

7. Kuzuryu area

In the upper valley of Kuzuryu-gawa, the Akasakan is represented by the
Komukudani [Ht 73’] and the Makatoji [Ht76’] Formations, the upper two
divisions of the Nojiri Group. The former (450 m) consists mainly of clayslate
and sandstone with an intercalation of limestone which yields Lyttonia richthofeni
and other brachiopods and Parafusuling cfr. wanneri (SCHUBERT) (HAYASAKA
and OzAKI, 1955). The Makatoji Formation has not been studied well, but,
according to FUJIMOTO et al. (1962) Yabeina globose (YABE), Y. katoi (OZAWA),
Neoschwagerina craticulifera (SCHWAGER), and N. minoensis OZAWA have been
found in the greyish-white limestone. Thus, the Makatoji Formation is referable
to the upper Akasakan, with a possibility of its upper part being the Kuman.

8. Wakasa area

The Miyakawa Formation* [Ht 87] of the northern part of the Wakasa area
comprises the Nabeyaman and Akasakan fusulinaceans, of which the former has
already been mentioned in the preceding chapter (p.129). According to IsomI
and KURODA (1958), the Akasakan fusulinaceans of the Miyakawa Formation
contain two assemblages: one comprises Parafusulina kaerimizensis (OZAWA),
Misellina sp., Cancellina sp., Neoschwagerina craticulifera (SCHWAGER), and
N. simplex OZAWA ; and the other contains Parafusulina kaerimizensis (OZAwWA),
Verbeekina sp., Neoschwagerina craticulifera (SCHWAGER), and N. margaritae
DEPRAT. Although the former is older in age than the latter, they are seemingly
not in normal order in stratigraphical superposition in the field.

The Kochi Formation** [Ht 86], which occurs mainly along the Obama Bay,
consists of chert and clayslate in the lower part, sandstone with intraformational
conglomerate in the middle, and thick schalstein in the upper. Neoschwagerina
sp., N. margaritae DEPRAT, Yabeina katot (OzZAWA), and Y. globosa (YABE) have
been reported in the brecciated limestone. Although the stratigraphical relation-
ship between the Kochi Formation and other formations in the Obama area are
not known, it is clear that the Kochi Formation is the uppermost stratigraphical
unit of the Upper Paleozoic Tamba Group in this area and belongs to the upper
Akasakan to the Kuman.

The Oura Formation [Swi2’] (3000 m), named by Ici, KURODA and HATTORI
(1961), is developed along Yuragawa valley and along the Maizuru Bay. It is

* The Oi Formation [Ht 90] and the Aoi Formation [Ht 88] (HirokAwA. IsomI and
KURr0DA, 1957), both have phyllitic facies in the Wakasa area and are included in the
Miyakawa Formation of IsoM1 and KURODA (1958).

** The Kochi Formation includes the Kato Formation [Ht 89] defined by HiROKAWA,
IsomMi and KuropA (1957).



The Fusulinacean Zones of Japan 149

composed mainly of dark greyish clayslate with intercalation of thick beds of
schalstein and thin beds of chert but contains no fossils, so the stratigraphical
age of this formation is not exactly known. So based on the lithological charac-
ters, the joint authors regard the Oura Formation as the upper Middle Permian
of the Tamba zone proper, being correlative with the lower Member of the
Maizuru Group.

The western extension of the Oura Formation appears in the western part
of Maizuru city and northern part of Oé-machi where it is called the Shimomitani
Formation [Swi3’] (Ic1 and KURODA, 1965). Although the Shimomitani For-
mation contains no fossils it is presumed to be Middle Permian by Icl and KURODA
from the lithological point of view.

9. Upper valley of Ibigawa—Tokuyama and Sakauchi area

The Sakauchi Formation [Ht 56] (600 m) consists mainly of basic tuff and
slate and is presumed to be the Middle Permian (KAJITA, 1963) by the fossil
evidence. KAJITA reported indeterminable species of Pseudofusulina, Para-
fusulina and Neoschwagerina from the limestone lenses interbedded in the basic
tuff, none of which have been described. The Sakauchi Formation is also presumed
to be equivalent to the Middle Permian of the Nyukawa facies in the Hida massif.

The Upper Paleozoic rocks of the middle and upper parts of Ibigawa valley
have also been studied by MIYAMURA (1965). The upper part of his Parafusulina—
Neoschwagerina zone is certainly referable to the Akasakan in which the following
species are determined by him:

Neoschwagerina cfr. margaritae DEPRAT
N. craticulifera (SCHWAGER)
N. rotunda DEPRAT em. MORIKAWA

Cancellina nipponica OZAWA
Parafusulina kaerimizensis (OZAWA)

P, edoensis (OZAWA)
P. takeyamai MORIKAWA and IsomI
P. iwasensis MORIKAWA and IsoMm1

Pseudodoliolina sp.
Pseudofusuline lepida (DEPRAT)
Psf. ambigua (DEPRAT)
It should be noted that all the species listed above are also found in the lower
part of the Parafusulina—Neoschwagerina zone in this area.
Although KAJITA (1963) and MI1YAMURA (1965) studied nearly the same
area, their results differ considerably in the stratigraphical division and geological
structure.

10. Funafuseyama area

The upper part of the Funafuseyama limestone [Ht 481 is referred to the
Akasakan in which OcawA and Ico (in FuJiMoTo et al., 1962) set up the following
fusulinacean zones in descending order:

Yabeina sp. zone
N. margaritae subzone

Neoschwagerina zone { N. craticulifera subzone
Cancellina nipponica subzone
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Although these zones and subzones are distinguished lithologically from one
another, their faunal contents are not as yet known.

11. Akasaka area

As already stated, the Akasaka limestone [Ht 65] is the type of the Akasakan
Stage in Japan and is also a classical locality for the study of the Paleozoic
stratigraphy and paleontology of Japan. OzAwA (1927) was the first who set up
the fusulinacean zones in this limestone from the evolutional standpoint of
neoschwagerinids. OzAWA’s zonation is so prominent that it has been still
accepted by many of paleontologists and stratigraphers.

MORIKAWA et al. (Akasaka Research Group) recently restudied the Akasaka
limestone and divided it into three formations: the lower with the guide genus
of Schwagerina, the middle with Neoschwagerina, and the upper with Yabeina.
Although they listed a number of species of neoschwagerinids including one new
genus and several new species, their range chart and explanation are, as already
stated in the preceding chapter, not available for a critical discussion.

HoNJO (1959) and MINATO and HoNJo (1959) also restudied the Akasaka
limestone and presented considerably different results from those having been
made by previous workers. However, HONJO’s observation was based on only a
single route along the southeastern slope of Kinshozan, Akasaka, and MINATO
and HONJO’s scheme of phylogeny of Neoschwagerininae put too much stress on
the nature of axial septula and it seems applicable to the phylogeny within
specific rank rather than generic one. Such being the situation, most of MINATO
and HONJO’s new genera are not accepted here, being synonymous with other
known genera.

In this paper OzZAWA’s biostratigraphical zonation of the Akasaka limestone
has been followed and further discussion seems unnecessary.

B. Tamba zone

1. Ishiyama limestone

The Ishiyama limestone [Ht 58] is exposed about 15 km northwest of Ogaki
city where the Mino massif decreases in height, forming hilly land. The lime-
stone attains a thickness of about 100 m and yields the following species (IsoMI,
1955) :

Schubertella giraudi (DEPRAT)
Neoschwagering craticulifera (SCHWAGER)
N. margaritae DEPRAT
Yabeina katoi (OZAWA)

Cancellina nipponica OZAWA

Verbeekina verbeeki (GEINITZ)
Pseudofusulina japonica (GUMBEL)

IsoMmi referred the Ishiyama limestone to the Nn, N¢, Nm, and Ng zones of
Akasaka limestone. However, it is not known whether all the species listed above
occur in a single horizon or not. Stratigraphical relationship between this
limestone and the surrounding non-calcareous formations is also not clear because
it is in fault contact with the latters.
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2. Ibukiyama area

The Akasakan is widely distributed in the Ibuki massif and its adjacent
area. The typical representative is the Ibukiyama limestone which constitutes
the thrusting mass on the non-calcareous formations of nearly the same age.

The Ibukiyama limestone [Ht 96] (450 m) was studied by SEKI (1938, 1939)
at some length who reported several species of neoschwagerinids and schwageri-
nids. Recent KOBAYASHI'S study (1957) has thrown light on the paleontology of
this limestone. He divided the zone of Neoschwagerina into two subzones, the
lower N. craticulifera (about 400 m thick) and the upper N. margaritae (about
500 m thick) which are correlated with the Nc¢ and Nm zone of the Akasaka
limestone, respectively. The assemblage of the Ibukiyama fauna has much in
common with other Akasakan fauna of Southwest Japan, such as Akasaka,
Akiyoshi, ete. and also with some of the American Tethys fauna. All the consti-

tuent species of the zone of Neoschwagerinag of Ibukiyama have been described
by KOBAYASHI.

The Middle Permian of the non-calcareous facies developed below and around
the Ibukiyama limestone was also surveyed by IsoMI and others.

The Tsuchikura Formation [Ht 91’] is developed to the north of the Ibuki
massif, namely, in the boundary area between Shiga, Gifu, and Fukui Prefectures.
It consists of chert, with clayslate, schalstein and limestone. Neoschwagerina
margaritae DEPRAT is the only available evidence for an age determination of
this formation (KANUMA in FUJIMOTO et al., 1962). The Tsuchikura Formation
is underlaid by the Deguchi Formation [Ht 91] of probable Nabeyaman.

The Kasuga Group exposes in the easterly adjacent area of the Ibukiyama
limestone and is divided into the upper Noharadani, the middle Kasuga, and the
lower Sasamata Formation. The Kasuga Group contains no fossils, but based
on the lithological similarity, it is correlated with the Kasukawa Formation and
the overlying unnamed formation which are developed further to the east. Ac-
cording to IsomrI (1956) the Kasukawa Formation [Ht 64’] yields Pseudofusulina
japonica (GUMBEL) and Neoschwagerina craticulifera (SCHWAGER) in the lower
part (clayslate, sandstone and limestone) and Codonofusiella paradoxica DUNBAR
and SKINNER and Neoschwagerina margaritae DEPRAT in the upper part (alterna-
tion of sandstone and clayslate with limestone lenses). The lower part of the
Kasukawa Formation is probably correlated with the Ne zone and the upper part
with the Nm zone of the Akasaka limestone.

The Itanami Group [Ht 95] and the Ashimatagawa Group [Ht 95], developed
west and northwest of the Ibukiyama limestone, are presumably regarded as the
Akasakan, though they are barren of fossils. The former is lithologically referred
to the Kasukawa Formation and the latter to the Kasuga Group. More study in
the future is necessary on these non-calcareous groups.

3. Yoro massif

The upper Subgroup of Yoro Group [Ht 67] has been referred by KANUMA
and IRIE (1962) to the Middle Permian ranging from the zone of Parafusulina
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to the zone of Yabeina although this is not verified by the paleontological evidence
except a problematical occurrence of Yabeina globosa (YABE) in the limestone
lens of the chert member. The joint authors pointed out the stratigraphical
importance for the occurrence of granitic pebbles in the conglomerate of the
lowest part of the Subgroup.

4. Fujiwaradake area

The Kurakaketoge Formation [Ht 104] in this area consists of the alterna-
tion of chert and clayslate in the lower part, thick sandstone in the upper part,
and attains about 800 m in thickness. The basal part consists of brecciated
limestones of about 20 m and the limestone matrix of which yields Neoschwagerina
craticulifera (SCHWAGER). MURATA (1960) referred the Kurakaketoge Forma-
tion to the zone of Neoschwagerina.

The Tokiyama Formation [Ht 69] (400 m) developed in the northern part
of the Fujiwaradake area is, according to MURATA, probably correlative with the
Kurakaketoge Formation of the south because of the similarity in facies.

KoBAaYASHI (1941, 1951) and MURATA (1961) differs in their geotectonical
interpretation of the Suzuka massif as already mentioned in the preceding
chapter (p.129).

5. Kitayama area (Northern hill of Kyoto)

The Kurama Formation [Ht 106] (SAKAGUCHI, 1962), the lowest division
of the Tamba Group in the Kitayama area, has the Neoschwagerina craticulifera
subzone in the upper part in which N. craticulifera (SCHWAGER) and Parafusulina
sp. have been reported from the north of Kurama station. The overlying Ichihara
(2400 m) and the Kumogahata (1300 m) Formations are barren of fossils,
though they are presumed to be of the Upper Permian age.

6. Nishiyama area (Western hill of Kyoto)

The stratigraphy of Nishiyama area was studied by MATSUSHITA (1950,
1951), and more recently by SAKAGUCHI (1958, 1962). According to SAKAGUCH]I,
the upper part of the Tanc Formation [Ht 116] belongs to the Neoschwagerina
craticulifera subzone in which the following species have been found:

Pseudofusulina tanbensis SAKAGUCHI (abundant)

Psf. japonica (GUMBEL)

Psf. gigantojaponica KOBAYASHI
Parafusulina edoensis (OZAWA)

P takatsukiensis SAKAGUCHI

Pseudodoliolina ozawai YABE and HANZAWA

Cancellina sp.

Neoschwagerina craticulifera (SCHWAGER)
Waagenophyllum izuruhense SAKAGUCHI and YAMAGIWA

Fossiliferous limestones occur only in the Tano Formation but not in the
Izuruha [Ht 116’] and the Takatsuki Formation [Ht 117] which are the middle
and upper divisions of the Tamba Group of this area. The whole Permian strata
of this area attain 6800 m in thickness.
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7. Waestern part of the Tamba zone

Due to the scarcity of fossils, our knowledge of the Permian stratigraphy
and paleontology of this part is still very meager, for which only the following
results are available:

Fujsimoto (1938) once reported a Neoschwagerina fauna from Kametsubo
[Ht 125], Ichikawa-machi, Hyogo Prefecture. The fauna indicates the upper
Akasakan age rather than the Kuman. It comprises the following species:

Endothyra sp.

Pseudofusulina sp.

Verbeekina cfr. verbeeki (GEINITZ)

Neoschwagerina craticulifera tenuis DEPRAT (abundant)
Yabeina cfr. globosa (YABE)

NAKADA and Goto (1958) reported the following species in two limestone
lenses found north by west of that of Kametsubo:

Neoschwagerina sp.

N. cfr. margaritae DEPRAT
Schwagerina sp.

Hayasakaina sp.

The stratigraphical horizon of these limestones is certainly of the upper
Akasakan. NAKADA and GoOTO considered the former as a little higher than the
latter. Detailed stratigraphic study is necessary on this area.

V. Chugoku massif
1. Waest central part of Hyogo Prefecture

Upper Paleozoic rocks of uncertain age have been found in several separated
areas in the west central part of Hyogo Prefecture. These Paleozoics rocks were
considered to belong to the Yamaguchi facies of KOBAYASHI in which limestone
is extremely rare. Some of them are metamorphosed thus complicating in
structure.

The Akenobe Formation [Swil8] and its metamorphic equivalent, the
Surugamine Formation [Swi17], and the Oya Formation [Swil5] with its
presumable equivalent the Chihara Formation in the easterly adjacent Takeda
area have been studied by HIROKAWA, Tocgo and KAMBE (1954) who regard them
only as Permo-Carboniferous. However, since MATSUSHITA (1953) reported
Neoschwagerina craticulifera (SCHWAGER) and “Pseudofusuling” sp. from the
limestone lens intercalated in the black slate of the Akenobe Formation exposed
to the east of Iwai, Minamitani-mura, Yabu-gun, Hyogo Prefecture, it is certain
that a part of the Akenobe Formation is at least referred to the Akasakan.

It is noted that conglomerate beds are found in the Akenobe, Surugamine,
Oya, and Chihara Formations, though they are very thin and not continuous in
distribution. Stratigraphical implication of these conglomerate beds has not
been determined yet.

Meanwhile, NAKAZAWA and his collaborators have made effort to clarify the
Maizuru zone from the stratigraphical, paleontological and geotectonical stand-
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points. And, it has been proved that the Akenobe and Oya Formations have the
same characteristics as the Maizuru Group of the Maizuru area, and also that a
part of the Akenobe Formation is Early-Middle Triassic in age according to the
paleontologic evidence. Thus, SHIMIZU (1962) rejected the Akenobe and Oya
Formations and combined them into the Maizuru Group. Stratigraphy of the
Maizuru Group will be mentioned in the following chapter.

The Akasakan Neoschwagerina faunule reported by NAKADA and GoTo (1961)
from Yokozeki [Swi 26], Himeji city is considered to be the easterly extension of
the Kamigori branch of the Maizuru zone (SHIMIZU et al.,, 1962). It comprises
the following species:

Neoschwagerina sp.

N. cfr. margaritae DEPRAT
N. cfr. iisakai TORIYAMA
N. craticulifera (SCHWAGER)

Pseudofusulina sp.

2. Atetsu plateau

The stratigraphy and paleontology of the Atetsu limestone have recently
been much clarified by IMAMURA and his collaborators and also by NOGAMI.
IMAMURA (1958, 1959) divided the Permian of the Atetsu limestone into two
groups, the lower Sabushi and the upper Yukawa. The Kanikawa Formation
[Swi 35], the upper division of the Sabushi Group, and the Maki Formation
[Swi 34], the lower division of the Yukawa Group were referable to the zone
of Neoschwagerina. According to later studies by SApa* (1960, 1961, 1964,
1965) only the Maki Formation can be referred to the zone of Neoschwagerina.
The Maki Formation consists mostly of limestone conglomerate which is con-
formably overlain by the Terauchi Formation. The fusulinaceans found in the
Maki Formation are Neoschwagerina craticulifera (SCHWAGER), N. minoensis
0zAawA, N. margaritae DEPRAT, N. megasphaerica DEPRAT, N. douvillei OZAWA,
N. toriyamai SADA, Yabeina katoi (OZAWA), Afghanelle sp., Sumatrine annae
Vorz, S. longissima DEPRAT, Verbeekina wverbeeki (GEINITZ), Pseudodoliolina
pseudolepida (DEPRAT), and Parafusuline armstrongi THOMPSON.

SADA believes that the Neoschwagerina faunule of the Maki Formation is
certainly the uppermost of the zone of Neoschwagerina, and the Neoschwagerina—
Yabeina faunule of the Terauchi Formation, which was first (1960) designated
Yabeina globosa zone and later (1961) redefined as the Yabeina shiraiwensis
zone, is older than the Yabeina—Lepidolina faunule.

* As the uppermost division of the Sabushi Group, the Kanikawa Formation was
proposed by IMAMURA, OKIMURA and SADA (in IMAMURA, 1959). It comprises Pseudo-
fusuline kraffti (SCHELLWIEN), Psedodoliolina ozawai YABE and HANZAWA and Afghanel-
la? sp. in the lower part, and Verbeekina verbeeki (GEINITZ), Neoschwagerina crati-
culifera (SCHWAGER), Pseudodoliolina ozawai YABE and HANZAWA and Ozawainella sp.
in the upper part. IMAMURA referred the lower part of the Kanikawa Formation to
the Parafusulina kaerimizensis or the Neoschwagerina craticulifera subzone, and the
upper part to the Verbeekina verbeeki subzone. However, SADA (1961) later revised
the definition of the Sabushi Group and included the Kanikawa Formation in his
Shoyama Formation [Swi 40].
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IMAMURA emphasized the stratigraphical significance of the unconformity
between the Kanikawa and Maki Formations and proposed the ‘“pre-Maki un-
conformity”. He also pointed out that further study is needed to ascertain
whether the pre-Maki unconformity implies only epeirogenic movement or a more
profound geotectonic movement which might have an important bearing on the
geologic history of Southwest Japan.

Independently of IMAMURA and his collaborators, NocAMI studied the central
part of the Atetsu plateau and regarded the Permian section of the Atetsu
limestone Group as conformably successive sequence. His Neoschwagering
douvillei — N. margaritae subzone is certainly correlative with SADA’s N. douwillei
zone, though their faunal contents are not necessarily the same. All the species
found in the N. douwillei — N. margaritae subzone have been described by NoGAMI
(1961) in detail.

3. Oga plateau

In the Nakamura limestone [Swi45’] which is developed in the northern
part of the Oga plateau, CHANG (in KOBAYASHI, 1950) recognized the zone of
Yabeina which is directly underlaid by the zone of Parafusulina. The zone of
Yabeina comprises Y. cfr. katoi (OZAWA), Neoschwagerina cfr. douvillei QZAWA,
and Sumatrine sp. However, the zone of Neoschwagerina is said to be present
(IMAMURA, 1959) and, in fact, YOSHIMURA (1961) stated that the Neoschwagerina
douvillei subzone is developed in the uppermost part of the Nakamura limestone
which is conformably overlaid by the Yabeina shiraiwensis subzone of the
Uji Formation.

In the Koyama limestone [Swi49] of the southern part of the Oga plateau,
the Pseudofusulina cfr. japonica zone with Neoschwagerina craticulifera was
recognized (CHANG in KOBAYASHI, 1950) and is overlain by the Lepidolina multi-
septata zone of the Uji Formation of conglomeratic facies. Through recent study
by YOosHIMURA (1961) the Parafusulina—Neoschwagerina zone has also been
found in the uppermost part of the Koyama limestone, though its faunal contents
is not clear. Under the modern knowledge of micropaleontology, detailed bio-
stratigraphical study is needed on the Upper Paleozoic of the Oga plateau.

4., Taishaku plateau

FuJimoro (1944) stated that the Middle Permian fusulinacean zones are not
exposed as well in the Taishaku plateau as the Upper Permian fusulinacean zones.

The following species were listed by him as the constituent species of the zone
of Neoschwagerina:

Ozawainella delawarensis DUNBAR and SKINNER
Pseudofusulina ambigua (DEPRAT)

P. kraffti (SCHELLWIEN)

P. japonica hayesakai (LEE)
Verbeekina verbeeki (GEINITZ)

Neoschwagerina craticulifera (SCHWAGER)

N. margaritae DEPRAT
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In a recent study by YokovyaMA (1959), the Kiriwake Formation [Swi 54’]
of the Higashi-uyama Group is referred to the zone of Neoschwagerina in which
he found the following species; Neoschwagerina douvillei OZAWA, N. craticulifera
(SCHWAGER), Sumatrina annae VoLZ, and Pseudodoliolina sp.

It seems certain that the zone of Neoschwagerina of the Taishaku plateau
is correlated with the Pmy and /or Pm8 subzone of the Akiyoshi limestone Group.

5. Fuchu area (Eastern part of Hiroshima Prefecture)

Several masses of limestone and weakly metamorphosed Paleozoic rocks of
the Upper Permian age display parallel arrangement in the environs of Joé
[Swi66] though they are in tectonic contact (HAsE, 1963). Most of these
limestones are of the Lower Pennsylvanian age, yielding primitive fusulinaceans
and smaller foraminifers, but a limestone conglomerate crops out west of Joé,
Sanwa-cho, Jinseki-gun and contains the Neoschwagerina margaritae faunule.
SADA (1963) described N. margaritae and its allies from this limestone in detail.

It is noted that the Joé and the other Pennsylvanian limestones are so
closely located that an unconformable relationship between them is presumed
(HASE, 1963).

The non-calcareous Paleozoic rocks developed to the south of Taishaku
plateau (Jinseki-Yuki area) have been studied recently by HASE (1965) at some
length. Because of a similarity in lithofacies he correlated them with the Yoshii
Group which has the type locality in Mihara [Swi 51], Yoshii-cho, Shitsuki-gun,
Okayama Prefecture (YOSHIMURA, 1961). The Yoshii Group of the Jinseki-Yuki
area is divided by HASE into the lower formation (800 m+) of black shale facies
and the upper formation (1500-2000 m) of sandstone and shale facies. The lower
formation is mostly barren of fossils, and only available paleontological evidence
is the occurrence of Neoschwagerina sp. (primitive type) and Pseudofusulina? sp.
in the small limestone lens. HASE referred the lower formation to the Middle
Permian and correlated it with the Odake Formation of the Yoshii Group in the
type area.

A formation of calcareous facies in this area, which has been left unnamed
but is presumed to be the southern extension of the Taishaku limestone, crops
out south of Nagano [Swi 67A’], Jinseki-cho. The Akasakan is represented by
a limestone conglomerate and yields Yabeina sp. (Y. katoi type), Neoschwagerina
cfr. douvillet 0zaAwA and Parafusulina sp. in the matrices. It is correlated with
the Arito Formation of the Taishaku area.

6. Akiyoshi area

The Akasakan fusulinacean zone in the Akiyoshi limestone [Swi 100] is
the zone of Neoschwagerina which is divided into three subzones, N. craticulifera,
Verbeekina verbeeki and N. douvillei subzones in ascending order. The last
named subzone is unconformably overlain by the Yabeina shiraiwensis zone., The
faunal contents and paleontological characteristics of these subzones were de-
scribed by ToORIYAMA (1954, 58) in detail. HASEGAWA (1958) and MURATA (1961)
have different opinions on the zonation of the Akiyoshi limestone.
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The non-calcareous formations of the Akasakan are also developed around
the Akiyoshi limestone. The Yaegahara Formation [Swi99] of Oda Group, the
Tsunemori Formation [Swi 93] of Tsunemori Group, and the Serita Formation
[Swi 88] of Beppu Group were all referred to the Akasakan (TORIYAMA, 1954).
MURATA (1961), who restudied the Akiyoshi area, revised the definitions of some
of these formations along with different interpretations on the tectonic relation
between the non-calcareous formations and the Akiyoshi limestone. KAWANO
et al. (1963) also differ in their opinions in the interpretations of the geologic
structure of the Oda Group.

7. Mino-Kanoashi massif

The Paleozoic rocks developed in the border area of Yamaguchi and Shimane
Prefectures consist of alternation of sandstone and slate with intercalation of
limestones and cherts. The Kane Formation [Swi76] contains the Akasakan
in its upper part; namely, the Izuto limestone yields Neoschwagerina margaritae
DEPRAT together with Schwagerina sp. and Schubertelle sp. KAWANO et al.
(1956) referred the upper part of the Kane Formation to the Pm$ subzone of the
Akiyoshi limestone Group. The lower part of this formation ranges from the
Sakamotozawan to Nabeyaman and obtains a thickness of about 3000 m.

The Hatagasako Formation [Swi74] (1000-1500 m) conformably overlies
the Kane Formation and consists mainly of coarse sandstone that changes to
conglomerate at places. This formation is stratigraphically regarded as the
upper part of the zone of Neoschwagerina (KAWANO, 1961), although there is no
positive paleontological evidence to verify this age.

8. Abugawa area

According to KAWANO (1961), the Ikadaba Formation [Swi 80] developed
along the lower valley of Abugawa consists of sandstone and clayslate with
intercalations of limestone. The limestone and limestone breccia in the upper
part of this formation yield Neoschwagerina cfr. craticulifera (SCHWAGER),
N. cfr. simplex OZAWA and N. margaritae DEPRAT. Therefore the upper part of
the Tkadaba Formation is correlated to the Akasakan. It is noted that the Ikadaba
Formation is unconformably overlaid by the Kyodoko Formation [Swi 81] which
is mostly of the Kuman but also including the uppermost Akasakan in the
lower part.

9. Zomeki and Handa limestones

The Handa limestone [Swi 79] also contains a limestone conglomerate above
the limestone referred to the Nabeyaman (KAWANO, 1961, 1963). Although
Neoschwagerine cfr. craticulifera was reported from the limestone conglomerate,
it is not known whether the specimens of this species do occur in the pebbles
of limestone conglomerate or in the matrix. @ The uppermost of the Handa
limestone is probably of the uppermost Akasakan. TAKAHASHI (1963) differs
from KAWANO on the structural interpretation of the Handa limestone and the
stratigraphical relationship between the Handa limestone and the Kyodoko
Formation.
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Two zonules of the Akasakan have been recognized in the Zomeki limestone
[Swi77] by KAWANO (1961) ; the lower Neoschwagerina megaspherica and the
upper Sumatrina annae zonule. As the species of Neoschwagerina in the lower
zonule are considerably advanced in form for that genus, the upper part of the
Zomeki limestone was correlated by KAWANO to the Akasakan, corresponding to
that ranging from the Veerbeekina verbeeki to the Neoschwagerina douvillet
subzones of the Akiyoshi limestone Group. It should be remembered that the
Zomeki limestone is conformably overlaid by a formation which is considered
to be correlative to the Mugitani Formation of the Kuman age.

Between the Handa and Zomeki limestones is developed the Hirawarabi
Formation [Swi 78] in which no horizons have been proved paleontologically to be
the Akasakan. However, because of its similarity in lithology to that of the Suzu-
miyama Formation (Nabeyaman to Akasakan) of Miyano area, KAWANO (1961)
regarded the Hirawarabi Formation as the Nabeyaman up to the Akasakan.

TAKAHASHI (1963) differs in his opinion concerning the correlation of the
Hirawarabi Formation; namely, he correlated the formation to the Sumatrina
annae zone or to the Kyodoko Formation (the uppermost Akasakan to the lower
Kuman) from the structural point of view. He does not share the same opinions
concerning the geological structure of the Zomeki limestone, assuming that the
Zomeki limestone and the Mugitani Formation [Swi79’] are not in structural
contact as KAWANO considered, but are conformable with each other, forming
an isoclinal folding with the westerly dipping axis.

10. Yamaguchi area

The Aratani Formation [Swi 82] was once regarded by KAWANO (1954) as
the middle (Aratani conglomerate) and upper divisions of the Miyano Formation
but later redefined (1961) as the upper formation of the Tsunemori Group in
the Yamaguchi area. The Aratani Formation is divided into three members: the
lower alternation of conglomerate and sandstone (40-50 m), the middle con-
glomerate and conglomeratic sandstone (350-4060 m), and the upper alternation
of sandstone and clayslate (700 m). KAwANo identified the following species in
the limestone conglomerate of the lower member :

Ozawainella aff. kueichihensis (CHEN)
Codonofusiella explicata KAWANO

Pseudofusulina arataniensis KAWANO

Parafusulina sp.

Pseudodoliolina ? sp.

Neoschwagerina cfr. douvillei OZAWA

N. megaspherica miyonoensis KAWANO

KAwANO considers that the above fusulinaceans were derived from different
horizons and also that some pebbles of limestone conglomerate were derived
from an older formation. He correlated the lower member of the Aratani
Formation to the upper part of the zone of Neoschwagerina.
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VI. Outer zone of Southwest Japan
A. Kii peninsula
1. Omura isle

YAMAGIWA and ISHII (1957) described Yabeina packardi shimensis and
Y. omurensis in the unnamed Permian formation developed in the Omura isle
[Swo 5] off Toba city. This formation consists of sandstone, shale, chert, schal-
stein, and limestone and was once correlated by I1zUukA (1928) to the Matsuo
Formation of Cretaceous age located in the Shima peninsula with the NE-SW
trend.

The above mentioned species of Yabeina, judging from the illustrations, are
rather primitive for the genus. Hence, the Permian of Omura isle may be
referable to the upper Akasakan rather than to the Kuman.

2. Shima area

The Upper Paleozoics, together with Jurassic and Lower Cretaceous forma-
tions, are complicated in structure by folding and numerous faultings (KIMURA,
1957; YAMAGIWA, 1956, 1957; KUSAKABE and MIYAMURA, 1958).

Among the Upper Paleozoic rocks, the Aomine [Swo 7] and the Iwakura
[Swo 6] Formation of YAMAGIWA and the C block of KUSAKABE and MIYAMURA
are referable to the Akasakan by paleontological evidences. The former two
formations are developed in two zones to the north and south, separated by
structurally intervening Mesozoic rocks.

The fusulinacean fossils reported by YAMAGIWA from the Aomine Formation
are as follows:

#*Neoschwagerina fujimotoi YAMAGIWA

*N. sakaguchii YAMAGIWA
N. sp.

*Cancellina matsushitai YAMAGIWA
C.? sp.

Pseudodoliolina sp.
Schubertella sp.

Although YAMAGIWA regarded the above fauna as belonging to the middle
part of the Middle Permian, but judging from his description and illustrations
of his new species (shown by an asterisk in the above list) each bears rather pri-
mitive aspect for the respective genus. Thus, if the stratigraphic position of the
allied species of these neoschwagerinids is taken into account, it is not improbable
that the Aomine Formation may be referable to the upper Nabeyaman.

The eastward extension of the Aomine Formation is the C block of KUSAKABE
and MIYAMURA in which Neoschwagerina cfr. craticulifera (SCHWAGER) occurs.
In this block, however, limestones referred to the zone of Fusulinelle and the
Jurassic Torinosu limestone are inserted.

The Iwakura Formation [Swo 6] yields only Yabeina cfr. kato: (OZAWA) and
an indeterminable species of schwagerinids, the former of which was described
by YAMAGIWA who referred this formation to the upper Akasakan.
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A part of the Kochi Group [Swo 6] is developed in the northernmost part of
this area and is also referred to the Akasakan based on Neoschwagerina sp. in
the limestone of apparently the lower horizon.

3. Aso-Gokasho area

The only available information for the Akasakan in the Aso-Gokasho area
is the occurrence of Neoschwagerina limestone in the Ichinosé area [Swo 15].
Because KIMURA (1957) studied this area, putting stress on the tectonie, further
details concerning the Neoschwagerina fauna of this area is not known.

4, Central part of Kii peninsula

In the main zone of Chichibu terrain of the central part of Kii peninsula the
Kawakami Group* is widely developed, the upper division of which is named by
SHIIDA (1962) as the Shiroyadake Formation [Swo 22]. It consists mainly of
massive chert with association of clayslate, sandstone and lenticular limestones
(about 2500 m). In the greyish white massive limestone intercalated in the
sandstone of the lower part yields Neoschwagerina sp. and Schubertella sp.
(Locality, east of Seto, Kawakami-mura). Although enough paleontological
information has not been available from this faunule, SHIIDA assumed that the
lower part of the Shiroyadake Formation can be correlated with the zone of
Yabeina and a part of zone of Lepidolina.

Neoschwagerina sp. and Yabeina sp. were found in the Osugi area [Swo 19]
of Mié Prefecture by ARAKI et al. (1956) in the lower limestone of unnamed
Paleozoic formation of about 850 m thickness. It has been shown, however, that
these species are not referable to the Akasakan but to the Kuman as will be
stated later. (See p. 189)

5. Western part of Kii peninsula

In this part of the peninsula the Upper Paleozoics consisting of sandstone,
clayslate, and chert with limestone lenses occur in two narrow belts (several
hundreds meters to 1.5 km in width) with nearly E-W or NEE-SWW trend.

The northern belt is well developed in Yuasa [Swo 3371 and its environs. As
already mentioned in Chapter VII, the Permian of the northern belt is divided
by HIRAYAMA and TANAKA (1956) into A, B, C, and D, of which C is the Akasakan.
The division C is further divided into C; (200-400 m) and C, (200-400 m). The
C, is characterized by a predominance of schalstein whereas the C, contains
clayslate, chert and sandstone without schalstein. HIRAYAMA and TANAKA
reported Neoschwagerina cfr. craticulifera (SCHWAGER) from Otokoura [Swo 30’],
Minoshima-machi and Yabeina cfr. katoi (0zawa) from XKirisaki [Swo 32/],
Tasukawa-mura.

The southern belt is composed of sandstone, clayslate, and their alternation
with a subordinate amount of chert and limestone. A conglomerate bed of about

* SHIIDA (1954) proposed the Kashiwagi, Nireo, Seto, and Okuseto Formations in as-
cending order for the Upper Paleozoic of this area, but, all the formational names
have not been used in his later paper (1962).
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1m thick is also found and contains round or subangular pebbles of sandstone,
chert and slate. Neoschwagering cfr. craticulifera (SCHWAGER) has been found
at Awao [Swo 28] of Iwakura-mura and Pseudofusuling japonica (GUMBEL),
Schwagerina sp., Neoschwagerina craticulifera (SCHWAGER) and Huangia sp.
at Itogawa [Swo 29] of Ishigaki-mura.

Besides the above mentioned, the fossil evidence avalable in this area is as
follows (Sucivama, 1932):

Shirasaki limestone [Swo 35] exposed NNW of Yura:
Schubertella phairayensis (COLANT)
Pseudofusulina ambigua (DEPRAT)
Neoschwagerina craticulifera (SCHWAGER)

Ina, north by west of Yura [Swo 36]:

Staffella sp.
Schubertella phairayensis (COLANI)
Pseudofusulina ambigua (DEPRAT)

Neoschwagerina craticulifera (SCHWAGER)
Yabeina? sp.

The above two faunules are probably referable to the Akasakan though no
species have been described.

B. Shikoku

1. Eastern part of Tokushima Prefecture

a. Northern zone

(1) Katsuuragawa area

The Cretaceous terrain exists between the northern and the middle zone of
the Chichibu terrain. The Kenzan Group, named by YAMASHITA et al. (1956),
is the representative of the Middle Permian in the northern zone, which consists
mainly of sandstone and mudstone, with a large amount of chert and subordinate
amount of basic pyroclastics (shalstein) and is almost barren of fossils. The
only known available paleontological informations are Schwagerina bellula DUNBAR
and SKINNER from Yokose* [Swo 38] (fossil list in KoBAYASHI, 1950) and
Pseudofusulina? sp. from Ten’nodani [Swo 371 (YAMASHITA et al., op. cit.).

As pointed out by YAMASHITA et al. the Kenzan Group is certainly Lower
to Middle Permian in age, though it is difficult to determine the exact strati-
graphical lower and upper limits of the group.

(2) Sawadani area

The Sawadani Formation [Swo 497 (HIRAYAMA et al.,, 1956) is developed
with east-west trend in the southern part of Tokushima Prefecture. This forma-
tion is a member of the northern zone of the Chichibu terrain, being in a tectonic
contact with the Kenzan Formation in the north and thrust upon the Mesozoic
and/or Paleozoic formations of the middle or southern zone in the south.

The middle part of the Sawadani Formation is composed of a vast amount
of basic volcanics with limestone lenses in which Neoschwagerina craticulifera

* TSUKANO (1931) once reported Depratella sp., Fusulina sp., Doliolina lepida, Neo-
schwagerina craticulifera, and Cancellina sp. from the same locality.
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(ScHWAGER) and Schwagerna sp. occur in several localities, Takano [Swo 48],
Kisawa-mura; Yaeji [Swo 47], Kamikatsu-machi; Yokose [Swo 38], Katsuura-
machi, ete.

The upper part of the Sawadani Formation consists of sandstone and mud-
stone with a chert bed and yields Yabeina globosa (YABE) in the limestone inter-
bedded in the black mudstone. The middle and upper parts of the Sawadani
Formation are referable to the Akasakan while there is a possibility that the
uppermost part, which consists of an alternation of sandstone and mudstone,
ranges up to the Kuman.

b. Central zone

The central zone of the Chichibu terrain in the eastern part of Shikoku is
almost exclusively occupied by the Hisone Group which is cut by thrusts and faults
and is arranged in several minor belts of nearly east-west direction, to each of
which a different name (facies name) is given (YAMASHITA et al., 1958). They are
as follows from north to south:

(1) Kaneishi facies (northern facies of the Kusune Group [Swo 39] of SUYARI, 1954):
dark purple to green tuff, bedded chert, black shale, sandy shale, and limestone. The
following fusulinaceans* are known from two localities:

Pseudofusulina cfr. ambigua (DEPRAT)
Pseudoschwagerina? sp.
Pseudodoliolina sp.

Neoschwagerine cfr. douvillei OZAWA

N. sp.
Yabeina katoi (0zAwA)
Y. sp.

(2) Kusune facies (southern facies of the Kusune Group [Swo 39] of SUYARI, 1954):
alternation of shale and sandstone, green tuffaceous shale, with limestone. The
fusulinaceans were found in the limestone exposed at 500 m east of Fukase-tunnel:

Pseudofusulina verneuili solida (SCHELLWIEN)
Psf. cfr. ambigua (DEPRAT)
Schwagerina sp.

Neoschwagerina simplex OZAWA

(3) TFukase facies (Fukase Group [Swo 40] of SUYARI, 1954): alternation of sandstone
and shale, and chert with conglomeratic limestone. The fossils were found from
localities about 700 m west of a shrine located to the south of Fukase:

Neoschwagerina cfr. craticulifera (SCHWAGER)

Schwagerina sp.

Pseudofusulina sp.

Fusulinella sp. (found in pebbles of the limestone conglomerate)

(4) Miyauchi facies: alternation of sandstone and shale and conglomeratic sandstone
with limestone. No fusulinaceans occur.

(5) XKamodani facies (Kamodani Group [Swo 41] of SuUYARI, 1954): alternation of
sandstone and shale and coarse sandstone, with dark purple tuff, chert, and limestone.
The following fusulinacean fossils were found at Higashi-Kamo, Tomioka-machi.

* The listed species are considerably different from those listed by SUYARI from the
same locality.
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Fusulinella cfr. pseudobocki (LEE et CHEN)
F. sp.
Fusulina sp.

The above three species are found only in pebbles of conglomeratic limestone,
whereas Neoschwagerina sp. and Schwagerina sp. are known from other localities.

The paleontological data obtained from the above five facies indicate that
most of the central zone of the eastern part of Shikoku is probably referable
to the Akasakan, though some of them also contain a part of the Nabeyaman.

The Hisone Group is divided into two formations according to recent study
of SUYARI (1961). They are the lower Kusune Formation [Swo 39] which ranges
from the Sakamotozawan to the Nabeyaman in age and the upper Hisone Forma-
tion [Swo 52] which is of the Akasakan. The stratigraphical relationship between
these two formations and five facies mentioned above is not clearly understood.

The fusulinacean species listed by SUYARI from the Hisone Formation are
as follows:

Neoschwagerina craticulifera (SCHWAGER)
N. efr. douvillei OZAWA

N. sp.

Yabeina omurensis YAMAGIWA and ISHII
Pseudodoliolina pseudolepida (DEPRAT)

c. Southern zone

The Daigo and the Wakasugi Formation are the Paleozoic members in the
southern zone of Chichibu terrain, the former of which is Pennsylvanian in age
as already stated. The Wakasugi Group [Swo 43] shows the largest distribution
among the Paleozoic in this area, and occurs in two belts, north and south, in
middle of them the Daigo Group is inserted with fault relation. The lower
formation of the Wakasugi Group consists mainly of conglomeratic to coarse
sandstone, with alternation of sandstone and shale, and thin tuff layers and
limestone in the upper part. Fusulinacean fossils were collected from one locality
west of Otai and two localities in Wakasugi (YAMASHITA et al., 1958).

From west of Otai [Swo 44]; Neoschwagerina simplex OZAWA
From Wakasugi [Swo 43];

Pseudofusulina sp.

Pseudodoliolina sp.

Verbeekina sp.

Neoschwagerina craticulifera (SCHWAGER)
Yabeina globosa (YABE)

Y. sp.

Thus the lower formation of the Wakasugi Group is referred by YAMASHITA
et al. to the Middle Permian and ranges from the Neoschwagerina simplex zone
(or Parafusulina kaerimizensis zone) to the Yabeina globosa zone. The middle
and upper formations of the Wakasugi Group (about 1000 m) contain no fossils,
although from the lithological standpoint they are probably referable to the
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Upper Permian. It is regretable that no species have been described from the
Katsuuragawa basin.

2. Central part of Tokushima Prefecture

The Hisone area [Swo 52] is located about 20 km southwest of the Katsuura-
gawa area, along the valley of Nakagawa. KOBAYASHI and IWAYA (1941) reported
the complicated structure in the Paleozoic and Mesozoic rocks in this area, but
YAMASHITA (1950) insisted that this is not an imbricated structure but the Paleo-
zoic and Mesozoic rocks are forming sandwich structure such as seen in other
parts of the Chichibu terrain in the Outer zone of Southwest Japan. Although it is
an interesting problem, discussion on the structural analysis is beyond the scope
of this paper. In the Hisone area, like the Katsuuragawa area stated above, the
Paleozoic and Mesozoic rocks expose in three zones, northern, central, and south-
ern, bordered by remarkable fectonic line or zone.

a. Northern zone

The representatives of Permian in the northern zone are the Kenzan Group
of the north and the Sawadani Group of the south. Both are partly metamorphosed
and very poor in fossil contents. HIRAYAMA ef al. (1956) reported indeterminable
species of Pseudofusulina and Parafusulina from the Kenzan Group [Swo 56],
referring it to Lower to Middle Permian. The Sawadani Group [Swo 49] is
comprised mainly of sandstone and shale with a considerable amount of basic
voleanic tuff and yields Parafusulina? sp. in the lower part, Neoschwagerina
craticulifera (SCHWAGER) and Schwagerinag sp. in the middle, and Yabeina globosa
(YABE) in the upper. Thus the joint authors referred the Sawadani Group to
the Middle Permian with a possibility of being the Upper Permian toward the
uppermost part.

b. Central zone

The Hisone Group [Swo 52] of the central zone is most prolific in fusulinacean
fossils, and consists mainly of an alternation of shale and sandstone with inter-
calations of chert, basic tuffite and conglomeratic limestone (about 300 m in
thickness). HIRAYAMA et al. (1956) listed many fusulinacean species from
eleven localities ranging from Pennsylvanian to Middle Permian in age, most of
which however have been left undescribed. Because species of Neoschwagerina
are found in the matrices of conglomerate and those of EFoschubertella, Fusulinella,
Schwagering, and Pseudofusuling are in the pebbles of conglomerate, the age of
limestone conglomerate is roughly referable to the Akasakan. HIRAYAMA et al.
believes that all the limestone conglomerates are Middle Permian in age even
though some of them do not comprise any Permian species but Pennsylvanian
species only in the pebbles. They deem that this does not mean a difference in
age, but it is due to a difference in the condition of deposition and also to the
incompleteness in sampling.

The Pennsylvanian species found in the ‘“Middle Permian” limestone con-
glomerates may be interpreted to show that the limestone conglomerates are
Pennsylvanian in age and is sandwiched between the Permian strata.
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c. Southern zone

The Wakasugi Group extends westward from the Sawadani area into the
southern zone of the Hisone area. The paleontological evidence for the strati-
graphic dating is available only in the lower formation of the Wakasugi Group
as already stated on page 163. Like the Sawadani Group in the northern
zone, the Wakasugi Group has a good possibility of having the Upper Permian
in the upper formation.

3. Central and western parts of Shikoku
a. Northern zone

The Permian rocks occupy the widest area in the northern zone as well as in
the Katsuuragawa basin and Hisone area. The Kamiyakawa Formation* [Swo 69 |
(IsHII et al., 1957) of northern side and the Tosayama Formation [Swo 68] of
the Shirakidani Group are referable to the Akasakan. The former is almost
barren of fossils, and Neoschwagerina sp., discovered by HASHIMOTO, is the only
available information for an age determination. The Tosayama Formation, on
the contrary, abounds with fusulinaceans. TORIYAMA (1947) described fifteen
species including species of Misellina and primitive members of Neoschwagerina
in the lower part of the Tosayama limestone and five species including advanced
species of Neoschwagerina in the upper part. Thus the upper part of the Tosa-
yama Formation is referred with certainity to the upper Akasakan.

Besides the above, a number of species of Neoschwagering, mostly of
N. craticulifera (SCHWAGER), N. douvillet OZAWA and N. margaritae DEPRAT,
have been reported from several localities (KOBAYASHI, FUJITA and KIMURA, 1945;
KoBAYASHI, 1950; HIRATA, 1958).

In the northern zone and in the northern half of the central zone of the
Chichibu terrain are developed ‘“the schistosed Paleozoic formations” most of
which are presumed to be the metamorphosed facies of the Lower and Middle
Permian rocks. According to a recent study of IsHIZAKI (1962), the metamor-
phosed rocks developed in the environs of Ochimen [Swo 92] are divided into
the Shimoyakawa [Swo 73] and Rokucho [Swo 96] Formations based on the
grade of mylonitization and development of “gefiige”’. The former is, according
to SUYARI (1960), an unit of relatively striking ‘‘schistose rocks”, while the
latter is of weak schistosity. Although no paleontological evidences have been
available for the age determination, ISHIZAKI is of an opinion that the Shimoya-
kawa Formation is seemingly correlative with the Rokucho Formation. In the
equivalent formations of the Kurosegawa area [Swo 102] NAKAGAWA et al. (1959)
once reported the following fusulinaceans:

Schwagerina sp.
Verbeekina sp.

* There is a considerable degree of confusion concerning the nomenclature of Group
or Formation. Since Group or Formation names have been often changed by the
authors, it is rather difficult even to the Japanese geologists to understand the exact
definition of a Group or a Formation. The law of priority should be adopted to the
nomenclature of the individual Group or Formation.
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Neoschwagerina cfr. margaritae DEPRAT
Yabeina cfr. katoi (OZAWA)
Y. aff. shimensis YAMAGIWA and IsHII

b. Central zone

(1) Sakawa area

In the central zone of the Chichibu terrain special attention is given to
the Sakawa basin [Swo 82] and its environs which are one of the most important
localities in the study of geotectonics of Southwest Japan. The Sakawa basin,
most of which belongs to the central zone, is composed of the Upper Paleozoic
ranging from Pennsylvanian to Upper Permian, along with the Mesozoic rocks
including the Triassic Zohoin and Kochigatani Groups, the Jurassic Torinosu
Group, and the Cretaceous Ryoseki Group. Although KOBAYASHI and many
geologists have tried to describe the extremely complicated geological structure of
the basin, there still remains many problems to be solved. KOBAYASHI inferred
a number of Klippen to explain the complex structure, but KATTO ¢t al. (1956)
and ISHII et al. (1958) believe that they are not Klippen but are regarded as
complicated sandwich structure as seen in other parts of the Chichibu terrain.

The representative of the Akasakan in the central zone is the Takaoka
Formation [Swo 79] (SUYARI, 1961) which is exposed in several tectonic belts and
is bordered by faults in the north and south. Although this formation is consider-
ably disturbed and complicated in structure, it has a fairly prolific fossil content
and yields the following species of fusulinaceans:

Neoschwagerina craticulifera (SCHWAGER)
N. simplex OZAWA

N. margaritae DEPRAT
Cancellina tosayamensis TORIYAMA

Of these species, the first one is reported in eight of the nineteen localities
(Suzukl, 1933; KOBAYASHI, 1950; HIRATA, 1958). ISHIZAKI (1962) also studied
the Takaoka Formation and found Misellina claudiae (DEPRAT), Neoschwagerina
margaritae DEPRAT and N. sp. all of which he described in detail.

Besides the above, the Akiyoshian (Middle Pennsylvanian) species of Fusuli-
nella and Eoschubertella are known in the pebbles of the limestone conglomerate
(SUYARI, 1961), some of which were found in Inomine [Swo 78] and already
described by ToriYAMA (1945). Although SUYARI regarded the Takaoka Forma-
tion as the Akasakan, it is possible that a part of this formation may not be
younger than Permian. The Takaoka Formation is correlated with the Hisone
Group of the Katsuuragawa and Hisone areas and also with the Nomura Group
of Ehime Prefecture.

Akasakan fusulinaceans are known to occur in several localities (fossil
locality and list in KoBAYASHI, 1950) which are perhaps referable to the central
zone of the Chichibu terrain, though none of them have been described.

(2) Yokokurayama area

The central zone extends westward and is exposed extensively in the Yoko-
kurayama area, northwest of Ochi. The Permian rocks in this area are in fault
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contact with the Mori Formation, the lower division of the Silurian Yokokurayama
Group in the north and with the Ryoseki and Monobegawa Groups of Cretaceous
in the south. The Permian of this area was divided by Noba (1955) into two
formations: the upper Matsuo Formation [Swo 89] of thick chert and the lower
Kuki Formation [Swo 88] of greyish-white sandstone, black slate and chert.
Noba reported Parafusuling cfr. richthofeni (SCHWAGER) from the Kuki Forma-
tion and Neoschwagerina margaritae DEPRAT and Yabeina katoi (0ZAWA) from the
Matsuo Formation, referring the former to the P18 to Pmy and the latter to the
Pmsd subzone of the Akiyoshi limestone Group.

(3) Xurosegawa area

The Kurosegawa area [Swo 102] is a westward extension of the central zone
of the Chichibu terrain and was studied by IKEBE (1936) who divided the Upper
Paleozoic into the Kaibuki, Nomura and Itagatani Formations.

The Nomura Formation* [Swo 108] consists of sandstone and shale with
intercalation of limestone and crops out in two zones. IKEBE reported the follow-
ing species of this formation:

Nizashi, Nomura-machi [Swo 109];
Pseudofusulina granum-avenae (ROEMER)

Psf. cfr. ambigua (DEPRAT)
Wentzelella cfr. timorica (GERTH)

Shirodani [Swo 110];
Neoschwagerina simplex OZAWA
Takenouchi, Nomura-machi [Swo 1081];
Neoschwagerina craticulifera (SCHWAGER)
Verbeekina verbeeki (GEINITZ)
Mizzia velebitana (SCHUBERT)

Uonashi, Kurosegawa-mura [Swo 107};
Neoschwagering craticulifera (SCHWAGER)

The above species show that the Nomura Formation is of the Akasakan age,
though its lower part may range down to the Nabeyaman. In a recent study,
SUYARI correlated the Nomura Formation with the Takaocka Formation men-
tioned above.

The geology of the eastern part of the Kurosegawa area is very important
in any analysis of geotectonics of Southwest Japan. It was studied in detail by
IcHIKAWA ef al. (1956) from the tectonical standpoint. Although they proposed
many group or formation names for the Pennsylvanian and Permian rocks, no
paleontological information is available except from the Itadorigawa Group.

c. Southern zone

In the southern zone, the lower and middle parts of the Kokuzosan Group
[Swo 85] (about 2000 m) (SUYARI, 1961; ISHIZAKI*¥, 1962) were referred to the
Akasakan, which show extensive distribution in the southern part of this zone.

* The Nomura Formation was originally named by IKEBE (1936), but was revised by
NAKAGAWA et al. (1959) who limited the formation to the Middle Permian rocks.

** JSHIZAKI redefined the Kokuzosan Group and divided it into the lower Ozodani [Swo
93] and the upper Uwanaro [Swo 94] Formation. The former and the lower part of
the latter are referred to the Akasakan.
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It forms a synclinorium with the axis of east-west trend and the facies are not
the same in both of the wings. The equivalent formation in the Otochi area
(eastern part of Kochi Prefecture) yields the following species in the limestone
which is intercalated in the middle part of the formation: Schwagerina sp.,
Parafusuline sp., Neoschwagerina douvillei OzZAWA, N. margaritae DEPRAT,
Yabeina katoi (0ZAWA), and Y. sp. from Donooka and Nurui [Swo 57], Monobe-
mura, Kami-gun (FuUJITA, 1943). Besides the above, some Pennsylvanian species
were reported from the same formation (SUzUKI, 1931; KOBAYASHI, 1950),
although they are regarded as derived fossils in the limestone conglomerate.

The Takagawa Group [Swo 105], with the type locality in the Takagawa area,
Kurosegawa-mura, Ehime Prefecture (NAKAGAWA et al., 1959), is presumed to
be correlative with the Kokuzosan Group of Kochi Prefecture and also with the
Wakasugi Group of Tokushima Prefecture. It consists mainly of coarse sandstone
with chert and alternation of sandstone and mudstone. The Takagawa Group
is almost barren of fossils except for the occurrence of Pseudofusulina japonica
(GUMBEL) at Miyanoura (SUZUKI, 1935) which is the only available paleonto-
logical evidence. However, the remarkable similarity in lithology leads to the
correlation mentioned above.

C. Kyushu

The characteristics of the Chichibu terrain of the Outer zone of Southwest
Japan are well observable in South Kyushu which covers the southern part of Oita,
the northern part of Miyazaki, and the central part of Kumamoto Prefectures.

1. Usuki area

Bordered by the Usuki-Yatsushiro line of north and the Itogawa-Butsuzo line
of south, the Usuki area is divided into five tectonic belts, of which the Tsukumi
and Meiji belts are referred to the Akasakan. Fuju (1950) distinguished the
following faunules in the Tsukumi limestone [Swo 114] of the Tsukumi belt.

(1) Yabeina globosa faunule: Y. globosa (YABE), Y. katoi (OZAWA)

(2) Neoschwagerina margaritae faunule: N. margaritae DEPRAT (abundant), N. mino-
ensis OZAWA, N. craticulifera (SCHWAGER), Pseudodoliolina sp. Verbeckina sp.,
and Schwagerina sp.

(8) Neoschwagerina craticulifera faunule: N. craticulifera rotunda DEPRAT, Ver-
beekina sp., Schwagerina sp.

(4) Neoschwagerina iisakai or N. kobayashii faunule: N. kobayashii TOIRYAMA, N.
tisakai TORIYAMA, Cancellina neoschwagerinoides TORIYAMA

(5) Pseudofusulina faunule: Pseudofusulina vulgaris fusuformis (SCHELLWIEN), Psf.
sp., T'riticites aff. kagaharensis FUJIMOTO, Rugosofusulina sp., Pseudoschwagerina
sp., Schubertella sp.

Of the above five faunules, (1), (2) and (8) are of the Akasakan. It is noted
that a part of (2) is conglomerate and that the horizon containing faunule of (4)
covers that of (5). The former, (4), is correlated with the lower part of the
Tosayama Formation of South Shikoku.

The Meiji belt [Swo 115] comprises a remarkably abundant chert in the lower
and coarse sandstone in the upper part, being almost barren of any fossils. The
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only available information is Parafusuline sp. from Hodojima [Swo 113] and
Yabeina sp. in the limestone lenses in the upper part of this zone. FuJiI referred
the Meiji belt to the Parafusuline to Yabeina zone. Since no species have been
described, paleontological features of fusulinaceans of the Meiji belt are not
understood. Although FuJI correlated this belt with the Parafusuling to Yabeina
zone, it is not known whether it is equivalent to the whole or a part of the Aka-
sakan or whether it contains even a part of the Nabeyaman.

2. Northern part of Miyazaki Prefecture

Paleozoic rocks, mostly of Permian, are developed in several tectonic belts
of NEE-SWW trend, being sandwiched by Silurian (Gion’yama Formation) and
Mesozoic rocks. General characteristics and geological structure of these rocks
are closely related to those in the Kuma massif to the southwest where the
Paleozoic and Mesozoic stratigraphy is understood better.

The representative of the Akasakan in this area is the Yurugidake Formation
[Swo 124] which is most extensive in distribution. According to SAITO and
KaMBE (1954) and KAMBE (1957) it is composed mainly of sandstone, slate,
chert, limestone, and schalstein, with rare intercalations of conglomerate. In
the northern half of this formation is found limestone lens of between 2 to 10 m
thickness in which species of fusulinaceans and corals occur. SAITO and KAMBE
listed six fossil localities and later KAMBE added twelve more, of which three
(KAMBE’s locality 1, 2, and 3) are referable to the upper Sakamotozawan, eight
(KAMBE’s locality 4 to 11) to the Nabeyaman, and four (KAMBE’s locality 15 to
18) to the Akasakan. Among the Akasakan species Neoschwagerina craticulifera
(SCHWAGER) and N. margaritae DEPRAT are common. It should be noted that
the Akasakan species occur in the limestone lenses interbedded in an apparently
lower horizon of the Yurugidake Formation.

As pointed out by KAMBE, the extreme abundance of limestone and schalstein
in the southern peripheral part of the Yurugidake Formation suggests that a
part of this formation may be correlated to the Sambosan Group of Shikoku.

The Kagamiyama Formation [Swo 1227, developed in the northwestern part
of this area, is composed of clayslate, sandstone, conglomerate, schalstein, and
chert, and is frequently intruded by diabase and serpentine. Although this forma-
tion is barren of any fossils, KAMBE questionably referred it to the Middle Permian
because a formation of its probable northeastern extension in Toroku [Swo 119]
yields Middle Permian fusulinaceans (IISAKA, 1933; Sa1T0o and KAMBE, 1954).

3. Kuma massif

The western extremity of the Outer zone of Southwest Japan is in the Kuma
massif which is a typical area for the Paleozoic stratigraphy. As well as in other
areas of the Outer zone, the Paleozoic rocks of Kuma massif are developed in
several tectonic belts which are bordered by faults. The tectonic relation between
Paleozoic and Mesozoic groups has been studied by MATSUMOTO and KANMERA
(1952, 1964).

The Paleozoic rocks developed in each tectonic belt represent a definite rock
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facies of an eugeosynclinal type, consisting of slate, sandstone of a feldspathic
greywacke type, and chert along with subordinate limestone, and pyroclastic rock,
lava flow and conglomerate in certain parts. The following group and formations
are referred to the Akasakan by the fossil evidences (MATSUMOTO and KANMERA,
op. cit.).

(1) Ryuhozan Group [Swo 140]: It is composed of an alternation of black
phyllite and crystalline limestone. Verbeekina sp. found in an argillaceous lime-
stone exposed at south of Inokawa, Miyaji of Yatsushiro city is the only paleonto-
logical evidence for an age determination of this group.

(2) Hashirimizu Formation [Swo 141]: It occupies the Hashirimizu tec-
tonic belt, the northern half (probably the lower part) of which consists of
phyllite or phyllitic slate with frequent intervention of chert, and the southern
one of alternation of quartzite and phyllite (or siliceous phyllite) and phyllite.
In an impure limestone in the central part which occurs to the southeast of Také
the following fusulinaceans occur:

Neoschwagerina margaritae DEPRAT

N. craticulifera (SCHWAGER)
Verbeekina verbeeki (GEINITZ)
Schwagerina sp.

The Hashirimizu Formation is referred to the Neoschwagerina margaritae
zone.

(8) Yonagu Formation [Swo 143]: This shows a considerably wide dis-
tribution between the Haki and Setoishi tectonic lines. According to MATSUMOTO
and KANMERA (1952, 1964) the lower Member (about 500 m) of the formation
consists of phyllitic slate and a very fine grained calcareous sandstone, the middle
Member (400-500 m) consists of chert and slate, and the upper Member (about
200 m) consists of slate, fine-grained feldspathic sandstone, chert and green
pyroclastic rocks. The small lenticular limestone lens interbedded in the upper
part of the lower Member yields Neoschwagerina simplex OZAWA and Brevaxina
compressa (DEPRAT), and that in the upper part of the middle Member contains
Yabeina globosa (YABE), Y. katoi (OZAWA), Neoschwagerina minoensis DEPRAT,
and Verbeekina verbeeki (GEINITZ). Thus the Yonagu Formation ranges from
the Neoschwagerina simplex zone of the Nabeyaman up to the Yabeina globosa
zone of the Kuman.

(4) Yoshio Formation [Swo 149]: It is characterized by the predominance
of thick-bedded, medium-grained sandstone with intercalation of slate and chert.
A lenticular limestone lens in the upper part yields Neoschwagerina cf. craticuli-
fera haydeni DOUTKEVITCH and KHABAKOV and Schwagerina sp. The Yoshio
Formation is thus referred to the Neoschwagerina craticulifera zone.

Chapter X. The Zone of Yabeina-Lepidolina

I. Kitakami and Abukuma massifs

Since the Upper Permian of the Kitakami massif is not necessarily defined
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paleontologically with great accuracy, many problems have been still left unsolved.
The Permian stratigraphy in the standard area of Setamai [Ka 27] was gener-
alized by MINATO et al. (1954). They divided the Permian of this massif into
two Subsystems: the lower Yukisawa and the upper Toyoma, the former of which
was further divided into the lower Sakamotozawa and the upper Kanokura Series.
The Sakamotozawa Series is correlated with the Pseudoschwagerina zone plus
Parafusulina zone, while the Kanokura Series may possibly be divided into the
Ky—K; zone characterized by the Lyttonia fauna and the L,-IL, zone represented
by the Lepidolina fauna although paleontological evidence is not sufficient to give
a final decision. However, they pointed out that the four following cases are

possible in the correlation between the fusulinacean zones and their fossil beds
K, to L:

a) (KyK,) zone=zone of Neoschwagerina
(Lo—L;) zone=zone of Yabeina
b) KKy zone+(Ly-L,) zone=zone of Yabeina
¢) (K¢K,) zone=zone of Yabeina
(Lo-L)) zone=zone of Lepidolina
d) Ly=zone of Yabeina
L;=zone of Lepidolina

To avoid future confusion they temporarily defined the lower half of the
Kanokura Series, represented by the K,~K, zones, as the Katchizawa Stage and
the upper half represented by the L,~L; zone as the Iwaizaki Stage.

Such being the case and since the fusulinacean fogsils found in this area
are poorly preserved and not suitable for detailed observation, the Setamai
area is not preferable to the standard area of the Middle-Upper Permian at least
from the biostratigraphical point of view.

Within the present knowledge concerning the zone of Lepidoline in the
Setamai area, the genus Lepidolina ranges from the horizon L, the base of the
XII Group, to the horizon L; which is represented by the conglomerate in the
lower part of the XIIT Group. Based on the specimens collected by MINATO,
ToORIYAMA (1952, 1954) described Lepidolina gigantea and L.? spp. A, B, C, and
D, together with schwagerinid species and small fusulinaceans from the L,
horizon. Although MINATO’s materials are deformed and very poor in preserva-
tion, KANMERA (1953) pointed out that L.? sp. C is closely related to L. toriyamai
KANMERA and L.? sp. D to L. kumaensis KANMERA. Therefore KANMERA strongly
suggested that the Lepidolina fauna of the Kitakami massif and that of the Kuma
massif are closely related with each other and that both faunas are almost the
same in age. Moreover, the XIII Group resembles the Kuma Formation in
lithology and there is no great difference in their thickness. Since the lowest
stratigraphical limit of the Lepidolina fauna is the L, horizon, it is most probable
that the XII and XIII Groups are referable to the Kuman.

ONUKI (1956) who summarized the whole Paleozoic stratigraphy in the
Kitakami massif, divided the Kanokura Formation of the type locality (Hikoro-
ichi-Setamai area) [Ka 23-27] into the lower Katchizawa sandstone Member and
the upper Iwahara limestone Member, referring the former to the zone of
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Neoschwagerina and the latter to the zone of Yabeina* including the Lepidolina
fauna. However, it must be noted that the Iwahara limestone Member is con-
temporaneous but heteropic with the underlying member, and that the Neoschwa-
gering limestone is continuous in deposition to the Yabeina limestone, forming
the same limestone mass. The same is the case in the Iwaizaki limestone which
will be discussed below and the limestone exposed at Iwahata, Yukizawa [Ka 81]
being the examples. ONUKI (1956) regards the Neoschwagerina-Yabeina lime-
stone as abnormal deposition with bioherm condition.

The Toyoma Group [Ka 48], in which the Usuginu conglomerate is inter-
bedded, is one of the most characteristic features in the Permian stratigraphy of
the Kitakami massif. As already discussed by MINATO (1950, 1954) and many
other workers, the Usuginu conglomerate is not limited in occurrence to the
definite horizon, but ranges from the upper Nabeyaman up to the Kuman. A part
of the Usuginu conglomerate [Ka 87] is contemporaneous but heteropic with the
Kanokura Formation (Akasakan) and it is not improbable that the lowest part
is still lower in stratigraphical position. Several species of neoschwagerinids
including Yabeina hayasakai OZAWA, Neoschwagerina douvillei OZAWA and Ver-
beekina verbeeki (GEINITZ) and species of corals including Waagenophyllum
indicum (WAAGEN and WENTZEL) have been found in the matrices of conglomerate
and conglomeratic limestone.

A. Southern part of Kitakami massif

1. Iwaizaki area

Iwaizaki limestone [Ka 427, located about 8 km south of Kesennuma city, has
been studied by MABUCHI (1935), INAI (1939), HANZAWA (1954), and MORIKAWA
et al. (1958) (Refer also p.141). HANZAWA’s second zone, Yabeina zone
(=MABUCHI's Y. hayasakai zone) comprises Yabeina sp., Verbeekina sphaera
0zAwA, Parafusuline spp., and coral species including Wentzelella iwaisakiensis
YABE and MINATO, W. kitakamiensis YABE and MINATO, Waagenophyllum indicum
(WAAGEN and WENTZEL). The last named species is known from the lower and
middle parts of the Kuma Formation, and W. kitakamiensis** is known from the
lower part of the XII Group (about 100 m above the L, horizon) of the type
locality. According to MoRIKAWA et al. (Iwaizaki Research Group, 1958) *** and
MORIKAWA (1960), their e—g horizons are characterized by Yabeina shiraiwensis
0zAawA, Verbeekina sp., and several species of Pseudofusulina without any species
of Neoschwagerina. Thus it is almost safe to correlate the upper part of the
Iwaizaki limestone with the Kuma Formation. ISHIZAKI (1964) described 22

* ONUKI divided the Permian into four fusulinacean zones in ascending order: zones
of Pseudoschwagerina, Parafusulina, Neoschwagerina, and Yabeina. Hence his zone
of Yabeina denotes that used in the broad sense.

** According to MINATO the lower limit of this species ranges down to the zone of
Pseudoschwagerina.

*#* The results of the joint authors and those of MORIKAWA do not coincide with each
other in specific association and the range of each species, although they dealt with
exactly the same limestone and fauna.
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species of ostracods from the g horizon six of which were previously known in the
stratigraphically lower horizons of North America and South China.

ONUKI (1956) pointed out that there is a possibility that the HANZAWA’s
uppermost zone, Richthofenia zone, may be representative of different facies of
the lower part of the Yabeina zone and the Neoschwagerina—Waagenophyllum
zone.

Besides those mentioned above, species of Yabeina, Neoschwagerina and
Parafusuling have been reported from several localities in the Toyoma Formation.
For example, Yabeina hayasakai OZAWA, Neoschwagerina douvillet OZAWA, Ver-
beekina verbeeki (GEINITZ), and other fusulinaceans are known to occur in the
Toyoma Group extensively developed in the southwestern and southern parts of
Nagasaka area [Ka 34]. However, the fusulinaceans mostly have not been
described and their faunal characteristics are not exactly known.

2. Maiya area

The Yamazaki conglomerate Formation [Ka 45], named by MABUCHI, cor-
relates with the Usuginu conglomerate in the standard area. As clarified by
ONUKI et al. (1960) and CHISAKA (1962), the conglomerate of this formation
displays a rather remarkable change in development vertically and laterally,
interfingering with or merging into slate of the Toyoma Group. In the
conglomeratic or bedded limestone found in several horizons of this formation
the following fusulinaceans have been reported with corals by ONUKI ef al.
(1960) :  Codonofusiella cuniculata. KANMERA, C. paradoxrica DUNBAR and
SKINNER, Parafusulina wanneri (SCHUBERT), Pseudodoliolina ozawai YABE and
HANzZAWA, P. pseudolepida (DEPRAT), Yabeina katoi (OzAwA), Y. hayasakai
0zAwa, and Y. shiraiwensis OZAWA.

CHISAKA (1962) also described eight species from the same formation, but
strangely only two species are in common with those listed by ONUKI ef al. Since
most of CHISAKA’s specimens are badly preserved and not well illustrated, one
cannot be free from doubt as to the specific identification. Nevertheless, it is
almost certain that the Yamazaki conglomerate Formation is correlated at least
to the lower part of the Kuman.

B. Northern part of Kitakami massif

In the northern part of the Kitakami massif, HANZAWA (1954) reported
Yabeina sp. and Parafusuling sp. from east of Ohazama-machi [Ka 6]. MORIAT
(1957) also reported species of Neoschwagerina and Yabeina from the Daido
Formation [Ka 17] and the underlying Kasshi Formation [Ka 15’] which are
partly contemporaneous but heteropic with each other. No species of Lepidolina
have been found in this area, however. It is not known for certain whether the
Daido and Kasshi Formations are referable to the Kuman.

C. Choshi peninsula

It is well known that the Permian and Cretaceous rocks are developed in the
Choshi peninsula [Ka 59], forming the basement of the overlying Cenozoic for-
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mation. YAMANE (1924) first reported Neofusulinelly giraudi DEPRAT from a
limestone exposed near the southern tip of the peninsula. Later HANZAWA (1950)
described Sphaerulina crassispira (LEE) from a green chert near Kurohae, east
coast of the peninsula. This was the first discovery of the genus Sphaerulina
in this country.

Near the middle of the peninsula, about 2 km south of Choshi city, a limestone
conglomerate called the Takagami conglomerate [Ka 60] is developed in which
pebbles of sandstone, shale, chert, limestone and less commonly of granitic and
metamorphic rocks are found. Having studied the fusulinaceans found in the
limestone pebbles, CHISAKA (1960) described fourteen species* including one each
of the species Reichelina, Rauserella, Paraboultonia, Chusenella, Pseudodoliolina,
and Neoschwagerina, three species of Pseudofusulina, and five species of Yabeina.
Because all of the species have been found in the pebbles of conglomerate the
stratigraphical age of the conglomerate is not exactly known. In faect, it was
first referred to the basal conglomerate of the Cretaceous rocks, and KaNo (1958),
from the petrographical point of view, pointed out that the granitic and meta-
morphic pebbles of the Takagami conglomerate bear a close similarity to those
of the Usuginu conglomerate (Akasakan and Kuman) and the Ojima conglomerate
(early Triassic) in the southern part of the Kitakami massif. While OzAKI
(1959) has regarded the Takagami conglomerate as contemporaneous conglome-
rate formed during the deposition. SAKAGAMI (1965), who described three
species of bryozoans, considered that all the limestone pebbles of conglomerate
are of exotic origin, and he correlated the Takagami conglomerate with the

Toyoma Group. In short, we know only that the Takagami conglomerate is not
older than the early Kuman age.

II. Inner zone of Northeast Japan

The Middle and Upper Permian occurs sporadically in the Inner zomne of
Northeast Japan, most of which, as mentioned in the preceding chapter, are the
Akasakan, and the Kuman formations have been known only in the Komagatake
area.

Komagatake area is the boundary area between Gumma, Fukushima and
Niigata Prefectures and has two main distributions of the Upper Paleozoic, one
of which occurs in Keizuruyama and its environs, northwest of Ozegahara in
Gumma Prefecture. The Keizuruyama area [Nei 8] was surveyed by KOBAYASHI
(in FuJsimoro and KoBayasHI, 1962) who found the following fossils in the
limestones intercalated in shale or in the alternation of shale and sandstone
(Zensakuzawa valley) [Nei9]:

Yabeina multiseptata DEPRAT
Lepidolina keizuruensis n. sp. (MS)
L. sp. n. sp. (MS)
Schwagering incisa (SCHELLWIEN)
Texutularia sp.

Cribrogenering sp.

* Prior to CHISAKA, OZAKI (1959) reported twenty-two species from thg same conglo-
merate. However, there is no common species between  those dgtermmed by OzAx1
and those described by CHISAKA, excepting three species of Yabeina.
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Thus the Permian of Keizuruyama area is certainly referable to the Kuman
age, though future study of the stratigraphy of the area is necessary.

III. Kwanto massif

The uppermost fusulinacean zone in the Kwanto massif is the V zone of
Yabeina globosa set up by FuJimoro (1936) who listed Y. globosa (YABE),
Y. katoi (OzAWA), Y. shiraiwensis OZAWA, and Neoschwagerina minoensis OZAWA
as the characteristic species of this zone. However, judging from the faunal
assemblage at Katsuboyama [Kw 43] and Shomarutoge [Kw 81] from which
Y. shiraiwensis was collected, limestones in these localities seem to be limestone
conglomerate in which many species that came from the lower zones are associated.

MORIKAWA (1955) proposed the zone of Yabeina (Kamikuzu stage) as the
uppermost fusulinacean zone in the Kwanto massif. He listed Y. globosa (YABE),
Y. shiraiwensis OZAWA, Neoschwagerina margaritae DEPRAT, and Codonofusiella
sp. as the constituent species of this zone (MORIKAWA’s locality 17 and 29).
Although the limestone of his locality 17* [Yoshinobe (1)] is correlated with
the Kamikuzu conglomerate [Kw 33], Neoschwagerina margaritae DEPRAT is
found in the pebbles of this conglomerate and not in matrices. It is not certain
whether the limestone of loc. 17 is limestone conglomerate or not; nor is it
understood whether the Kamikuzu conglomerate and its equivalent formations
are of the Akasakan or of the Kuman age.

The Kamiyoshida Group, the uppermost division of the Chichibu System
in the type locality, has long been regarded as being barren of fossils, although
thin limestone beds are intercalated in this group. MORIKAWA (1956) described
six species of Upper Permian aspect from the black limestone boulders in the
Onagata area [Kw 20] which are presumed to have been derived from the
Kamiyoshida Group. The fusulinaceans described by MORIKAWA comprise one
each of the species of the following: Reichelina, Dunbarula, Rauserella, and two
species of Yabeina. Although MORIKAWA established a new species of Yabeina,
Y. akiyamasi, his illustrated specimens are more or less deformed, cut excentrically,
and far from the completeness necessary for establishing a new species.

In several localities of the Kwanto massif, limestone conglomerate-bearing
formations are known to occur.

1. Okuchichibu area

IsHll and TAKAHASHI (1960) described several species of various ages
obtained from the pebbles of limestone conglomerate intercalated in the Ogamata
Formation [Kw 22A7 of about 2000 m thickness. The Ogamata Formation had
long been referred to the Upper Jurassic Otaki Formation which is extensively
developed in the southern part of this area.

The limestone conglomerate found in the Ogamata Formation contains two

* Although MORIKAWA stated that the Kamikuzu conglomerate is also found at Yoshi-

nobe (his locality 18), Loc. 18 in his map is not in Yoshinobe, but in Sakaishi, Agano-
gun.
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kinds of limestone pebbles. One is white to pale grey in color and the other is
black and weathers to brown. In the former, fusulinaceans of Carboniferous to
Permian occur, while in the latter only Upper Permian fusulinaceans are found.
The fauna described by the joint authors comprises species of Ozawainella,
Reichelina, Rauserella, Schubertella, Dunbarula, Codonofusiella, Paradoxiella,
Fusulinella, Fusulina, Schwagerina, Pseudofusulina, Verbeekina, Misellina,
Pseudodoliolina, Cancellina, Neoschwagerina, and Yabeina. Among this fauna,
as pointed out by the authors, the first occurrence of Paradozielle in Japan is
noteworthy. Paradoxiella japonica ISHIT and TAKAHASHI closely resembles
P. pratti SKINNER and WILDE from the Upper Permian Beil Canyon Formation
of West Texas.

IsHII and TAKAHASHI are of an opinion that the Ogamata conglomerate is
nearly equivalent in age to the Hinode Formation discussed below, and is slightly
older than the Kuma Formation of South Kyushu.

2. Itsukaichi and Ome area

The Paleozoic and Mesozoic terrain of NW-SE trend, which is widely dis-
tributed to the north of Itsukaichi, was divided by FuJimoTo (1932, 1936) into
many Paleozoic (mostly Permian) and Mesozoic (Triassic to Upper Jurassic)
zones, bordered by faults with one another.

YamapA (in Fusimoro, 1951) found Upper Permian limestone conglomerate
and breccia in the several hundred meters thick formation which overlies the
zone of Yabeina in Hosoo [Kw 43’] and east of Kan’yo [Kw 42] in Omé city,
southeastern corner of FuJiMoT0’s Katsuboyama zone. This thick formation
was later named the Hinode Formation by SAKAGAMI (1958) who discriminated
two kinds of conglomerate. One is the Tamanouchi conglomerate [Kw 41] with
matrix of dark grey arenaceous limestone containing abundant fusulinaceans, and
the other is the Nishinoiri conglomerate [Kw 42’] with matrix of black to dark
green sandstone, containing fusulinaceans in pebbles but not in the matrix.

Accordng to SAKAGAMI (1956, 1958), verbeekinids and neoschwagerinids are
found only in the matrix of the Tamanouchi conglomerate, whereas species of
minute fusulinellids, fusulinids, and schwagerinids are found in pebbles of both
kinds of conglomerates. It should be noted that in spite of the lithological
difference in matrix several species are common to the Tamanouchi and Nishinoiri
conglomerates. SAKAGAMI presumed that most of the fusulinaceans found in the
matrix of the Tamanouchi conglomerate are secondary in origin, because they
are considerably eroded out. Furthermore, based on the fact that the Hinode
Formation is overlying the Katsuboyama Formation (Sakamotozawan to Aka-
sakan), he correlated the Hinode Formation with the Kuma Formation although
there are rather striking lithological and paleontological difference between them.
More than thirty species obtained from the Tamanouchi and Nishinoiri conglome-
rates have been described by SAKAGAMI in his two papers (1956, 1958).

1V. Hida massif and Tamba zone

In the extensive area of the Hida massif and Tamba zone there are no
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formations* referable to the Kuman with certainly except the upper part of the
Kono Formation and the Kasuga and Anegawa Formations of Ibuki area.

The Kono Formation [Ht 37] (400 m) is the upper division of the Nyukawa
Group defined by Ico (1960, 1964) who reported the occurrence of Codonofusiella
sp., Rauserelle sp., Reicheling sp., Dunbarule sp., and Yabeino kanmerai 160 in
the pale-grey partly silified limestone cropping out in the upper course of Tochi-
yvamadani valley in the Gombo area. The faunal assemblage as a whole is typical
of the Kuman fauna in Southwest Japan, although most of the fusulinaceans
mentioned above have not been specifically determined with the exception of
Yabeina kanmerai which is, according to 1Go, most closely allied to Y. columbiana
(DAWSON). The latter is also one of the typical representative of the Kuman
fusulinacean fauna. There is no doubt that the upper part of the Kono Formation
should be correlated with the Kuman.

The Kasuga Formation [Ht64] and the Anegawa Formation [Ht 94’]
developed around Ibukiyama have no concrete evidence for dating, but IsoMI
(1955, 1956) pointed out that there is a possibility of referring both of them to
the Kuman from the stratigraphiecal point of view.

V. Maizuru zone

The Paleozoic and Mesozoic terrain mainly developed in the northern part of
the Kinki province and the eastern part of the Chugoku province with NEE-SWW
trend is the Maizuru zone named by MATSUSHITA (1950, 1951). It occupies an
area from the northwestern part of Kyoto Prefecture through the central part
of Hyogo Prefecture to the northeastern part of Okayama Prefecture, with about
10 to 30 km width and about 130 km prolongation. The Maizuru zone is very
complex in geologic structure, consisting of Permian and Triassic rocks and the
Yakuno intrusive rocks.

To the northwest of this zone, dioritic rocks and Cenozoic deposits are seen
in Kyoto Prefecture but further to the northwest semi-schist and Paleozoic rocks
rich in limestone appear, whereas to the south the Paleozoic formations of the
Maizuru zone stand out in striking contrast to those of both sides and are
important to the study of the geologic history in the Permian and Triassic times.

The Permian rocks developed in the Maizuru zone were named the Maijzuru
Group by NAKAZAWA and OKADA (1949). It consists of shale, sandstone and
conglomerate with rare intercalations of small limestone lenses. The thickness
of this group measures more than 1000 m.

The relationship between the sedimentary facies and the faunules of the
Maizuru Group has been well documentated by recent studies of SHIMIZU et al.
(1962) and SuiMIZU (1962, 1963). They have also dealt with the sedimentary
environment, paleogeography and tectonics of this zone (1962). They consider

* Since Fusulinella spp. and Yabeina sp. were found in the pebbles of conglomerate
of the Motodo Formation [Ht 79] it was regarded by FuJimoro et al. (1962) as the Up-
per Permian, but OSHIMA (1965; see p. 125) clarified that the Motodo Formation overlies
unconformably the Jurassic Tetori Group and is lithologically referable to the Kwanmon
Group of Cretaceous.
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the Maizuru Group to be divided into four (or five) lithologic facies—schalstein
facies, slate with limestone facies [=graded facies and slaty facies of SHIMIZU
(1962) ], sandstone-shale-conglomerate facies, and deltaic Gujo facies. And the
fossils of the Maizuru Group are classified into five faunules—the Lepidolina
toriyamai and the Paleofusulina—Reichelina faunule of fusulinaceans and the
Takauchi-, the Kawahigashi- and the Gujo-faunule of brachiopod-molluscan as-
semblage. Of these, the lower schalstein facies is barren of fossils. The middle,
slate with limestone facies, contains the Paleofusulina-Reichelina and the Taka-
uchi faunule. The upper, sandstone-shale-conglomerate facies, has the Lepidolina
toriyamas and the Kawahigashi faunule. The uppermost Gujo facies contains
the Gujo faunule without fusulinaceans.

Isom1 (1965) who studied sole marks observed in the sandstone-shale-
conglomerate facies came to a conclusion that the sole marks represent the “axial
current”, and his interpretation is in agreement with the paleogeographical
analysis of SHIMIZU et al.

1. Wakasa and Maizuru areas

The Wakasa area occupies the northeastern margin of the Maizuru zone.
The Takarao Formation [Swi 1] named by HIROKAWA, IsoMI and KURODA (1957)
is presumed to be a correlative with the Maizuru Group based on the lithology
and structural pattern although it is barren of fossils.

The southwestern extension of the Takarao Formation is seen in the Maizuru
area where the mudstone is the main constituent of the formation and is combined
with the Yakuno intrusive rocks, both of which show interfingering at places.
Ici, KuropA and HATTORI (1961) proposed the name Ichinose Group for this
combination of rocks.

In the type area of the Maizuru [Swi 2], the Maizuru Group is widely
developed with a general trend of NE-SW and a width of few kilometers.
Lithologically the Maizuru Group is divided into three unnamed formatons
(SHIMIZU et al., 1962). The lower formaton (700 m+) consists of the schalstein
facies—the alternation of slate, schalstein, and green and black phyllite in which
no fossils have been found. The middle formation (550 m) is of the slate with
limestone facies, with thin fine conglomerate. The fossils found in this formation
are Waagenophyllum ? sp., Fenestella and Batostomella at Shinjo, and Bellorophon,
Nuculites, and indeterminable species of brachiopod and bryozoan at Matsuodera,
east of Maizuru. The upper formation (800 m+) consists of the sandstone-shale-
conglomerate facies which is presumed to be a sedimentary product formed in
the axial part of the sinking basin. The matrices of conglomerate contain the
Lepidolina toriyamai faunule which is very characteristic in assemblage and
composed of the following species:

Lepidolina toriyamai KANMERA

L. toriyamai maizuruensis NOGAMI
L. kumaensis KANMERA

Yabeina shiraiwensis OZAWA
Neoschwagerina cfr. margaritae DEPRAT
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“Pseudodoliolina’ gravitesta KANMERA
Parafusulina? sp.

Schwagerina pseudocrassa KANMERA
Codonofusiella cuniculata KANMERA
Rauserella sp.

Nankinella sp.

2. Shidaka area

The Permian of this area [Swi 2] was studied by KAMBE (1950) and KURODA
(1960). The Lepidolina toriyamat faunule is found in the upper formation of
Kuroda which consists of alternation of sandstone and shale along with fine
conglomerate and overlies conformably the lower formation of the schalstein
facies (the Shimomitani Formation of KURODA).

3. Kawahigashi area

NAKAZAWA, SHIKI and SHIMIZU (1958) stated that the brachiopod and
fusulinacean faunas are found in sandstone or conglomeratic sandstone of the
Maizuru Group developed in Oé-machi [Swi7] and Komori-machi [Swi5] of
Kasa-gun. Since these two faunas do not occur in the same rock, the exact
relationship is not understood. The following species have been reported by
them from Katsuradani [Swi 6’], west of Okuyama, Kawahigashi-mura:

*Lepidolina kumaensis KANMERA

L. sp.

*Yabeina cfr. columbiana (DAWSON)

*Y. yasubaensis TORIYAMA

*Y. gubleri KANMERA

Y. cfr. minutea THOMPSON and WHEELER
Pseudodoliolina cfr. pseudolepida gravitesta KANMERA
P. sp.

Schwagerina aff. acris THOMPSON

S. sp.

Parafusulina sp.
*Codonofusiella cfr. cuniculata KANMERA
(Species with * are described by NoGAMI)

In this fossil assemblage, the percentage of number of individuals is more
than 70 percent in the Yabeina group and 6 percent in the Lepidoling group.

4, Kawanishi area

In this area the Maizuru Group is almost the same in lithology as in the
Kawahigashi area stated above, and the same Lepidolina—Yabeina faunule occurs
in the matrices of calcareous fine conglomerate or fine conglomeratic sandstone.
The Gujo Formation [Swi 8], which was once regarded as being of the Triassic
age, is also nearly the same in lithology as the Maizuru Group, and yields
Costatoria kobayashii (KAMBE) and other pelecypods but none of fusulinacean
and brachiopod.

5. Yakuno area

The representative of the Maizuru Group in this area is the Nukada For-
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mation [Swi 10] which is composed mainly of black silt to mudstone with dark
grey sandstones, fusulinacean-bearing calcareous fine conglomerates and lime-
stones. NAKAzZAWA, SHIKI and SHIMIZU (1957) reported the following species
from fine conglomeratic sandstone:

Yabeina yasubaensis TORIYAMA

Y. cfr. gubleri KANMERA

Y. sp.

Lepidolina toriyamai KANMERA

Pseudodoliolina pseudolepida gravitesta KANMERA
Schwagerina aff. acris THOMPSON

In the limestone, whose horizon is regarded as being equivalent to that which
yields the above listed species, brachiopod fauna including Lyttonia mnobilis
WAAGEN has been found. It is worthy to note that this brachiopod fauna bears
a close resemblance to the brachiopod fauna from the lower part of the Kanokura
Formation in the Kitakami massif and has been referred by many workers to the
zone of Neoschwagerina (Akasakan). The joint authors assert that the horizon
in which the Lepidolina—Yabeina faunule is found is at least partly contem-
poraneous with the horizon in which the brachiopod fauna is obtained, because
there is no great difference in stratigraphical position between both of the

horizons.

6. Miharaiyama area

The southwestern prolongation of the Maizuru zone appears in the vicinity
of Miharaiyama [Swi 14], Minamitani-mura, Yabu-gun, central part of Hyogo
Prefecture. It was called the Minamitani Group [Swi 16] (NAKAZAWA and SHIKI,
1954), but later referred by SHIMIZU et al. (1962) to the Maizuru Group because
of the similarity in the lithology and faunal contents. According to SHIMIZU et al.,
there are two kinds of the faunal association in the fossil contents of this area:
one is comprised of Lepidoline sp. and Codonofusiella cuniculata and referable
to the Lepidolina toriyamai faunule, and the other of Paleofusulina cfr. sinensis
which is comparable to that of the Mikata area mentioned below. It is noted
that the Maizuru Group of this area is unconformably overlain by the Miharai-
yama Group of the Early Triassic age.

7. Mikata area

The Maizuru Group developed in this area [Swi22] was once called the
“Akenobe Formation” (HIROKAWA et al., 1954) in which the Kamikishida Forma-
tion of the Lower-Middle Triassic was also included. According to recent
study of SHIMIZU (NAKAZAWA in IKEBE et al., 1961; SHIMIZU, 1962), the Maizuru
Group of this area forms a synclinal structure having the Kamikishida Formation
as its axial zone. The lithofacies is somewhat different between the northern
and southern wings of the syncline. SHIMIZU divided the Maizuru Group of this
area into the Yokoyama [Swi 21], Mikata [Swi22] and Iuchi [Swi20] Forma-
tions in descending order. In addition, the Kuratoko Formaton was proposed to
be probably equivalent partly to the Yokoyama and partly to the Mikata Forma-
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tion, although its stratigraphical age is not exactly known because of being
barren of fossils.

The lower Iuchi Formation (850-500 m) is of the schalstein facies consisting
mainly of meta-diabase and schalstein with black slate. Since no fossils have been
found in this formation, the age of the formation is not exactly known, though
SHIMIZU correlated it with the Akasakan based on the stratigraphical relation. The
middle Mikata Formation (500 m+) is a representative of the slate with limestone
facies in which Paleofusulina cfr. sinensis, Codonofusiella sp. and Rauserella?
sp. are found along with Spiriferina aff. cristata, Hustedia ? sp., Aviculopecten sp.,
etc. The Mikata Formation is dated by SHIMIZU (1961) from the upper Akasakan
to the lower Kuman.

The upper Yokoyama Formation (500 m-+), which overlies the middle
Mikata Formation partly conformably and partly with a fault relation, is of the
sandstone-shale-conglomerate facies of SHIMIZU et al. (1962). The Lepidolina
toriyamai faunule is found in the muddy matrices of conglomerate.

In the Maizuru Group of the Mikata area one fact must not be neglected;
namely, that the Paleofusulina-Reichelina faunule occurs in stratigraphically
lower horizon than the Lepidolina toriyamai faunule.

8. Fukumoto area

The Kosé Group [Swi 27], named by NAKAZAWA (1954), is a representative
of the Maizuru Group in the Fukumoto area which is located 30 km NNE of
Okayama city. It consists mainly of black shale or sandy shale, with rare inter-
calations of lenticular limestone conglomerate. According to NAKAZAWA, SHIKI
and SHIMIZU (1954), Codonofusiella sp. is found in the pebbles of limestone
conglomerate and indeterminable species of Yabeina, Nankinella and Schwagerina,
together with stems of crinoid and bryozoans in the coarse sandstone. The
lithological and paleontological characteristics indicate that the Kosé Group is
probably referable to the Kuman. According to the joint authors the Kosé Group
is in fault contact with the Fukumoto Group of Early and Middle Triassic,
although they are presumed to have been conformable with each other originally.

However, MITSUNO and OMORI (1963) are of a different opinion in the
stratigraphical correlation of the Kosé Group. Having found Waagenophyllum
indicum (WAAGEN and WENTZEL) (?) in the limestone lens intercalated in the slate
at Shimoyama, Aida-machi, they regarded the Kosé Group as Middle Permian, it
being stratigraphically lower than the Dodo Group of the typical Kuman and
higher than the Yanahara Group. The last named group is, as are the upper two,
composed mainly of thick clayslate but is characterized by acid pyroclastic rocks
in which the ore bodies of the Yanahara mine were formed. The stratigraphical
relationship among the three groups mentioned above is not known due to their
being in fault contact with one another.

9. Dodo area

The Dodo Group [Swi 29] is developed in the northwestern part of Yanahara-
machi, Okayama Prefecture near the westernmost margin of the Maizuru zone.
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According to MITSUNO and OMORI (1963) it consists of alternations of sandstone
and slate with intercalations of limestones and conglomerate beds. The con-
glomerate is comprised of pebbles of various kinds of igneous rocks together with
limestone pebbles. The following species were described by KoNISHI (1952) :

In matrix: Schwagerina pseudochihsiaensis (CHEN)
S. sp.
Yabeina sp.

In pebbles: Staffella or Nankinella sp.
Schwagerina pseudochihsiaensis (CHEN)
Neoschwagerina craticulifera (SCHWAGER)

N. minoensis OZAWA
Sumatrine cfr. annae VOLZ
S. longissima DEPRAT

Yabeina sp.

KANMERA (1953, 1954) restudied the above fusulinaceans, resulting in two
species of Sumatrina and Yabeina sp. being referred to the genus Lepidolina,
probably to L. toriyamai KANMERA. Accordingly the Dodo Group is referred to
the Kuman without doubt.

10. Mitsu area

The Mitsu area [Swi 80’] is located to the north of Okayama city and is the
southewstern extension of the Maizuru zone. The Maizuru Group of this area,
according to NAKAZAWA and SHIMIZU (1962), has two distributions, one occurs
in the west of Kanagawa and the other in the east of Nonokuchi. The former
is of the alternation of shale-sandstone-conglomerate facies in which SHIMIZU
(1963) found the Lepidolina toriyamai faunule. The brachiopod faunule including
Wellerella saxatilis (REED), W. nucula (SCHELLWIEN), Dielasma nummulus
WAAGEN, D. cfr. biplex WAAGEN, Athyris subtriangularis (REED), etc., has also
been described by SHIMIZU (1963). NAKAZAWA and SHIMIZU (1962) and SHIMIZU
(1968) are of the opinion that this assemblage is not similar to Japanese fauna
but is referable either to the brachiopod fauna of the Loping Series of South
China or to the Middle Productus limestone of Salt Range. Thus they dated this
part of the Maizuru Group to the Middle Permian.

11. Fuchu area (Eastern part of Hiroshima Prefecture)

The so-called San’yo branch of the Sangun metamorphic zone extends to the
eastern part of Hiroshima Prefecture where the weakly metamorphosed Paleozoic
rocks appear. The stratigraphy of this Paleozoic has recently been clarified by
HASE (1963) who divided the weakly metamorphosed Paleozoic into three Sub-
groups: A (700m), B (2500-3000 m) and C (1500-2000 m) in ascending order.
Although no fossil evidences have been obtained in A and B Subgroups, the
following fusulinaceans have been found in the conglomerate of the C-3 member
of C Subgroup:

From Kotohara [Swi 63]:

Neoschwagerina cfr. toriyamai SADA
Yabeina shiraiwensis OZAWA
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Y. cfr. yasubaensis TORIYAMA
Y. cfr. shimensis YAMAGIWA and ISHII

From Yakawa [Swi 64]:
Yabeina shiraiwensis OZAWA
Y. cfr. gubleri KANMERA
Y. (Lepidolina?) sp.
Sumatrina annae VOLZ

Since the above fossil assemblage is most closely allied to the Lepidolina
imamurat — Yabeina shiraiwensis assemblage of the Terauchi Formation, the C
Subgroup of the weakly metamorphosed Paleozoic of Fuchu area is probably
correlative with the main part of the Maizuru Group, ranging up to the Kuman.

It is noted that the Pennsylvanian (partly Middle Permian) limestone crops

out mearly parallel to the C Subgroup, but both are in tectonic relationship
(HASE, op. cit.).

12. Lyttonia fanua in Karita

Worthy of note is that the Lyttonia fauna was found by IMAMURA (1953)
from Karita [Swi 69], about 30 km NNE of Hiroshima city. The Lyttonia fauna
was found in the Karita Formation (41000 m) which consists of sandstone, black
shale, and their alternation, with intercalations of thin conglomerate in several
horizons and a few limestone lenses in the lower part. The fauna identified by
IMAMURA contains L. richthofeni (KAYSER) HAYASAKA and various forms of
brachiopods, pelecypods, gastropods, and crinoids. The first mentioned species,
which is only illustrated by IMAMURA, is a well known species in the Middle
Permian of Japan, and its bearing on the paleogeographical consideration must
not be neglected. According to SHIMIZU et al. (1962), the Lepidolina toriyamasi
faunule is found in the Karita Formation which bears the same lithological
characteristics as that of the Maizuru Group. Hence they regard the Karita
Formation as the westward extension of the Maizuru zone. HASE (1964) also
reported Lepidolina toriyamai KANMERA, Yabeina cfr. shiraiwensis QZAWA,
Codonofusiella sp., and Pseudodoliolina sp. from the characteristic conglomerate
which is probably stratigraphically higher than the Lyttonia-bearing horizon
mentoned above.

VI. Chugoku massif

In the central part of the Chugoku massif—western part of Okayama Pre-
fecture and eastern part of Hiroshima Prefecture—Permian rocks are known
in several places. During the last decade our knowledge of the stratigraphical
aspect has greatly increased, but many problems remain to be solved on the
paleontological side.

1. Atetsu plateau

As already stated in the preceding chapter, the Terauchi Formation [Swi 37],
which conformably overlies the Neoschwagerina douvillei zone of the Maki
Formation, is divided into two parts. The lower part consists of black shale
and fine sandstone and the upper part consists mainly of coarse sandstone. In the
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former, lenticular limestone conglomerates are intercalated in four horizons.

The Terauchi Formation is comprised of two fusulinacean zones in the
lower part. The lower and upper zones were assigned by SADA (1960, 1961, 1965)
the Yabeina shiraiwensis [H; horizon] and the Lepidoline imamurai [H, and Hy
horizons] zone, respectively, and by NocaMI (1961) the Y. shiraiwensis — Y. sp.
A (350 m) and the Y. shiraiwensis (100 m) subzone, respectively. According to
SADA, many species of neoschwagerinids are common to both zones: Neoschwa-
gerina craticulifera (SCHWAGER), N. douvillei OZAWA, N. megasphaerica DEPRAT,
N. minoensis OZAWA, N. margaeritae DEPRAT, Yabeina katoi (0zawa), Y. globosa
(YABE), Y. shiraiwensis OZAWA, Y. columbiana (DAWSON), Sumatrina annae
VoLz, and S. longissima DEPRAT, and only Codonofusiella sp., Yabeina yasubaensis
TORIYAMA* and Lepidoling imamurai SADA are confined to the L. imamurai zone.
In the upper subzone of Nogami, Yabeina shiraiwensis is almost exclusively
found, and Neochwagerina and Sumatrina rarely, if ever, occur.

Although it is clear that the upper zone of SADA or the upper subzone of
NocGaMI is stratigraphically higher than the lower zone or subzone, the two zones
or subzones are rather close to each other, if not of the same, in stratigraphical
age. [Actually the vertical distance between SADA’s H; and H, horizons is less
than 100 m in field.] It is noted however that Yebeina shiraiwensis and its allied
species occur together with Y. globosa in SADA’s Lepidolina imamurai zone. SADA,
therefore, insisted that the faunal assemblage of the Lepidolina imamurai zone
is a new type assemblage. If SADA’s specific identification is correct, the mixed
fauna of Y. globosa and Y. shiraiwensis is very important to the discussion of
the stratigraphical position of the Upper Permian fusulinacean zones. It will
be a clue in the controversy concerning the Y. globosa zone and the Y. shiraiwensis
zone: is one higher than the other, or are they contemporaneous in stratigraphical
position but heteropic in biofacies? SADA is of the opinion that the Lepidolina
imamurai fauna of the Terauchi Formation is correlated with the Yabeina-
Lepidolina fauna of the Kuma Formation and its equivalents despite its coexist-
ence with many species of Neoschwagerina and Yabeina which are also charac-
teristic to the lower fusulinacean zones.

2. Oga plateau

The Uji Group [Swi44] (about 1400 m) in the southern part of the Oga
plateau is mostly referable to the Kuman. It consists mainly of calcareous shale
with thin beds of schalstein and chert. According to IMAMURA (1959), limestone
conglomerate is found in seven horizons, the lower four of which contain an
abundance of fusulinaceans. Yabeina faunule including Y. shiraiwensis OZAWA,
Y. yasubaensis TORIYAMA and Y. spp. is found in matrices of limestone con-
glomerate, while many species of various ages ranging from the zone of Millerella
to that of Neoschwagerina-Verbeekina occur in pebbles of conglomerate. Thus,
IMAMURA (1959) is of an opinion that the limestone mass ranging from the
Millerella to the Neoschwagerina-Verbeekina zone might have been above sea

* NOGAMI regards Y. yasubaensis as the junior synonym of Y. shiraiwensis (ISHII and
Nocami, 1962).
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level as a source area during the deposition of the Uji Formation. Although
the Uji Formation yields no species of Lepidolina, it may perhaps be referable
to the Kuman (IMAMURA, 1959).

YosHIMURA (1961) restudied the Uji Formation developed in the Oga, Fukiya
[Swi43] and Hane [Swi 45] areas, and set up three fusulinacean subzones, the
Yabeina-Lepidolina, the Y. shiraiwensis, and the Y. aff. cascadensis subzone in
descending order. The last subzone is, however, correlated with the Neoschwa-
gerina douvillei subzone (Hy horizon) of the Yukawa Group. YOSHIMURA regards
the Uji Formation and its equivalent formations in these areas as deposits
formed under annaerotic condition and all the faunas in the limestone conglome-
rates as the derived fossils in the strict sense.

3. Taishaku plateau

HANZAWA (1941) was the first to find the zone of Yabeina in this plateau.
He stated as follows: “The Yabeina-limestones are almost always brecciated in
texture, even though they sometimes appear compact and homogeneous, and
contain remains of Yabeina, Sumatrina and Parafusulina, besides Trticites and
Fusulinella in fragmental state and limestone block with the formainifera of the
last named two genera. This fact suggests that Triticites and Fusulinella in the
limestone breccias are not primary in origin but secondary, obviously reworked
from the older rocks when the Perman limestones with Yabeina, Sumatrina
and Parafusulina were formed.” Since HANZAWA did not make any comment on
the specific assemblage of the Yabeina-limestone, the paleontologic characteristics
of this limestone was not clear.

Three years after the HANZAWA’s study, FuJiMoTo (1944)* reported the
occurrence of Yabeina shiraiwensis OZAWA in his eleven localities which were
referred to his Yabeina-Sumatrina zone, in three of these localities (Loc. 9, 12,
15), with Lepidolina multiseptata (DEPRAT) and in four others (Loc. 15, 26, 37,
40) with Y. shiraiwensis and Y. globosa.

According to YokoyaMA (1959) the Nishiuyama Group and the Yasumoto
Formation are referred to the Kuman. The former is divided into two, the lower
Maedani [Swi 55] and the upper Notabiyama [Swi59’] Formation. The Mae-
dani Formation consists mainly of black shale and sandstone, with intercalations
of limestone conglomerates and limestone lenses in several horizons, and yields
the following species:

Yabeina shiraiwensis; OZAWA

Y. sSpp.

Sumatrina annae VOLZ
Neoschwagerina margaritae DEPRAT
N. Spp.
Pseudodoliolina sp.

Schwagerina sp.

Pseudofusulina sp.

* Sinece all the thin sections used in FuJiM0oT0’s study were raided and lost during
the last War, it is impossible to restudy them.
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The Notabiyama Formation conformably overlies the Maedani Formation and
it also is composed of black shale and sandstone with chert and meta-diabase, but
is barren of fossil content.

On the other hand the Yasumoto Formation [Swi 58] whose stratigraphical
relationship with the Maedani Formation and Notabiyama Formation is not clear,
contains thick limestone bed (about 50 m) in which the following Lepidolina
faunule is known (YOKOYAMA, 1959) :

Lepidolina sp. nov.

L. 8p.
Yabeina shiraiwenis OZAWA
Y. Spp.

Neoschwagerina spp.

Parafusulina sp.

Codonofusiella sp.

Waagenophyllum cfr. akasakensis (YABE)

w. longiseptatum YOKOYAMA (MS)

Although none of the species from Taishaku plateau have been described
except Pseudoschwagerina miharanoensis AKAGI mentioned in Chapter VII, the
Maedani Formation of YOKOYAMA is probably equivalent to SADA’s Yabeina shi-
ratwensis zone or to NOGAMI'S Yabeina shiraiwensis—Y. sp. A subzone of Atetsu
limestone Group, and the Yasumoto Formation is almost certainly correlative with
SADA’s Lepidolina zone or with NoGAMI’'s Yabeina shiraiwensis subzone.

4. Jinseki-Yuki area

To the south of the Taishaku plateau an unnamed non-calcareous group
occurs in the Jinseki-Yuki area. Although no fusulinaceans have been found in
the upper formation of this group except Eostaffella sp., Millerella sp., Schwa-
gerina sp., and Sumatrina sp. which were found in the limestone pebbles of
conglomerate in the upper part of this formation, HASE (1965) correlated it
with the Mihara Formation of the Yoshii Group in the Oga area because of a
lithological similarity and stratigraphical relationshp to the lower formaton.

Limestone and schalstein bodies, which are presumed to be in tectonic contact
with the non-calcareous formation mentioned above, occur to the north of Kurega-
toge [Swi67A] and yield Yabeina shiraiwensis OZAWA, Neoschwagerina cfr.
douvillei OZAWA, N. cfr. margaritae DEPRAT, Pseudodoliolina cfr. pseudolepida
(DEPRAT), and Schwagerina sp. in the limestone conglomerate. HASE (1965)
referred this limestone mass to the upper Middle to Upper Permian.

5. Akiyoshi area

In the Akiyoshi limestone Group [Swi 100], whose stratigraphy and paleonto-
logy have been studied by TORIYAMA (1954, 1957, 1958) at length, the uppermost
fusulinacean zone (Yabeina shiraiwensis zone) is mostly referable to the Kuman,
although, as in the Uji Formation in the Oga plateau, no species of Lepidolina
have been found in that zone.

Among the Permian rocks of the non-calcareous facies developed around the
Akiyoshi limestone, the Yaegahara Formation [Swi99] of the Oda Group, the
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Sanbonmatsu Formation [Swi 88’] of the Beppu Group and the Shiraiwa Forma-
tion [Swi 94] of the Tsunemori Group were referred to the Kuman (TORIYAMA,
1954).

MURATA (1961) holds a slightly different opinion as to the division of
these non-calcareous groups and their geologic structures. The upper part of the
Yaegahara Formation and the Tsutsumi [Swi92’] and Kawarakami [Swi 87]
Formations of Murata is referred to the Kuman. KAWANO et al. (1963) also
differ in their interpretation of the geologic structure of the Oda Group.

Kawar (1963) expressed a different opinion on the geotectonic history of the
Akiyoshi area. Although he proposed many new group or formation names and
geotectonic terms, his interpretation is sometimes not based on concrete field
evidences. His interpretation is therefore not accepted here. TAKAHASHI (1965)

also does not agree with KAwWAI in the geotectonic interpretation of the Tsunemori
Group.

6. Mino-Kanoashi massif

The Nichihara Formation (1500 m) [Swi 72], the uppermost division of the
Kanoashi Group, consists of grey black clayslate and chert with intercalations of
limestone and schalstein. KAwWANO (1961) referred the Kuman to this formation
in which an indeterminable species of Yabeina was found. However, it is not
improbable that the Nichihara Formation is referable to the upper Akasakan.
Neocalamites sp. was once reported from the lenticular limestone exposed near the
Sasagatani mine [Swi 73] in the northwestern part of this area (YABE and ENDoO,

1920). A trunk of Calamites (Arthropitys) sp. was formerly found in the lime-
stone at this mine.

7. Mugitani area

The Mugitani Formation [Swi79’] (750-800 m) developed in the area be-
tween Handa and Zomeki limestone plateaux is composed of sandstone, conglome-
ratic at some horizons, and black clayslate, with conglomerate at the base. Since
indeterminable species of Sumatrina, Yabeina and Parafusulina have been ob-
tained in the middle part, the Mugitani Formation* is dated by KAwWANoO (1961)

as the uppermost of the zone of Neoschwagerna to the zone of Yabeina-Lepidolina
zone.

8. Ikadaba area

Along the lower valley of Abugawa is distributed the Kyodoko Formation
[Swi 81] which consists mainly of chert and sandstone with remarkable con-
glomerate or limestone conglomerate at the base. KAWANO (1961) described
Yabeina shiraiwensis OZAWA, Y. sp. A, Sumatrina cfr. longissima DEPRAT, Neo-
schwagering cfr. douvillei OZAWA, Pseudodoliolina sp., Verbeekina sp., and several
species of schwagerinids, including Schwagerina cfr. acris THOMPSON and
WHEELER. Although no species of Lepidoline have been found, the Kyodoko
Formation is dated as the uppermost Akasakan to the Kuman (KAwANO, 1961).
The stratigraphical relationship between the Kyodoko and the underlying Ikadaba

* Mugitanigawa Fermation of KAWANO (1953).
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Formation is not conformable, and at some places, for example at Totani, south-
west of Tkadaba, the basal conglomerate of the former covers the erosion surface
of the latter.

9. Yamaguchi area

Covering an area of about 10 km from east to west and about 2km from
north to south, the Permian rocks called the Miyano Formation [Swi84] (Ka-
WANO, KAWAMURA and KAWAMURA, 1954) is developed to the northeast of
Yamaguchi city. KAWANO (1960, 1961) revised the stratigraphical division
and divided the Permian rocks of this area into two formations, the lower
Suzumiyama [Swi83] (about 650 m) and the upper Aratani [Swi82] (about
1250 m) Formation. The Aratani Formation conformably overlies the Suzumi-
yama Formation and is characterized by conspicuous conglomerate in the lower
part and by clayslate in the upper. KAWANO reported the following species from
the limestone conglomerate, called the Aratani conglomerate, in the basal part:

Ozawainella aff. kueichihensis (CHEN)
*Codonofusielle explicata KAWANO
Schwagerina sp.

*Pseudofusulina arataniensis KAWANO
Parafusulinae sp.

Pseudodoliolina? sp.
Neoschwagerina cfr. douvillei OZAWA

N. megaspherica miyanoensis KAWANO
(Species with an asterisk were found in the pebbles of limestone conglo~
merate)

KawaNo (1960, 1961) described all the species listed above excepting the
indeterminable ones, and he correlated the lower part of the Aratani Formation
with the upper Akasakan age and the upper part with the Kuman age. However,
it is probable that the Aratani Formation is as a whole equivalent to the Akasakan
as no species of Yabeina nor of Lepidolina have been found.

10. Izumiyama, Yamaguchi city

SuciyAMA (1939) reported Yabeina shiraiwensis OZAWA, Sumatrina annae
VoLz and Parafusulina cfr. kattaensis (SCHWAGER) in the limestone exposed at
Izumiyama in the west of Yamaguchi city. SUGIYAMA regarded the limestone
as a Klippe resting on the non-calcareous Paleozoic rocks (sandstone). However,
according to KAWANO, KAWAMURA and KAWAMURA (1954) and KAWANO (1961),
the limestone is a limestone conglomerate and the underlying sandstone is litholo-
gically correlative with the Aratani Formation. KAWANO stated that the
limestone mass and the underlying sandstone are not in the relation of “Klippe”
as SUGIYAMA considered, but both of them, together with the non-metamorphic
Paleozoic rocks exposed at Akazuma, about 2 km east of Izumiyama, are forming
Klippen resting on the Sangun-Motoyama metamorphic Group.

VII. Outer zone of Southwest Japan
A. Kii peninsula
The zonal arrangements of the Paleozoic and Mesozoic strata are well shown
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in the southern half of Kii peninsula in which Kuman formations are known in
several places.

1. Osugi area

The Osugi area is along the upper valley of Miyagawa in the central part
of the peninsula [Swo 19]. According to ARAKI, YAMADA, KOBAYASHI, and
MURATA (1956), the Paleozoic formation of more than 850 m thickness, which
has been left unnamed, consists mainly of sandstone with intercalation of lime-
stone in the middle and lower parts. According to personal information from
MURATA, the lower limestone is conglomeratic, yielding Yabeina cfr. yasubaensis
TORIYAMA, Y. shiraiwensis OZAWA, and Y. sp. together with Neoschwagerina sp.
which seems to be a derived fossil. This Permian formation is probably correlated
with the Yasuba Formation of Shikoku which will be described below.

2. Kawakami-mura area

Kawakami-mura area [Swo 20-22] along the upper valley of Yoshinogawa,
Mié Prefecture, was studied by SHIIDA (1951) who divided the Chichibu terrain
of this area into several belts of nearly east-west trend. In one of these, called
the Takahara-Nakaoku belt, schalstein, limestone and chert are predominant
with intercalation of conglomerates. Since the conglomerates are comprised of
granitic pebbles, and fusulinacean fossils are known in the beds close to the
conglomerate, they may be equivalent to the Yasuba conglomerate of Shikoku.
Paleontological information related to this extensive area is not available.

3. Yuasa-machi and its environs (Western part of Kii peninsula)

The division D of HIRAYAMA and TANAKA (1956, see Chapter VII) (Ukiishi
Formation [Swo 32]—700 m) is referred to the Kuman. The division D overlies
C of the Akasakan with a presumable unconformity. The division D is also
distinguished lithologically from the underlying C, B and A in that the basal part
of the division D is characterized by conglomerate and the upper by sandstone
with a subordinate conglomerate. The pebbles of limestone in the conglomerate
contain various kinds of fusulinaceans (undetermined) whose range is from the
Sakamotozawan to the Kuman. HIRAYAMA and TANAKA are of the opinion that
the Ukiishi Formation (D,+D,) is correlative with the Kuma Formation of
South Kyushu.

Besides the above mentioned localities, the fusulinacean-bearing limestone
conglomerates have long been known to occur in the following localities in the
environs of Yuasa-machi, although no paleontological information has been
available on them: a) Hota [Swo 31], Arita city to the environs of Subhara,
Yuasa-machi (YABE, 1906; NaAcGao, 1926); and b) Shirosaki and Kuroyama
[Swo 85], northwest of Yura-machi (NAKAMURA, 1926).

B. Shikoku

As many stratigraphers have stated, the Chichibu terrain of Shikoku is
divisible into three zones or belts, northern, central and southern. Between the
northern and central zones the Kurosegawa tectonic zone (or Sakashu thrust
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zone or Kuroiwa tectonic line of KOBAYASHI), Otaru-Suita tectonic lines (SUYARI),
ete. exist.

1. Northern zone

Since KoBAYASHI found the characteristic conglomerate, called the Yasuba
conglomerate, in the vicinity of Yasuba [Swo 64], 4 km north of Tosa-Yamada-
machi and emphasized its geological significance, similar types of conglomerate
have been found in several places not only in Southwest Japan but also in Kwanto
massif and other places. Hence the Yasuba-type conglomerate has been regarded
as the most typical characteristic feature of the Upper Permian Kuman age. At
the type locality the Yasuba conglomerate contains round pebbles of several to
fifteen centimeters in diameter in the limy matrix. Pebbles are various in kind,
comprised of chert, limestone, mudstone, sandstone, and tuff, and several kinds
of igneous rocks. The fusulinacean fossils are found both in limestone pebbles
and in matrices of the conglomerate. Although TORIYAMA (1942) already
described the fusulinaceans obtained from the type locality, KANMERA (1953)
restudied the same material and added several species characteristic of the
Kuman age.

The species in the matrices are as follows (those with an astrisk were
described by TORIYAMA) :

Codonofusiella sp.
Pseudodolina pseudolepida (DEPRAT)
*Yabeina shiraiwensis OZAWA

*Y. yasubaensis TORIYAMA

Y. cfr. gubleri KANMERA
Lepidolina cfr. kumaensis KANMERA
L. sp.

HasHIMOTO (1955) proposed to give the name Yasuba Formation to the
stratigraphical unit in which the Yasuba conglomerate is included, although it
was revised by NAKAGAWA et al. (1959) to the Yasuba Group and by SUYARI
(1961) again to the Yasuba Formation. In their definitions, the Yasuba con-
glomerate occurs in the middle part of the formation.

2. Central zone

The Haigyu Formation is the representative of the Kuman in the central
zone of the Chichibu terrain in Tokushima Prefecture, with the type locality in
the vicinity of Haigyu [Swo 53], Kaminako-cho. It consists mainly of sandstone
and mudstone, with intercalations of conglomerate and limestone. In the lime-
stone lenses interbedded in the conglomerate or mudstone in the middle part of
the formation, the following species have been found by YAMASHITA ef al. (1956)
(Locality; south of Sakashu [Swo 54], Kisawa-mura, and north of Haigyuguchi,
Kaminaka-cho) :

Codonofusiella cuniculata KANMERA
Schwagerina aff. acris THOMPSON and WHEELER
Parafusulina? sp.



The Fusulinacean Zones of Japan 191

Pseudodoliolina pseudolepida gravitesta KANMERA

P. sp.

Yabeina columbiana (DAWSON)
Y. yasubaensis TORIYAMA
Y. gubleri KANMERA
Lepidolina kumaensis KANMERA
L. toriyamai KANMERA

The Ichinose Formation [Swo 81’] is the equivalent of the Haigyu Formation
in Kochi Prefecture. It consists of massive mudstone, coarse sandstone and
conglomerate and is developed from north of Kochigatani to Shimoyama in
Sakawa-cho. In several horizons conglomerates are found, in whose matrices
the following species were reported by YAMASHITA (1958) (Locality; north of
Shimoyama [Swo 811):

Rauserella? sp.

Codonofusiella cfr. cuniculata KANMERA
Schwagerina aff. acris THOMPSON and WHEELER
S. sp.

Verbeekina sp.

Yabeina cfr. columbiana (DAWSON)

Y. yasubaensis TORIYAMA

Y. sp.

Lepidolina sp.

The faunal assemblage in the conglomerate and the lithological characteristics
of the Haigyu and Ichinose Formations indicate that without doubt both the
formations are correlated with the Kuma Formation of South Kyushu.

The limestone exposed at Yamamba and Shimoyama [Swo 81] in Sakawa-cho,
which are regarded by SUYARI et al. as a part of the Ichinose Formation, contain
a wealth* of brachiopod, coral, sponge, bryozoa, and other fossils, but only a
scant supply of fusulinaceans.

Since this fauna is exotic to the Chichibu terrain while the fossil assemblage
is remarkably similar to the fauna of the Iwaizaki limestone, KOBAYASHI (1941,
1951) regarded the Shimoyama and Yamamba limestones as the Klippen on his
para-Kitakami facies which came from the Sambagawa terrain of the north to
the present position by the Sakawa orogenesis. However, KATTO et al. (1956)
insisted that the Ichinose Formation, including the Shimoyama and Yamamba
limestones, is not Klippe but is of autochthonous deposits.

The Uwanaro Formation [Swo 94], the upper division of the Kokuzosan
Group (ISHIZAKI, 1962), is presumed to have the Kuman in the upper part, though
there is no positive paleontological evidence to verify this presumption. This
formation occurs to the south of Ochimen [Swo 92] and consists of chert, coarse
sandstone and siliceous mudstone, attaining a thickness of about 1400 m. The
correlation of this formation by ISHIZAKI was based on the great thickness of
the deposits and the stratigraphical relationship with the subjacent Ozodani

* As for the specific names of these fossils see YABE and SuGivyaMA (1933, 1943),
MiINATO (1955) and SUYARI (1961).
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Formation [Swo 93’] in which species of Neoschwagerina and Yabeina occur, but
further study seems to be necessary to find concrete paleontological evidence.

The Doi Formation [Swo 104] of Kurosegawa area consists of sandstone and
black mudstone with a lenticular conglomerate which comprises the same kinds of
igneous rocks as those found in the Yasuba conglomerate in the Yasuba Forma-
tion (ICHIKAWA et al., 1956). Although little information is available concerning
the faunal contents, the Doi Formation has been referred by ICHIKAWA et al. to
the Upper Permian.

C. Kyushu

The Kuma Formation [Swo 139] developed in the upper valley of Hikawa in
the Kuma massif is the standard of the Upper Permian in Southwest Japan.
Since KANMERA (1953, 1954) has given a detailed account of the geology and
paleontology of the Kuma formation, it seems unnecessary to add further
discussion.

Mizukoshi area

The Mizukoshi Formation [Swo 138] named and studied by MATSUMOTO and
Fusimoro (1939) is distributed in an area about 10 km southeast of Kumamoto
city. FuJiMoTo reported several species of Schwagerina, Pseudodoliolina, Neo-
schwagerina, and Yabeina, referring this formation to the Artinskian to Saxonian
in age. In his study of the Kuma Formation, KANMERA (1953) made a reference
to the Mizukoshi Formation suggesting that there is a possibility of refering
it to the Kuman.

According to YANAGIDA (1958), who has restudied the Mizukoshi Formation
in detail, it is undoubtedly a correlative of the Kuma Formation in lithology and
faunal contents. It consists of alternation of black shale and sandstone frequently
with graded bedding in the lower part (900m), and of shale, sandstone and
conglomerate in the upper part (500 m). The following fusulinaceans have been
identified in the limestone 130 m above the base of the upper part:

Yabeina cfr. gubleri KANMERA

Y. cfr. yasubaensis TORIYAMA
Lepidoline cfr. toriyamai KANMERA
Pseudodoliolina cfr. pseudolepide (DEPRAT)
Schwagerina sp.

Parafusulina sp.

All the species listed above, with the exception of the indeterminable ones,
are main constituents of the zone of Lepidolina of the Kuma Formation. Besides
the above, YANAGIDA found the following brachiopods, pelecypods and gastropods
in the shale about 100 m below the top of the formation:

Neospirifer cfr. fasciger (KAYSERLING)
Spiriferella sp.

Productus sp.

Acanthopecten aff. spinosus HAYASAKA
Pleurotomaria sp.
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Generally speaking, the brachiopod faunas are rather rare in occurrence in
Southwest Japan, the exception being the Omi limestone of Hida massif and the
Akiyoshi limestone Group. However, they are rich in Northeast Japan, especially
in the Kanokura Formation of the southern part of the Kitakami massif. Com-
paring the brachiopod faunas of the Mizukoshi Formation with those of the
Kanokura Formaton, there is nothing in common with both in generic compari-
son except for Spiriferella. However, it is worthy to note that the spiriferids

occur in the horizon clearly higher than that characterized by the Lepidolina
fauna.

Postscript

After the manuscript was completed several reports concerning the Carboni-
ferous and Permian stratigraphy and paleontology have come to hand, some of
which are considerably important to the subject dealt with in this paper, and
their results are added here as the postscript.

1. The Permian formations developed in the Ibukiyama area have recently
been studied by MIYAMURA (1966) whose conclusion is different in the tectonic
interpretation from those of the previous workers. He divided the calcareous
formation of this area into two, the Ibukiyama limestone [Ht 96] and the
Itanamiyama limestone [Ht 95’], both of which are tectonically separated into
several blocks. These calcareous formations have long been regarded as “Klippen”
upon the non-calcareous formations developed under or around the formers, but
MIYAMURA inferred that they are not ‘“exotic” mass but are ‘“‘autochthonous”,
that is to say, the calcareous formations are assumed to have been deposited
in situ simultaneously with the non-calcareous formations. He considers that
the Itanamiyama limestone is faulted into imbricated structure and the Ibukiyama
limestone is flexed into overturned folding. The former is assumed to be earlier
in the tectonic developmental stage than the latter. As for the fusulinacean
fossil, no new information has been given by MIYAMURA. (Refer; page 98-99,
126-128, and 151).

2. SaApA and YOKOYAMA (1966) have described well preserved specimens of
Lepidolina multiseptata multiseptata (DEPRAT), L. multiseptata shiratwensis
(0OzAawA), L. elongata (GUBLER), Yabeina minuta THOMPSON and WHEELER, and
Chusenella sp. A from the Yasumoto Formation [Swi 58] of the Taishaku lime-
stone. The fauna is quite similar to that of Cambodia described by GUBLER
(1935) and recently redescribed by ISHII and NocaMmMi (1964). Because the
Yasumoto fauna is unique in having L. elongata, the joint authors set up the
Lepidolina elongata zone for the Yasumoto Formation. However it is not known
which part of the Kuman Stage is referable to the L. elongata zone. The occur-
rence of the Yasumoto fauna implies the paleogecgraphical problem in its relation
to the Lepidolina toriyamai fauna in Southwest Japan.

3. A series of papers have been presented by HAYASAKA, HAYASAKA and
MINATO, and HAYASAKA and KATO on the Upper Palaeozoic fauna from Mihara-
noro [=Miharano] [Swi57], Tojo-machi, Hiroshima Prefecture. The biostrati-
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graphical significance of the fauna has been given by HAYASAKA. HAYASAKA
and KaTo (Ist Note of 1966) revised the zonation of the Miharanoro Formation
—the zone of Pseudoschwagering as follows: namely, Pseudofusulina krotowi sub-
zone, Pseudoschwagerina miharanoensis subzone and Triticites nishikawaei (MS)
subzone in descending order. They mentioned that Pseudoschwagerina miharano-
ensis AKAGI occurs abundantly in the lower part of the Pseudofusulina limestone
together with Pseudofusulina vulgaris (SCHELLWIEN), but does not seem to occur
in the Triticites limestone nor in the upper part of the Pseudofusulina limestone.

Although faunal assemblage of these subzones is not known, the following
correlation may be plausible: the lower subzone with the Triticites simplex
subzone, the middle subzone with the Pseudofusulina vulgaris subzone, and
the upper subzone wth the upper part of the Pseudofusulina vulgaris subzone
and/or the lower part of the P. ambigua subzone of the Akiyoshi limestone Group.

Supplement to Chapter VII (pp. 89-90)

The results of SAKAGAMI and OMATA’s study (1957) have been left out in
the original manuscript. Having studied the Raidenyama Paleozoic zone of
FuJimoTo they described the Sakamotozawan fusulinaceans which were contained
in the boulders found at the foot of the Shiraiwa limestone, about 1.5 km NNW
of Raidenyama [Kw 39]. This fauna comprises Schubertelle kingi DUNBAR and
SKINNER, S. cylindrica SAKAGAMI and OMATA, Kwantoella fujimotoi SAKAGAMI
and OMATA, Triticites thalmanni SAKAGAMI and OMATA, T. fujinoi SAKAGAMI and
OMATA, T. cfr. simplex (SCHELLWIEN), T. kawanoboriensis Fuyimoro, T. spp.,
Pseudoschwagerina cfr. orientale FUIIMO0TO, Schwagerina modica THOMPSON and
HAZZARD, S. guembeli omensis SAKAGAMI and OMATA, S. guembeli pseudoregularis
DUNBAR and SKINNER, S. cfr. verneuili levidensis (LEE), and S. spp., all of them
have been described except for the indeterminable species. The Shiraiwa lime-
stone was correlated by SAKAGAMI and OMATA with the middle to upper Wolf-
campian of North America, but it is more likely referable to the lower to middle
Sakamotozawan. Although they divided the Raidenyama Paleozoic zone into three
formations, Kitaosogi, Raidenyama and Naruki, further information on strati-
graphy of this area is presently not available.
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List of locality names

Kitakami and Abukuma massifs [Ka]

Iwate Prefecture (3=F18)

1.

w

10.

11.
12.

13.
14.

15.

16.

17.
18.

19.

20.
21.
22.
23.

24.
25.
26.

Akka (%) ; Iwaizumi-machi, Shimohei-gun (Akka-mura) TFEAREPERE (EFR
)

Kogawa (/pJI]); Iwaizumi-machi, Shimohei-gun (Kogawa-mura) » » (NIF)
Iwaizumi (F4); Iwaizumi-machi, Shimohei-gun » »

Hanawa (fE#g); Miyako-shi (Hanawa-mura, Shimohei-gun) ‘=451 (TEFRENER
)

Toyomane (&f#); Yamada-machi, Shimohei-gun (Toyomane-mura) TRIFESL
FHET (BRIRAT)

Ohazama (k38); Ohazama-machi, Hienuki-gun fBE#{AEMT

Tassobe () ; Miyamori-mura, Kamihei-gun (Tassobe-mura) FEIGREIESH
GEEEA)

Hiryuyama (R#1l); Miyamori-mura, Kamihei-gun (Tassobe-mura) ” ”
«C )

Kuribayashi (ZE#k); Kamaishi-shi (Kurihashi-mura, Kamihei-gun) ZAH7 (LB
RETEER)

Kamaishi-kozan (mine) (Z&5%#;l1); KXamaishi-shi (Kasshi-mura, Kamihei-gun)
AW (LRAFERTFHR)

Kamaishi (£74); Kamaishi-shi &A1

Kogawa (/NI ; Kamaishi-shi (Kasshi-mura, Kamihei-gun) &AW (LFAREEF
)

Ohashi (k#%); Kamaishi-shi (Kassi-mura, Kamihei-gun) " « no)
Tsuchikura (+#&); Sumita-machi, Kesen-gun (Kamiarisu-mura) S{UEMEEE (&
BHER)

Omatsu (k#2); Kamaishi-shi (Kasshi-mura,Kamihei-gun) [Kasshi (BF)] £&#
i (ERAGRERER )

Kamiarisu (+4&{F); Sumita-machi, Kesen-gun (Kamiarisu-mura) SflE§EHE (E
HEAD

Daido (Kkjf); Sumita-machi, Kesen-gun (Kamiarisu-mura) ” ” C n )
Shimoarisu (FHM); Sumita-machi, Kesen-gun (Shimoarisu-mura) " ”
(FRER)

Omoriyama (KFkl); Esashi-shi (Yonezata-mura, Esashi-gun) 7T#iids ((IHRIER
A

Shiba (%Z); Esashi-shi (Yonezato-mura, Esashi-gun) [Tochu (FH)] » (» n)
Hitokabe (A#); Esashi-shi (Yonezato-mura, Esashi-gun) " (n ”)
Yonezato (GkE); Esashi-shi (Yonezato-mura, Esashi-gun) ” (n ")
Hikoroichi (HEH); Ofunato-shi (Hikoroichi-mura, Kesen-gun) KT (GUED
H E )

Nagaiwa (E#); Ofunato-shi (Hikoroichi-mura, Kesen-gun) » (» 1)
Sakamotozawa (k#£i{R); Ofunato-shi (Hikoroichi-mura, Kesen-gun) » (» »)
Onimaru (#3#1); Ofunato-shi (Hikoroichi-mura, Kesen-gun) » (7 1)

shi=city; gun=county; machi or cho=town; mura or son=village

As the results of the law of promotion of unification of township and village taken

effect several years ago, many of machi or cho (town) and mure or son (village) were
combined together to make a new shi (city) or a new larger machi or cho (town).
The former name of machi or cho and murae or son is indicated in the parentheses
immediately after the present name in the list.
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27.
28.
29.
30.
31.

32.

34.

35.

36.

37.
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Setamai (#H%¥); Sumita-machi, Kesen-gun (Setamai-machi) &{UETERAT (HH
KHT)

Katchizawa (&Hii¥) ; Sumita-machi, Kesen-gun (Setamai-machi) » » ( » )
Kanokura (H#&); Sumita-machi, Kesen-gun (Setamai-machi) » » ( » )
Yokota (#H); Rikuzen-Takata-shi (Yokota-mura, Kesen-gun) [EaiEET (&l
HREEH)

Yukisawa (Z£iR); Rikuzen-Takata-shi (Yahagi-mura, Kesen-gun) [Iwahata (&
M) ] EERTE AT RALEREIEN)

Takata (FH); Rikuzen-Takata-shi (Takata-machi, Kesen-gun) EEgTEHT (Kl
Fiiif=1l1p)

Yahagi (%&fF); Rikuzen-Takata-shi (Yahagi-mura, Kesen-gun) EEpIEHET (&Kl
HRRAVERD

Nagasaka (Ei%); Higashiyama-cho, Higashiiwai-gun (Nagasaka-mura) #H#&H:
AR ILET (RIRN)

Matsukawa (#3J1]); Higashiyama-cho, Higashiiwai-gun (Matsukawa-mura) » »
(IR

Ichinoseki (—mBg); Ichinoseki-shi (Ichinoseki-machi, Nishiiwai-gun) —B§ (7§
B AR —BEHT)

Usuginu (#%); Kawasaki-mura, Higashiiwai-gun (Usuginu-mura) s8HE][%
N ER

Miyagi Prefecture (EiRIE)

38.

39.
40.

41.

42.

43.
4.
45.
46.
47,
48.
49.

50.

Matsukawa (#3)1]); Kesennuma-shi (Niitsuki-mura, Motoyoshi-gun) &(UEBTH (4
HEGT M)

Tsukidachi (Hir); Kesennuma-shi (Niitsuki-mura, Motoyoshi-gun) » (» #)
Karakuwa (F52%); Karakuwa-cho, Motoyoshi-gun (Karakuwa-mura) FEEEEZ
0 (FEEN)

Kesennuma (F/liE); Kesennuma-shi (Kesnnuma-machi, Motoyoshi-gun) &/l
W (EHFEKAUEET)

Iwaizaki (F##); Kesennuma-shi (Hashikami-mura, Motoyoshi-gun) &AUBET (&
FHERRE B

Nishikori (7§#f); Towa-machi, Tome-gun (Nishikori-mura) Z3AEIEEFIET (SR
Maiya (k#3); Towa-machi, Tome-gun (Maiya-machi) ZREFFMA] CRAHE)
Yamazaki ({ljif); Towa-machi, Tome-gun (Maiya-machi) » » ( » )
Tenjin'noki (Rgfiook); Towa-machi, Tome-gun (Maiya-machi) » » ( » )
Rodai (#%); Towa-machi, Tome-gun (Maiya-machi) » » ( »n )

Toyoma (%:}); Toyoma-machi, Tome-gun BHRFEYHT

Jusanhama (+=i&); Kitakami-machi, Monoo-gun (Jusanhama-mura) $kEFdLE
0y (+=&HR)

Ogatsu (#p); Ogatsu-machi, Monoo-gun (Jugohama-mura) Sk EFHERERT (LIEH)

Fukushima Prefecture (JE&I8)

51.

b2.
53.
54,
55.
56.

Tateishi (377); Kashima-machi, Soma-gun (Kamimano-mura) HEMEER (&
ELEFA)

Uenohata (fEnMH); Kashima-machi, Soma-gun (Kamimano-mura) » » ( » )
Uwano (L¥); Kashima-machi, Soma-gun (Kamimano-mura) » v ( n )
Oashi (:k%); Haranomachi-shi (Ishikami-mura, Soma-gun) R #T (f8EEFGMEH)
Yakuki (/{Z); Yotsukura-machi, Iwaki-gun (Ono-mura) GIREFVUEE] (KEFH)
Takakurayama (F&1l); Yotsukura-machi, Iwaki-gun (Ono-mura) » » ( » )

Ibaragi Prefecture (¥KifR)

57.
58.

Sugimoto (#2#); Hitachi-shi [Hitachi mine (Hsr#ilD]; Hird
Ayukawa (#4)I[); Hitachi-shi (Taga-machi, Taga-gun) H3rf7 (ZEELEH])
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Chiba Prefectue (F3H)
59. Choshi (8k7); Choshi-shi k71
60. Takagami (&#h); Choshi-shi »

Inner zone of Northeast Japan [Ni]

Akita Prefecture (fFkHIE)
1. Yatsumori (jiz%); Hachimantai-mura, Kazuno-gun F§fES/UESEAF

Iwate Prefecture (HFH)

2. Ohirasawa Kozan (mine) (CKSER$EL); Ashiro-machi, Ninohe-gun (Tayama-mura)
TREREARE (EILR)

3. Shin’yu (Z#); Ilchinoseki-shi (Kebi-mura, Nishiiwai-gun) —B§i (PEE&HATREE
)

Niigata Prefecture (FHiEIR)

4. Mizutani Kozan (mine) (Jk%&$:1l); Tsugawa-machi, Higashikambara-gun R
vt

5. Awagatake (3 5); Kamo-shi (Nanatako-mura, Nakakambara-gun) jnii (4
HEAEAR)

Fukushima Prefecture (f§52)
6. Inami Kozan (mine) (fg§%iil)); Inami-mura, Minamiaizu-gun g&EEFFEN
7. Komagatake (Ei}»&); Hinoemata-mura, Minamiaizu-gun pga@EMARRIEFT

Gumma Prefecture (B{EIH)
8. Keizuruyama (E#(l}); Katashina-mura, Tone-gun FHELH Gt
9. Zensakuzawa (3E{Ei{R); Katashina-mura, Tone-gun » "

Tochigi Prefecture (f5R1E)
10. Hanawa (ft#); Kuriyama-mura, Shioya-gun EREFE LR
11. Taishakusan GGF%(l]); Kuriyama-mura, Shioya-gun » 7

Kwanto massif [Kw]

Ibaragi Prefecture (ZRifIR)

1. Nanaai (+4); Nanaai-mura, Nishiibaragi-gun FHRIRE-CER

2. Kasama (%f); Kasama-shi (Kasama-machi, Nishiibaragi-gun) A7 (76 %KIRAD
SEEET)

3. Oizumi (XiR); Iwase-machi, Nishiibaragi-gun 767IRERE BEET

Tochigi Prefecture (#FAIE)

4. Nabeyama (§81l/); Tochigi-shi (Terao-mura, Shimotsuga-gun) #ARH (TEBEARF
ER)

Izuru (H5); Tochigi-shi (Terao-mura, Shimotsuga-gun) » ( » v )
Adoyama (7 FilI); Kuzuu-machi, Aso-gun ZEANESE]

Aizawa (£7R); Kuzuu-machi, Aso-gun »

Maki (#%); Kuzuu-machi, Aso-gun »

Kuzuu (E4); Kuzuu-machi, Aso-gun » »

10. Mikagura (f#%); Tanuma-machi, Aso-gun r~ HFH]

Gumma Prefecture (EER)
11. Kawamo (J[|f); Omama-machi, Yamada-gun (Fukuoka-mura) |[LEARKH 4 H (i@
fE)
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12.
13.
14.
15.
16.
17.

18.

R. TORIYAMA

Mamba (75#); Mamba-machi, Tano-gun £ BFE[77 ST

Kanosan (iH{l1); Nakazato-mura, Tano-gun » HIEK

Kagahara (fi+E); Nakazato-mura, Tano-gun » 7

Okura (X&); Nanmoku-cho, Kanra-gun (Iwato-mura, Kitakanra-gun) H38EEg
1B (LHREEER)

Mutsuguruma (558); Nanmoku-cho, Kanra-gun (Tsukigata-mura, Kitakanra-
gun) » v (JEHEEEAERN)

Tsukigata (H7Z); Nanmoku-cho, Kanra-gun (Tsukigata-mura, Kitakanra-gun)
nmoon (o m)

Shiroi (H#); Ueno-mura, Tano-gun %[ B4

Saitama Prefecture (35EJE)

19.

20.
21.

22A.

22.
23.
24,
25,
26.
27.

28.
29.
30.
31.

32.
33.
34.

Kamiyoshida (#MH); Yoshida-machi, Chichibu-gun (Kamiyoshida-mura) #:A2ES
HHET (EFHFHEF)
Onagata (ZJ%); Yoshida-machi, Chichibu-gun (Kamiyoshida-mura) » » (n)
Futagoyama (FFil); Ogano-machi, Chichibu-gun (Kurao-mura) » /NEEEFE] (&
B

Ogamata (K < #); Otaki-mura, Chichibu-gun » KR
Mujinazawa (4 +JR); Otaki-mura, Chichibu-gun ~»
Rokusuke (;5Bp); Otaki-mura, Chichibu-gun [Maemonkura (§ifi&)] » n»
Nakatsugawa (F)[[); Otaki-mura, Chichibu-gun » »
Otaki (k#); Otaki-mura, Chichibu-gun » »
Ryokami (fj#h); Ryokami-mura, Chichibu-gun » Wik
Kagemori (#5); Chichibu-shi (Kagemori-mura, Chichibu-gun) BRH (BRQEE
HFRD
Kamikagemori (8 #%); Chichibu-shi (Kagemori-mura, Chichibu-gun) » (» »)
Hinoda (HEfH); Chichibu-shi (Chichibu-machi, Chichibu-gun » (7 ®:4H])
Bukosan (EHF); Yokose-mura, Chichibu-gun #:AQBPREEHER
Shomarutoge ([EiLiE); Hanno-shi (Agano-mura, Iruma-gun) fgaEd (ABEEE
)
Shimokuzu (RF/A&); Hanno-shi (Agano-mura, Iruma-gun) » (7 )
Kamikuzu (EZ5E); Hanno-shi (Agano-mura, Iruma-gun) » (» r)
Asakaido (¥##); Naguri-mura, Iruma-gun AREFZEN

Tokyo Prefecture (g§m#5)

35.

36.
37.

38.

39.
40.

41.

42.

43.

4.

Hikawa (5kJII); Okutama-machi, Nishitama-gun (Hikawa-machi) 7§% EEE 8 % ESHT
GkJIET)

Unazawa (##R); Okutama-machi, Nishitama-gun (Hikawa-machi}) » » ( » )
Shiromaru (H#.); Okutama-machi, Nishitama-gun (Furusato-mura) » » (&
B

Shozawa (IEJR); Ome-shi (Naruki-mura, Nishitama-gun) [Zengosasu (Fi#15)]
HiEm (AL EBRARN)

Raidenyama (E&L); Ome-shi (Naruki-mura, Nishitama-gun) » (# »n)
Hinatawada (H@f1HE); Ome-shi (Ome-machi, Nishitama-gun) » ( » i
i)

Tamanouchi (E»py); Hinode-mura, Nishitama-gun (Okuno-mura) 7§% EEEH H
N CRAEH)

Kan’yo (JF%); Hinode-mura, Nishitama-gun (Okuno-mura) [Nishinoiri (7o A)]
v (on)

Katsuboyama (BZ1l1); Ome-shi (Okuno-mura, Nishitama-gun) [Hosoo (#iE)]
HiEW (A2 EMRAEN) '
Itsukaichi (FHTi); Itsukaichi-machi, Nishitama-gun 7§% EE#} % H thH]
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Hida massif and Tamba zone [Ht]

Niigata Prefecture (ZFiEIR)

1. Omi (#¥); Omi-machi, Nishikubiki-gun PE¥EIRETEYEHT

2. Myojodake (BiEE); Itoigawa-shi (Kotaki-mura, Nishikubiki-gun) &Il (FETE
RER/INEERD)

3. Kotakigawa (/EJll); Itoigawa-shi (Kotaki-mura, Nishikubiki-gun) » (7 »)

Nagano Prefecture (E%2)

Ichinosawa (—»iR); Azumi-mura, Minamiazumi-gun FRBEREN

Iwanadome (%%); Azumi-mura, Minamiazumi-gun » »

Tokugotoge (fiA&lE); Azumi-mura, Minamiazumi-gun » »

Shimajima (& %); Azumi-mura, Minamiazumi-gun » »

Azusagawa (#£)I]); Azumi-mura-Azusagawa-mura, Minamiazumi-gun » %2

-RENIAS

9. Sawando (JR¥); Azumi-mura, Minamiazumi-gun » »

10. Utoyama (#E41&1l); Shiojiri-shi (Chikuma-mura, Higashichikuma-gun) ERH
(RN BERBSNEERT)

11. Yokokawa (#Jl]); Tatsuno-machi, Kamiina-gun (Kawashima-mura) {EBERE
B (HEH)

12. Kuwazawa (F&R); Tatsuno-machi, Kamiina-gun (Inatomi-mura) » » ({FHEHR)

13. Narai (ZE#); Narakawa-mura, Nishichikuma-gun FE5EEEME 4

14. Misogawa (BEM)I[); Kiso-mura, Nishichikuma-gun » Rk

15. Yabuhara (#/f); Xiso-mura, Nishichikuma-gun » ”

16. Agematsu (F#); Agematsu-machi, Nishichikuma-gun » 6T

Gifu Prefecture (lFEI5)

17. Kamitakara (£=); Kamitakara-mura, Yoshiki-gun EREV F5H

18. Hongo (&#f); Kamitakara-mura, Yoshiki-gun » »

19. Kunimiyama (EH{ilj); Kamitakara-mura, Yoshiki-gun »

20. Kurahashira (j#:); Kamitakara-mura, Yoshiki-gun » »

21. Moribu (F#); Nyukawa-mura, Ono-gun KEFERFMESIH

22. Arakigawa (35%)I]); Nyukawa-mura, Ono-gun » »#

23. Kamihirose (LA¥); Takayama-shi (Kokufu-mura, Yoshiki-gun) Hild (FHRED
ERH)

24. Kansaka (ffify); Kamitakara-mura, Yoshiki-gun HIREP LR

25. Sorayama (Zgil]); Kamitakara-mura, Yoshiki-gun » »

26. Fukuji (fj8#1); Xamitakara-mura, Yoshiki-gun » »

27. Ichinotani (—»n#); Kamitakara-mura, Yoshiki-gun » »

28. Osobudani (B#%4); Kamitakara-mura, Yoshiki-gun » »

29. Mizuyagadani (JKE#»%); Kamitakara-mura, Yoshiki-gun » »

30. Hirayu (£%); Kamitakara-mura, Yoshiki-gun » »

31. Ozu (K#); Nyukawa-mura, Ono-gun [Kute (AF)] KRFEFIHE)IH

32. Sote (®#3F); Nyukawa-mura, Ono-gun » »

33. Junigatake (4-=#&); Nyukawa-mura, Ono-gun »

34. Nakahata (f1/fi); Nyukawa-mura, Ono-gun » 7

35. Shiroi (H#); Nyukawa-mura, Ono-gun »

36. Gombo (##F); Nyukawa-mura, Ono-gun »

37. Kono (/’#); Nyukawa-mura, Ono-gun [Urita (JXH)] » »

38. Shioya (#5E); Takayama-shi (Ohachiga-mura, Ono-gun) gl (KREEAAEHR)

39. Kiyomi ({5H); Kiyomi-mura, Ono-gun KFEHE N

40. Oppara (KFE); Kiyomi-mura, Ono-gun »

41. Okuzumi (B{¥); Okumyogata-mura, Gujo-gun [Akiyama (BHi1)] ZEF EEFHREAAAR
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42.
43.
4.

45.
46.

47.
48.

49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.

71.
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Okumyogata (JRBEH5); Okumyogata-mura, Gujo-gun #Ef FEFRIFHR

Hachiman (jU%); Hachiman-cho, Gujo-gun [Shimadani (&)1 » J\IRE
Kuchibora ([jf); Hachiman-cho, Gujo-gun (Nishiwara-mura) » » (FEFIEA)
Akuda (A MH)¢ Hachiman-cho, Gujo-gun » »

Tominoho (ZZ{#); Mugi-mura, Mugi-gun (Tominoho-mura) BEEREN (BEZ2R
)

Mandokoro (J5Ff); Miyama-mura, Yamagata-gun (Kitayama-mura) [LIEFSE LR
Glailly )]

Funafuseyama (#3{R1l]); Miyama-mura, Yamagata-gun (Kitayama-mura) » »
«C 7))

Kanzaki (##i5); Miyama-mura, Yamagata-gun (Kitayama-mura) » » ( 7 )
Taniai (#4); Miyama-mura, Yamagata-gun (Taniai-mura) » » (BEH)
Samondake (£Ff&); Neo-mura, Motosu-gun AKEEER

Tokuyama (fl])¢ Tokuyama-mura. Ibi-gun $EZEERHE LA

Oya (#); Fujihashi-mura, Ibi-gun #EI3EETREER

Yokoyama (#il1); Fujihashi-mura, Ibi-gun » »

Tenguyama (KJgil]); Sakauchi-mura, Ibi-gun » ERHKN

Sakauchi (35%]); Sakauchi-mura, Ibi-gnn » »

Uoganeyama (F&ill); Neo-mura, Motosu-gun ABEREHR

Ishiyama (Fil1); Ono-machi, Ibi-gun $#F3REFAEFAT

Noharadani (¥5%); Kasuga-mura, lbi-gun » ZFHHK

Umetani (#§%); Tarui-machi, Fuwa-gun (Fuchu-mura) REEPEHE] (FHR)
Sasamata ({#X); Kasuga-mura, Ibi-gun $§3EEZEHA

Otaki (k#); Tarui-machi, Fuwa-gun (Iwate-mura) REEEFZEFAE] CEER)

Oishi (k7A); Tarui-machi, Fuwa-gun (Iwate-mura) » » ( 7 )

Kasuga (FH); Kasuga-mura, Ibi-gun [Kasukawa (CKiJI{)] #E2EEFAR

Akasaka (5F#R); Akasaka-machi, Fuwa-gun RESESFRIKE]

Matsuoyama (#4Rl); Sekigahara-machi, Fuwa-gun » B4 JEN]

Yoro (#3); Yoro-cho, Yoro-gun FEEZAEFZH]

Iwakurayama (F&ll); Sekigahara-machi, Fuwa-gun REEERES » R

Tokiyama (Ffilj); Kamiishizu-mura, Yoro-gun (Toki-mura) #EEI EREN (Fif)
Itoshiro (A#E); Shiratori-machi, Gujo-gun (ltoshiro-mura, Ono-gun, Fukui
Prefecture) B LAHEH (BHEXBHGHON)

Shimozaisho (TF#EfF); Shiratori-machi, Gujo-gun (Itoshiro-mura, Ono-gun,
Fukui Prefecture) » » (n v n)

Fukui Prefecture ({E#18)

72.
73.

74.
75.
76.

7.

8.
79.
80.

81.
82,
83.
84.

Otani (k%); lzumi-mura, Ono-gun (Kamianama-mura) KEFESFISEA (L7RER)
Nojiri (¥/); Izumi-mura, Ono-gun (Kamianama-mura) [Komukudani (/Mgig)]
mon (on )

Ashidani (%); Izumi-mura, Ono-gun (Kamianama-mura) » » ( #n )
Kamianama (F7¢E); Izumi-mura, Ono-gun (Kamianama-mura) » » ( 7 )
Isetoge (fF#i); Izumi-mura, Ono-gun (Kamiana-mura) [Makatoji (=% bo)]
noon (o)

Fujikuradani (#&7%); Ilzumi-mura, Ono-gun (Nishinotani-mura) » » (FHH
)

Akyu (fk#); Nishitani-mura, Ono-gun KEFEIFE AT

Motodo (47F); Nishitani-mura, Ono-gun » »

Nishitani (5§7); Nishitani-mura, Ono-gun [Ananori (7¢3), Kumokawa (Z][])]
14 1

Takura ($£B); Imajo-machi, Nanjo-gun (Takura-mura) E&ESEHE (ERAD)
Yunoo (BE); Imajo-machi, Nanjo-gun (Yunoo-mura) » » (BER)
Takakura (F#&); Imajo-machi, Nanjo-gun (Takura-mura) » » (EBH)
Nanjo (g§§4); Nanjo-gun »



85.
86.
87.
88.
89.
90.
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Imajo (£f); Imajo-machi, Nanjo-gun (Imajo-mura) E5&ERSHEH (5 HER)
Kochi (JAiRy); Mikata-machi, Mikata-gun (Nishida-mura) = HE=50 (FEEF)
Miyakawa (=JI[); Obama-shi (Miyakawa-mura, Onyu-gun) /MNETH GHEEE)IIN)
Aoi (%4); Obama-shi (Obama-machi, Onyu-gun) » (7 /NEH)

Kato (pp3}); Obama-shi (Kato-mura, Oi-gun) » (KREREEMIFD)

0i (kfiR); Oi-machi, Oi-gun KAREFAERET

Shiga Prefecture (g&inig)

91.

92.

93.

94.

95.

96.
97.

98.
99.

100.

101.

102.
103.

Mié
104.

105.

Deguchi (HA); Kinomoto-cho, Ika-gun (Sugino-mura) [Tsuchikura (+&)] #F
HARZAE (BEH)

Takayama (gl); Asai-machi, Higashiasai-gun (Kamikusano-mura) H&HAE
FET (LELEFR)

Otaniyama (/pN&[l); XKohoku-cho, Higashiasai-gun (Otani-mura) » #JtE] (h
a/arh)

Ashimatagawa (J£/2)I]); Ibuki-mura, Sakata-gun (Higashikusano-mura, Higashi-
asai-gun) [Anegawa (fiti)I)] REHGIKF (GURIRBHEIH)

Ttanami (#%3f); Ibuki-mura, Sakata-gun (Higashikusano-mura, Higashiasai-gun)
noun (moon)

Ibukiyama (f#¥Xl); Ibuki-mura, Sakata-gun » »

Yataka (3%); Ibuki-mura, Sakata-gun (Suisho-mura) [Iwasayama C(EF£L)]
moon (FRA)

Onogi (KEFA); Santo-cho, Sakata-gun (Kashiwabara-mura) »~ [UEH (FHER)
Kiyotaki (J#); Santo-cho, Sakata-gun (Kashiwabara-mura) [Manganji (JfEg
Y » v (v )

Samegai (#E#:); Maibara-machi, Sakata-gun (Samegai-mura) » REE (EEH
)

Ryozen (ZEfl); Taga-machi, Inukami-gun (Wakigahata-mura) K FEIZ B (>
JAERD)

Inukami (R F); Inukami-gun »

Ibaragawa (%JI); Eigenji-mura, Kanzaki-gun (Higashiogura-mura, Echi-gun)

PHBTER RSN (GEAET/MRAD)

Prefecture (ZEHH)
Kurakaketoge (###l:); Fujiwara-mura, Inabe-gun (Nishifujiwara-mura) EB#
EOREEA (FEREE A

Fujiwaradake (BFE); Fujiwara-mura, Inabe-gun (Higashifujiwara-mura)

n (CREEE D)

"

Kyoto Prefecture (3ZLiT)

106.
107.
108.
109.
110.
111.

112.
113.

Kurama (#i5); Kita-ku, Kyoto-shi (Kurama-mura, Otagi-gun) FH#HILX (F&
ARERIEAY)

Kumogahata (Z#); Kita-ku, Kyoto-shi (Kumogahatake-mura, Otagi-gun) »
n (BEEsEN)

Iwakura ((B8); Kita-ku,jKyoto-shi (Iwakura-mura, Otagi-gun) » » (B&H
HEAR)

lchihara (fifE); Kita-ku, Kyoto-shi (Shizuichino-mura, Otagi-gun) » » (&
BRI

Sonobe (E#); Sonobe-machi, Funai-gun FH-ERELRET

Shinmito (#7/KkF); Tamba-machi, Funai-gun (Takeno-mura) » ¥R (FTEA)
Nishiyama (7g(l]); Ukyo-ku, Kyoto-shi =#fHARK

Nishibetsuin (FgHBz); Kameoka-shi (Nishibetsuin-mura, Minamikuwada-gun)
amT (EREATERIBR)
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Osaka Prefecture (KERT)

114.

115.
116.

117.
118.

Meigetsutoge (£ HIk); Nose-machi, Toyono-gun (Nishinose-mura) [Osakatoge
GE&IRIR)] BEERTRERAT (FEREE)

Nosé (fg#); Nose-machi, Toyono-gun (Nishinose-mura) » » ( » )
Tano (HEE); Takatsuki-shi (Takatsuki-machi, Mishima-gun) [Izuruha (HX)]
BT (S5 HE)

Takatsuki (Z#); Takatsuki-shi (Takatsuki-machi, Mishima-gun) » (» )
Mino (%7 ); Mino-shi (Mino-mura, Toyono-gun) %7 (BEERERAN)

Hyogo Prefecture (JTEIE)

119.
120.
121.
122,
123.
124.
125.

Furue (#%71); Kawanishi-shi (Tada-mura, Kawabe-gun) JI[FETH (JIFZERL HAY)
Tada (£H); Kawanishi-shi (Tada-mura, Kawabe-gnn) v (o n o)
Taki (£#); Taki-machi, Taki-gun ZZESCET

Sasayama (j|l)); Sasayama-machi, Taki-gun » L]

Manajo (®F§4:); Tannan-cho, Taki-gun (Jonan-mura) »~ FIEEH (GRER)
Ikuno (4:%); lkuno-machi, Asako-gun F>R#ARLEFHE]

Kametsubo (&3¥); Fukuzaki-machi, Kanzaki-gun (Tahara-mura) #ifEl{E65HET
(HER)

Inner zone of Southwest Japan [Swi]

Maizuru zone

Fukui Prefecture ({EHIR)

1.

Takarao (£E); Takahama-machi, Oi-gun KERENE =T

Kyoto Prefecture (FE)

2.
3.

4.
5.
6.

©®=A

11.

Maizuru (); Maizuru-shi [Oura (KiE¥H)] E@T

Shidaka (£%&); Maizuru-shi (Okadashimo-mura, Kasa-gun) [Shimomitani (T
RA)] BET (InEERE T

Hatta (jUH); Ayabe-shi (Nishihztta-mura, lkaruga-gun) & (AEEELFE /CHEAD)
Komori (jij5f); Oe-machi, Kasa-gun (Komori-machi) jaEEIAVLE] (RISPE])
Kawahigashi (jij#); Oe-machi, Kasa-gun (Kawahigashi-mura) [Katsuradani (&
®m]1 o GUER)

Oe (KiT); Oe-machi, Kasa-gun r» »

Gujo (AH); Oe-machi, Kasa-gun (Kawanishi-mura) » » (A7)
Kawanishi (jAgg); Oe-machi, Kasa-gun (Kawanishi-mura) » » ( » )
Nukada (48H); Yakuno-machi, Amada-gun (Shimoyakuno-mura) FKEEKEAEH]
(FEAEH)

Chihara (FJf); Yakuno-machi, Amada-gun (Shimoyakuno-mura) » » ( 7 )

Hyogo Prefecture (JTEEE)

12.
13.

14.

15.
16.
17.
18.
19.

Hikami (k); Hikami-machi, Hikami-gun 3 _-#FK EET

Nakayashiro (F5/\f8); Asako-machi, Asako-gun (Yamaguchi-mura) Ei3ERASEHE]
aaH)

Miharaiyama (f#kil1); Oya-machi. Yabu-gun (Kuchioya-mura) FHXECKER (O
KEH)

Oya (KE); Oya-machi, Yabu-gun (Oya-mura) » » (CKEBH)

Minamitani (§§4); Oya-machi, Yabu-gun (Minamitani-mura) » » E&F)
Surugamine (FH®4%); Oya-machi, Yabu-gun (Minamitani-mura) » » ( » )
Akenobe (BiiE); Oya-machi, Yabu-gun (Minamitani-mura) » » ( » )
Kuratoko (&JEK); Ichinomiya-machi, Shiso-gun (Hansei-mura) SREEF—EH] (%
BEAT)



20.
21.
22.
23.
24.
25.
26.
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Tuchi (#pPg); Ichinomiya-machi, Shiso-gun (Hansei-mura) s2ZEEf—=HT (BEH)
Yokoyama (#4[l}); Ichinomiya-machi, Shiso-gun (Hansei-mura) » » ( » )
Mikata (=7); Ichinomiya-machi, Shiso-gun (Mikata-mura) » » (EHK)
Hijima (£:7%); Yamazaki-machi, Shiso-gun (Hijima-mura) » [JiGHE (+-5R)
Yamazaki (|Jif5); Yamazaki-machi, Shiso-gun » »

Mikazuki (=H JF); Mikazuki-machi, Sayo-gun {£EREE=H HH

Yokozeki (#%B8); Himeji-shi iEp&kH

Okayama Prefecture (jf[LI2)

27.
28.
29.

30.

Kose (Ei#); Mimasaka-machi, Aida-gun (Kose-mura) FHZEE/EHR] (B
Fukumoto (%) ; Aida-machi, Aida-gun (Fukumoto-mura) » IEEE] EEM)
Dodo (F 4); Yanahara-machi, Kume-gun (Kitawake-mura, Katsuta-gun) Z¥EE
ST (BSEACHLFORAD)

Kanagawa (&]ll); Mitsu-machi, Mitsu-gun (Kanagawa-machi) FEEEERE (&
JIED)

Chugoku massif
Okayama Prefecture ([@L1E)

31.
32.
33.
34.
35.
36.
37.
38.
39.

40.
41.
42.
43.

44.
45.

46.
47.
48.
49.

50.
b1.

52.
53.

Azai (¥%#%); Hokubo-cho, Jobo-gun (Azai-machi) FEEFILER (L2

Nagoe (%#8); Niimi-shi (Toyonaga-mura, Atetsu-gun) ¥R CTHEEXH)
Mitsudo (J¢#); Niimi-shi (Toyonaga-mura, Atetsu-gun) » (v 1)

Maki (§£); Niimi-shi (Toyonaga-mura, Atetsu-gun) » ( » rn)

Kanikawa (%JI|); Hokubo-cho, Jobo-gun (Nakatsui-mura) FEIILE (FaEHtR)
Sabushi ({£48); Niimi-shi (Toyonaga-mura, Atetsu-gun) ¥R (FEERE KR
Terauchi (FR); Niimi-shi (Toyonaga-mura, Atetsu-gun » (» n )
Kodani (/h4y); Niimi-shi (Toyonaga-mura, Atetsu-gun) » (» 1)
Toyonaga (#7); Niimi-shi (Toyonaga-mura, Atetsu-gun) [Iwamoto (&7&)]
Cn n)

Shoyama (iE(l}); Niimi-shi (Toyonaga-mura, Atetsu-gun) » (v n )
Yukawa (BJI[); Niimi-shi (Kusama-mura, Atetsu-gun) » (r ZER§H)
Ishiga (%) ; Niimi-shi (Ishigasato-mura, Atetsu-gun) » (r GETH)
Fukiya (xE); Nariwa-machi, Kawakami-gun (Fukiya-machi) JI|-EERBET (¥R
Ef)

Uji (3238); Takahashi-shi (Uji-mura, Kawakami-gun) E21H (| EEFEM)
Hane (CP#1); Nariwa-machi, Kawakami-gun (Naka-mura) [Nakamura (F143)]
JULEESEHET  (FRA)

Nariwa (583); Nariwa-machi, Kawakami-gun JI|_FE{5PHET

Oga (k#%); Kawakami-machi, Kawakami-gun (Oga-mura) JI| FE)I| EE] (RER)
Fuka (E%); Bitchu-machi, Kawakami-gun (Fuka-mura) J[| EEMERE (EFRH)
Koyama (&1l); XKawakami-machi, Kawakami-gun (Koyama-mura) Ji| EZR)I LT
(& 1A

Kurohagi (8#k); Bisei-cho, Oda-gun (Hinosato-mura, Kawakami-gun) /NHAEFE
EH] (1 LERH BH)

Mihara (=J&); Yoshii-machi, Shitsuki-gun (Mihara-mura) % JE%EHET CEEH)
Hina (HE); Yoshii-machi, Shitsuki-gun (Kyowa-mura) » » (GLFIf)
Yoshii (##); Yoshii-machi, Shitsuki-gun » »

Hiroshima Prefecture (1 &I8)

54.

55.
56.
57.

Uyama (32l)); Tojo-machi, Hiba-gun (Taishaku-mura) [Higashiuyama (HZ[),
Nishiuyama (FF(D] HERRHEEE GFRA)

Maedani (§i4); Tojo-machi, Hiba-gun (Taishaku-mura) HZEEFHIRE (GFRR)
Tameshige (&E); Tojo-machi, Hiba-gun (Kushiro-mura) » » (ARA)
Miharano (ZJE¥®) [=Miharanoro}; Tojo-machi, Hiba-gun (Kushiro-mura) r
no(Con)
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58.

59.

60.
61.

62.

63.

65.

66.

G6A.

67.

67A.

68.
69.
70.
71.
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Yasumoto ({£55); Tojo-machi, Hiba-gun (Taishaku-mura) [Idaniyama (&5 (l)]
HEEEIRE GERA)
Taishaku (#%&); Tojo-machi, Hiba-gun (Taishaku-mura) [Eimyoji GkBE3F),
Notabiyama (FiiUn] » » ( » )
Dangyokei (¥i##8); Tojo-machi, Hiba-gun (Taishaku-mura) » » ( 7 )
Unada (E=#H); Tojo-machi, Hiba-gun (Shinsaka-mura, Jinseki-gun) » »
(L ENFTRAD
Yamano (1j%); Kamo-machi, Fukayasu-gun (Yamano-mura) ZEZEEIKAT (L%
o)
Kotohara (E)5); Kamo-machi, Fukayasu-gun (Yamano-mura) » » ( »n )
Yakawa (&)JI]); Kamo-machi, Fukayasu-gun (Yamano-mura) » »# ( » )
Kobatake (/hg); Sanwa-machi, Jinseki-gun (Kobatake-mura) fEEF=FIH] (/Mg
)
Joé (i) ; Sanwa-machi, Jinseki-gun (Kami-mura) » » (kR

Yuki (JiA); Yuki-machi, Jinseki-gun » jHRHE]
Kurome (RH); Soryo-machi, Konu-gun (Ryoke-mura) FRREFEIHE] (GEFM

Kuregatoge (&/#rik); Jinseki-cho, Jinseki-gun (Fukunaga-mura) faERAHE]
(&)
Fuchu (ff); Fuchu-shi (Fuchu-machi, Ashina-gun) M (B RESRFHET)
Karita (MMA); Yachiyo-machi, Takata-gun (Karita-mura) & HERVFRE CWEFR)
Yoshiwa (Ff1); Yoshiwa-mura, Saiki-gun {£{REREFIN
Hosomidani (#1Z#); Yoshiwa-mura, Saiki-gun » »

Shimane Prefecture (E#E)

72.

73.

4.

Nichihara (H[®); Nichihara-machi, Kanoashi-gun (Nichihara-mura) EEEHE

H (BEH)
Sasagatani (#%); Tsuwano-machi, Kanoashi-gun (Hatasako-mura) » M

B CHHiEfY)

Hatagasako (#f;#); Tsuwano-machi, Kanoashi-gun (Hatasako-mura) » » ()

Yamaguchi Prefecture (|LHIE)

75.
76.
7.
78.
79.

80.
81.
82.
83.
84.
85,
86.
87.
88.

89.

90.
91.
92.

93.
9.

Koda (#MH); Ato-cho, Abu-gun (Kane-mura) [Izuto (H{F)] b aRART sl (FEERD)
Kane (F4); Ato-cho, Abu-gun (Kane-mura) » » ( v )

Zomeki (FH®Z); Ato-cho, Abu-gun (Ikumo-mura) » » (HEZH)
Hirawarabi (£f%); Fukue-mura, Abu-gun (Fukugawa-mura) » E3H (GE/IH)
Handa (34¢[H); Fukue-mura, Abu-gun (Fukugawa-mura) [Mugitani GE#®)] »
v (or)

Ikadaba (%3£); Kawakami-mura, Abu-gun » JI| k4

Kyodoko (FifF); Kawakami-mura, Abu-gun » ”

Aratani (7%%); Yamaguchi-shi (Miyano-mura, Yoshiki-gun) AT (FEREETH)
Suzumiyama (J5i[l)); Yamaguchi-shi (Miyano-mura, Yoshiki-gun) » (» » )
Miyano (E%); Yamaguchi-shi (Miyano-mura, Yoshiki-gun) » ( # )
Kaerimizu (Jg97k); Mito-cho, Mine-gun (Akago-mura) ZEVEFEEE GREBH)
Katada (82[); Shuho-cho, Mine-gun (Beppu-mura) » FKFEHE (GURFAD
Kawarakami (G t); Shuho-cho, Mine-gun (Beppu-mura) » » ( n )
Serita (7#H); Shuho-cho, Mine-gun (Beppu-mura) [Sambonmatsu (=F&#)] »
v (o)

Ryugenji (#%); Miné-shi (Ofuku-mura, Mine-gun) £33 (CGERERER)
Ofuku (A78); Miné-shi (Ofuku-mura, Mine-gun) » (v »)

Dai (#); Toyoda-machi, Toyora-gun (Nishiichi-machi) #}HEFEHEE] (FEHHE)
Maki (EX); Miné-shi (Omine-machi, Mine-gun) [Tsutsumi (32)] 53T CEWES
REEH])

Tsunemori (¥%%); Miné-shi (Omine-machi, Mine-gun) » (» )

Shiraiwa (H%); Miné-shi (Omine-machi, Mine-gun) » (v )



95.
96.
97.

98.
99.
100.
101.
102.
103.

The Fusulinacean Zones of Japan 205

Aigyo (#847); Miné-shi (Omine-machi, Mine-gun) EJrH CEWELKREE)

Oda [=0ta] (KH); Mito-cho, Mine-gun (Oda-machi) EIREIEHE (KHHE)
Tobinosu (E¥); Mito-cho, Mine-gun (Oda-machi) [Okubo (KAM)] EVREFERHET
(CKHEE])

Tsuzumigatake (8i4&); Mito-cho, Mine-gun (Oda-machi) » » ( » )
Yaegahara (AEE); Shuho-cho, Mine-gun (Akiyoshi-mura) » FEH (FKERD
Akiyoshi (fk%); Shuho-cho, Mine-gun (Akiyoshi-mura) » » ( » )
Aratakiyama (5ifEll); Kusunoki-cho, Asa-gun (Kibe-mura) ERREVERT (FHA)
Futagami (—#); Mine-shi (Isa-machi, Mine-gun) ZE¥rd7 (EVREMBEYERT)

Isa (ff#£); Mine-shi (Isa-machi, Mine-gun) » (» n)

Fukuoka Prefecture ({E[IE)

104.
105.

Aohama (Fix); Moji-ku, Kitakyushu-shi (Moji-shi) JbFAMMFREIR (FIRITH)
Tokuriki (f#)); Kokura-ku, Kitakyushu-shi (Kokura-shi) » /NERK (NETH)

Quter zone of Southwest Japan [Swo]

Shizuoka Prefecture (#:[Hl2)

1.

2.

Miyakoda (#H); Hamamatsu-shi (Miyakoda-mura, Inasa-gun) E#ATE (GUHEEES
B
Iinoya (H:f#4); Inasa-machi, Inasa-gun (Iinoya-mura) B{EEFS#EH] (GHEARD)

Mié Prefecture (=FH}H)

3.

D

14.

15.
16.
17.

18.
19.

Kamishima (#§); Toba-shi (Kamishima-mura, Shima-gun) E¥#d GEEEHER)
Ise (f##4); Ise-shi (Ujiyamada-shi) ST (FRILETT)

Omurajima (KftE); Toba-shi (Kagamiura-mura, Shima-gun) ENd GEEEREHIE
5]

Iwakura (&#&); Toba-shi (Kamo-mura, Shima-gun) [Kochi Gaipy)] » (» juBkd)
Aomine (FHilg); Toba-shi (Kamo-mura, Shima-gun) » (» n)

Isobe (3%%R); Isobe-machi, Shima-gun (Isobe-mura) HEEEFEEIRET (BT
Koraihiro (HEJ.); Ise-shi (Ujiyamada-shi) $#7 (GEBILETH)

Kirihara (§J&); Nansei-cho, Watarai-gun (Gokasho-mura) BEE<SEFESSMT (F & FAD
Izumimura (GR4}); Nansei-cho, Watarai-gun (Kambara-mura) » » (GHEHR)
Yokowa (##); Ise-shi (Numaki-mura, Watarai-gun) H#77 (BLSEEAR)
Ryusenzan (FEfll)); Nansei-cho, Watarai-gun (Gokasho-mura) FESERERE] (&
Zit))

Ogawago (/NI#B); Watarai-mura, Watarai-gun (Ogawago-mura) » 2K (h
JTSER)

Ichinose (—m§f); Watarai-mura, Watarai-gun (Ichinose-mura) » » (—Z )
Nakamura (#F1F}); Watarai-mura, Watarai-gun (Ichinose-mura) » » ( 7 )
Nomisaka (fERIR); Nanto-cho, Watarai-gun (Nakajima-mura) » ®EE (B
)

Aso (f7&); Omiya-machi, Watarai-gun (Takihara-mura) » KEH GEEN)
Osugidani (k#4); Miyagawa-mura, Taki-gun (Osugidani-mura) £ZEFE/I4
(KA

Nara Prefecture (£HIH)

20.
21.
22.
23.
24.

Seto (#f~); Kawakami-mura, Yoshino-gun EBE/ Lk

Kotako (F%#); Kawakami-mura, Yoshino-gun FEEBI LA
Shiroyadake (HEBEL%); Kawakami-mura, Yoshino-gun » »
Gyojagaeri (47#%); Tennokawa-mura, Yoshino-gun » FJI|K
Nishiyoshino (P§%%7); Nishiyoshino-mura, Yoshino-gun » @WHEEHHR
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Wakayama Prefecture (fi8xiLI12)

25.
26.
27.
28.
29.
30.

31.
32.

33.
34.

35.
36.

Koyasan (F%(); Koya-machi, Ito-gun BHRERE EFE

Hosokawa (fi)il); Koya-machi, Ito-gun » »

Onishi (k76); Kanaya-machi, Arita-gun (Sashiki-mura) HHEISEHE (FEEEHR)
Awao (3E4); Kanaya-machi, Arita-gun (Iwakura-mura) r» » (EH&HR)
Itogawa (#%JIl); Kanaya-machi, Arita-gun (Ishigaki-mura) » » (FHEKN)
Minoshima (&5); Arita-shi (Minoshima-machi, Arita-gun) [Otokoura (5] A&
H (FHASEEE)

Hota (f£MH); Arita-shi (Hota-mura, Arita-gun) FH| (HHIMEAR)

Ukiishi (7%A); Yuasa-machi, Arita-gun (Hota-mura) [Kirisaki (&i&)] EHENGER
HT (fREARD)

Yuasa (B#); Yuasa-machi, Arita-gun FHEBEET

Ena (#%%); Yura-machi, Hidaka-gun (Ena-mura) [Hokaji (Z:#%)] HEEHBE
(RER)

Shirasaki (Hi%); Yura-machi, Hidaka-gun (Shirasaki-mura) » » (HER)
Yura (38); Yura-machi, Hidaka-gun (Yura-mura) » » (HEH)

Tokushima Prefecture (f§515)

37.

38.

39.
40.
41.
42.
43.
44.
45.
46.

47,
48.
49.
50.

b1.
52.
53.
54.

55.
56.

Ten’nodani (REZA); Komatsushima-shi (Komatsushima-machi, Katsuura-gun)
NABTE (BERAIMARE)

Yokose (#5#§); Katsuura-machi, Katsuura-gun (Yokose-machi) BSIHEERBEIEET (B5EE
)

Kusune (f#); Anan-shi (Kamodani-mura, Naka-gun) g7 (GREESINERK)
Fukase (Z£¥f); Anan-shi (Kamodani-mura, Naka-gun) » ( » » )
Kamodani (jnE%74); Anan-shi (Kamodani-mura, Naka-gun) » ( » »n )
Daigo (B ; Anan-shi (Kamodani-mura, Naka-gun) » ( » rn )
Wakasugi (##); Anan-shi (Kamodani-mura, Naka-gun) » ( » n )

Otai (KH#); Anan-shi (Kamodani-mura, Naka-gun) » ( » v )

Umaji (Big); Aioi-machi, Naka-gun (Aioi-mura) IEEFHELER (FHEFR)
Fukuhara (f8/&F); Xamikatsu-machi, Katsuura-gun (Fukuhara-mura) BEIEER LR
0 (BEN)

Yaeji (AE#H#); Kamikatsu-machi, Katsuura-gun (Fukuhara-mura) » » ( » )
Takano (F¥); Kisawa-mura, Naka-gun (Sawadani-mura) FEEARRN (REN)
Sawadani (jR%); Kisawa-mura, Naka-gun (Sawadani-mura) » » ( » )
Sakuradani (4); Kaminaka-cho, Naka-gun (Miyahama-mura) » FHEH (B
EH)

Miyahama (=ix); Kaminaka-cho, Naka-gun (Miyahama-mura) » » ( 7 )
Hisone (]2%#); Xaminaka-cho, Naka-gun (Miyahama-mura) » » ( » )
Haigyu (3£%); Kaminaka-cho, Naka-gun (Miyahama-mura) » » ( 7 )
Sakashu (M) ; Kisawa-mura, Naka-gun (Sakashukito-mura) » ZRKIRF GRM
ARTER)

Ottate (GBy7); Kisawa-mura, Naka-gun (Sakashukito-mura) » » ( » )
Kenzan (#]i)); Kisawa-mura, Naka-gun (Sawadani-mura) » » RZEF)

Kochi Prefecture (EHIE)

57.

58.
59.

60.
61.

62.

Nurui (E#); Monobe-mura, Kami-gun (Kaminirao-mura) [Donooka (& [H)]
FEEYHN (LIEEN)

Kambayama (#ji5il); Monobe-mura, Kami-gun (Kaminirao-mura) » » ( 7 )
Gozaishoyama (##E7511); Monobe-mura, Kami-gun (Zaisho-mura) ZFHEEHIN
(FEFTH)

Taniai (8#8); Kahoku-machi, Kami-gun (Zaisho-mura) » FILE (FEFN)
Miyanokuchi (5»[1); Tosayamada-machi, Kami-gun (Kataji-mura) » Z£4Ell
HE] (FrHd)

Aritani (54); Tosayamada-machi, Kami-gun (Saoka-mura) [Saoka ({£f{)] »
n (FERR)



63.
64.

65.

66.

67.

68.
69.

70.
71.
2.
73.

4.
75.

76.
7.
8.
79.

80.
81.

82.
83.
84.
85.
86.

87.
88.
89.
90.
91.
92.
93.
9.
95.
96.
97.
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Sambosan (=5z1l]); Noichi-machi, Kami-gun ZE3EEREFHTH]

Yasuba (tk#); Tosayamada-machi, Kami-gun (Shinkai-mura, Nagaoka-gun)
FELEET (SRRSO

Shinkai (%) [=Shingai]l; Tosayamada-machi, Kami-gun (Shinkai-mura, Naga-
oka-gun) » » (r n)

Kameiwa (#%); Nangoku-shi (Kameiwa-mura, Nagaoka-gun) BHET (EMEISE
¥)

Shirakidani (HK%); Nangoku-shi (Agekura-mura, Nagaoka-gun) » (r I&
)

Tosayama (+{£[l]); Tosayama-mura, Tosa-gun SFeET-L % LA

Kamiyakawa (E/UI]); Gohoku-mura, Agawa-gun (Kamiyakawa-mura) =E|||E#E
JER (EAUIRD

Shogase (B4E¥E); Ino-machi, Agawa-gun (Mitsuse-mura) » FHEFE (ZFER)
Ishimi (FK); Ino-machi, Agawa-gun (Mitsuse-mura) » » ( »n )

Kamoike (f8#); Hitaka-mura, Takaoka-gun (Notsu-mura) FREEERN GEER)
Shimoyakawa (F/UJ[[); Gohoku-mura, Agawa-gun (Shimoyakawa-mura) & JI|E]
B CFAUIAD

Asao (£E); Sakawa-machi, Takaoka-gun (Kuroiwa-mura) EREME/IE (REHN)
Yokobatake (#%5); Ochi-machi, Takaoka-gun (Yokobatake-mura, Agawa-gun)
[Donooka (i)l » BEE (FJIEEEN)

Notsu (ft#); Hitaka-mura, Takaoka-gun (Notsu-mura) EHFEHER GeERD)
Ishida (FMH); Hitaka-mura, Takaoka-gun (Kusaka-mura) » » (B FH)
Inomine (Ffm%); Hitaka-mura, Takaoka-gun (Kusaka-mura) » » ( » )
Nagatake (£#47); Sakawa-machi, Takaoka-gun (Kamo-mura) [Takaoka (Ff#)]
n I ()

Koike (/hih); Sakawa-machi, Takaoka-gun » »

Shimoyama (TF[l); Sakawa-machi, Takaoka-gun [Ichinose (fi}if), Yamamba (|l
B » o«

Sakawa (#£)1]); Sakawa-machi, Takaoka-gun » »

Katsura (¥); Sakawa-machi, Takaoka-gun » »

Togano (3}%H); Sakawa-machi, Takaoka-gun (Togano-mura) » » CLEBK)
Kokuzosan (FZEikil); Tosa-shi (Heba-mura, Takaoka-gun) 44£1 (BRAEERMN)
Yokokurayama (B&(ll); Ochi-machi, Takaoka-gun (Ogiri-mura) EREFREE (K
EEND)

Sanokuni (#£mH); Ochi-machi, Takaoka-gun (Ogawa-mura) » » (BJIF)
Kuki (A%); Niyodo-mura, Takaoka-gun (Befu-mura) » {3 (B
Matsuo (#A®); Niyoda-mura, Takaoka-gun (Befu-mura) » » ( » )
Kaminogo (L »4%f); Higashitsuno-mura, Takaoka-gun » HHEEK

Otoda (KFH); Yuzuhara-mura, Takaoka-gun » BEHR

Ochimen (#417); Yuzuhara-mura, Takaoka-gun » 7

Yuzuhara ($%/&%); Yuzuhara-mura, Takaoka-gun [Ozodani (BF#&)] » »
Uwanaro (k5%); Yuzuhara-mura, Takaoka-gun » »

Omodani (3%4); Yuzuhara-mura, Takaoka-gun » »

Rokucho (AH]); Yuzuhara-mura, Takaoka-gun » »

Tsubonata ($EFHE); Yuzuhara-mura, Takaoka-gun » »

Ehime Prefecture (Ff2H)

98.
99.
100.

101.
102.
103.

Yanadani (#/%); Yanadani-mura, Kamiukena-gun EE/REMIAH

Nakakubo (14 {#); Yanadani-mura, Kamiukena-gun » »

Onogahara (kK¥f/E); Shirokawa-machi, Higashiuwa-gun (Ukena-mura, Kami-
ukena-gun) FFEFEGR/AT (EEERN)

Onji ((B#h); Shirokawa-machi, Higashiuwa-gun (Doi-mura) » » (+3#H)
Kurosegawa (Z¥g/1l); Shirokawa-machi, Higashiuwa-gun (Doi-mura) » » (n)
Itadorigawa (iRHUI]); Shirokawa-machi, Higashiuwa-gun (Doi-mura) » » (n)
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104.
105.

106.

107.

108.

109.
110.

111.

112.
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Doi (+f8); Shirckawa-machi, Higashiuwa-gun (Doi-mura) HHFERESR/IET (£EH)
Takagawa (&)JI); Shirokawa-machi, Higashiuwa-gun (Takagawa-mura) » »
=Ars)

Kaibuki (B#%); Nomura-machi, Higashiuwa-gun (Kaibuki-mura) » BNE] (A
A

Uonashi (#5%); Shirokawa-machi, Higashiuwa-gun (Uonashi-mura) » $R%JI[AT
(FUBRAD)

Nomura (5#); Nomura-machi, Higashiuwa-gun [Takenouchi (ff»®)] » &
L]

Nizashi (#f#]); Nomura-machi, Higashiuwa-gun » »

Shirodani (PHERA); Nomura-machi, Higashiuwa-gun (Tanosuji-mura) » » (H
ZHERD

Itagatani (#x>7); Uwa-machi, Higashiuwa-gun (Shimouwa-mura) » EFE]

(TR
Yawatahama (jUE#); Yawatahama-shi

Oita Prefecture (K4E)

113.

114.

115.
116.

117,

118,

Hodojima (f#=4); Tsukumi-shi (Hodojima-mura, Kitaamabe-gun) #A R (b
RS B

Tsukumi (@A R); Tsukumi-shi (Tsukumi-machi, Kitaamabe-gun) ” (n
AR

Meiji (BB¥8); Yayoi-mura, Minamiamabe-gun (Meiji-mura) Bg¥gEERErsrEN HEBR)
Chin’nanzan (g5l ; Tsukumi-shi (Tsukumi-machi, Minamiamabe-gun) AR
i (FEEEERAERARAT)

Kawanobori (JI[%); Notsu-machi, Ono-gun (Kawanobori-mura) KEFEREFHRE] (JI[&
)

Katauchi (§'H); Honjo-mura, Minamiamabe-gun (Imbi-mura) E¥SE4AER (B
B

Miyazaki Prefecture (EifE)

119.

120.
121.

122.
123.

124,
125.

126.
127.
128.
129.

130.
131.

Toroku (+2/&); Takachiho-machi, Nishiusuki-gun (Iwato-mura) PHFHKEETHE
H GBEFRD)

Uemura (E#f); Takachiho-machi, Nishiusuki-gun (Iwato-mura) » » ( » )
Sankasho (Z=#7); Gokase-machi, Nishiusuki-gun (Sankasho-mura) » FL4 }EET
(E )

Kagamiyama (§%[l); Gokase-machi, Nishiusuki-gun (Sankasho-mura) » » ()
Gion’yama FREl); Gokase-machi, Nishiusuki-gun (Kuraoka-mura) » » (§#
fAY)

Yurugidake (3%5); Gokase-machi, Nishiusuki-gun (Kuraoka-mura) » » ( 7 )
Tonegoyama (F/Ilil}); Gokase-machi, Nishiusuki-gun (Sankasho-mura) » »

ETFR)

Ogawa (\I)); Gokase-machi, Nishiusuki-gun (Kuraoka-mura) » » (&)
Kiaiya (R&E); Gokase-machi, Nishiusuki-gun (Kuraoka-mura) » » ( 7 )
Nakazaki (i) ; Shiiba-mura, Higashiusuki-gun HFMEIHEZER

Namigaeri (/R v); Gokase-machi, Nishiusuki-gun (Kuraoka-mura) PEFIMFERE &
T (BRI

Shiraiwayama (H#51); Shiiba-mura, Higashiusuki-gun $EI#EHERER
Mimikawa (FJI|); Shiiba-mura, Higashiusuki-gun » »

Kumamoto Prefecture (88Z<IR)

132.

133.
134.

Yuzuruha (E##%); Seiwa-mura, Kamimashiki-gun (Mamihara-machi, Aso-gun)
ERSRATERON (FTERECS RURAT)

Mizukoshi (Zk#®); Mifune-machi, Kamimashiki-gun » ffaa7

Odao (MHE); Chuo-son, Shimomashiki-gun (Toshine-mura) TERETPRAN (CEIR
)



135.
136.

137.
138.
139.

140.

141.

142.

143.

144,
145.
146.
147.
148.
149.
150.
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Tobiishi G&7); Izumi-mura, Yatsushiro-gun (Kakisako-mura) /A REBSEMN ik
Yayamadake (&£[UE); Izumi-mura, Yatsushiro-gun (Shimodake-mura) » »
(FER)

Shimodake (T{); Izumi-mura, Yatsushiro-gun (Shimodake-mura) » » ( r )
Kakisako (i) ; Izumi-mura, Yatsushiro-gun (Kakisako-mura) » » (HiE#)
Kukino (AAKH¥); Toyo-cho, Yatsushiro-gun (Kawamata-mura) » HEBEHE [HER
)]

Ryuhozan (#Z(l)); Yatsushiro-shi (Ryuho-mura, Yatsushiro-gun) AR (GURES
EE)

Hashirimizu (f7K); Sakamoto-mura, Yatsushiro-gun (Shimomatsukuma-mura)
TRERRAN (FHARERRD)

Kozaki (/M) ; Sakamoto-mura, Yatsushiro-gun (Shimomatsukuma-mura) » »
C»r)

Yonagu (5%s/A); Sakamoto-mura, Yatsushiro-eun (Kudaragi-mura, Ashikita-gun)
noon (FEILEPE B

Futami (—R); Yatsushiro-shi (Futami-mura, Ashikita-gun) AR FEILEI= AR
Ohira (k3); Yatsushiro-shi (Futami-mura, Ashikita-gun) nwo (o)
Shizo (MbjEf); Kuma-mura, Kuma-gun (Koonose-mura) IREEZEIEREN (GHMEH)
Ebirase (#§#f); Kuma-mura, Kuma-gun (Koonose-mura) » » ( n )
Koonose (#1}#); Kuma-mura, Kuma-gun (Koonose-mura) » n» ( »n )
Yoshio (FER); Ashikita-machi, Ashikita-gun (Yoshio-mura) FTJLEFEILET (FEMRD)
Amatsuki (KXA); Ashikita-machi, Ashikita-gun (Ono-mura) » » (KBH)
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Alphabetical index of locality names

Adoyama (Kw 6): 7 Kl
Agematsu (Ht 16): F#
Aigyo (Swi 95): #H{T
Aizawa (Kw T): &R
Akasaka (Ht 65): FRiR
Akenobe (Swi 18): BHIE
Akiyoshi (Swi 100) : $k% -
Akka (Ka 1): &RFR
Akuda (Ht 45): ZEAH
Akyu (Ht 78): #ki&
Amatsuki (Swo 150): K5
Ananori (Ht 80): 7tvs
Anegawa (Ht 94): 1@i)l]
Aohama (Swi 104) : HiE
Aoi (Ht 83): #Hit:

Bukosan (Kw 30): #RHE

Chihara (Swi 11): F&E
Chin’nanzan (Swo 116) : #5511

Dai (Swi 91): &

Daido (Ka 17): Xif

Daigo (Swo 42): BBl
Dangyokei (Swi 60): Krfia
Deguchi (Ht 91): HQO

Ebirase (Swo 147): Hi¥
Eimyoji (Swi 59): kA%

Fuchu (Swi 68): Ffe
Fujikuradani (Ht 77): HEAES
Fujiwaradake (Ht 105): BEE
Fuka (Swi 48): &Ex

Fukase (Swo 40): ¥Eig

Fukiya (Swi 43): WE
Fukuhara (Swo 46): #HEE

A

Aomine (Swo 7): FHi&
Arakigawa (Ht 22): FEE/II
Aratakiyama (Swi 101): FemEl
Aratani Swi 82): FE&
Aritani (Swo 62): HH
Asakaido (Kw 34): HB¥H
Asao (Swo 74): EE
Ashidani (Ht 74): B
Ashimata (Ht 94): 2R
Aso (Swo 18): s
Awagatake (Nei 5): TErE
Awao (Swo 28): i
Ayukawa (Ka 58): #i)l]
Azai (Swi 81): &%
Azusagawa (Ht 8): #%/l]

Choshi (Ka 59): $kF

Dodo (Swi 29): T4
Doi (Swo 104): +3#:
Donooka (Swo 57): DR
Donooka (Swo 79): D[

Ena (Swo 34): X%

Fukuji (Ht 26): &b
Fukumoto (Swi 28): E&
Funafuseyama (Ht 48): MRl
Furué (Ht 119): &
Futagami (Swi 102): —=#
Futagoyama (Kw 21): FFI
Futami (Swo 144): —R
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G
Gion’yama (Swo 123): &Rl Gujo (Swi 8): A\HFE
Gombo (Ht 36): #HF Gyojagaeri (Swo 23): {7&&
Gozaishoyama (swo 59): FHZEFFIL

H
Hachiman (Ht 43): A% Hinatawada (Kw 40): H@EfH
Haigyu (Swo 53): HEE Hinoda (Kw 29): HZFH
Hanawa (Ka 4): 7ty Hirawarabi (Swi 78): 3
Hanawa (Nei 10): 7E#g Hirayu (Ht 30): Y5
Handa (Swi 79): 2H Hiryuyama (Ka 8): Rl
Hane (Swi 45): R Hisone (Swo 52): fAHE
Hashirimizu (Swo 141): Ev ik Hitokabe (Ka 21): AH
Hatagasako (Swi 74): @& Hodojima (Swo 113): HFEE
Hatta (Swi4): /H Hokaji (Swo 34): ¥
Higashi-uyama (Swi 54): H=El Hongo (Ht 18): Z4%
Hijima (Swi 23): +7% Hosokawa (Swo 26) : #1)l|
Hikami (Swi 12): k- Hosomidani (Swi 71): #AEA
Hikawa (Kw 35): k]Il Hosoo (Kw 43): #E
Hikoroichi (Ka 23): BT Hota (Swo 31): H#H
Hina (Swi 52): HfE

1
Ibaragawa (Ht 103): Z%kJI| Ishiyama (Ht 58) : Al
Ibukiyama (Ht 96) : £E¥xL Isobe (Swo 8): &R
Ichihara (Ht 109): E 1tadorigawa (Swo 103) : #REUI|
Ichinosawa (Ht 4): —»iR Itagatani (Swo 111): R+ A
Ichinose (Swo 15): —D¥ Itanami (Ht 95): #K¥
Ichinose (Swo 81): T DO Itogawa (Swo 29): #RJI|
Ichinoseki (Ka 36): —nE Itoshiro (Ht 70) : A#HA
Ichinotani (Ht 27): —o % Itsukaichi (Kw 44): FHBH
Idaniyama (Swi 58): ¥¥& Tuchi (Swi 20): FHPH
Iinoya (Swo 2): HHEH Iwahata (Ka 31): HMH
lkadaba (Swi 80): #5458 Iwaizaki (Ka 42): 2HiE
Ikuno (Ht 124): 458 Iwaizumi (Ka 3): &H3
Imajo (Ht 85): 45/ Iwakura (Ht 108): E&
Inami (mine) (Nei 6): HEF Gl Iwakura (Swo 6): EH&
Inomine (Swo T8): #Hnzx Iwakurayama (Ht 68): &l
Inugami (Ht 102): R E Iwamoto (Swi 39): H&
Isa (Swi 103): & Iwanadome (Ht 5): &%
Ise (Swo 4): HE Iwasayama (Ht 97): Z4EL
Isetoge (Ht 76) : HFHnE: Izumimura (Swo 11): S5
Ishida (Swo 77): FH Izuru (Kw 5): H¥R
Ishiga (Swi 42): 1A Izuruha (Ht 116) : HJK
Ishimi (Swo T1): #R

J
Joé (Swi 66): IR®IT Jusanhama (Ka 49): 4=

Junigatake (Ht 33): +—+&
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K
Kaerimizu (Swi 85): vk Keizuruyama (Nei 8): Sl
Kagahara (Kw 14): fiirE Kenzan (Swo 56) : #lil
Kagamiyama (Swo 122): % Kesennuma (Ka 41) : S{liH
Kagemori (Kw 27): 7 Kiaiya (Swo 127): KREE
Kaibuki (Swo 106) : Hik Kirihara (Swo 10): &
Kakisako (Swo 138): i Kirisaki (Swo 32): 5%
Kamaishi (Ka 11): £7H Kiyomi (Ht 39): ¥R
Kamaishi (mine) (Ka 10): &7 GEI) Kiyotaki (Ht 99): ¥
Kambayama (Swo 58) : #iigl Kobatake (Swi 65): /Ng
Kameiwa (Swo 66): &% Kochi (Ht 86): AN
Kametsubo (Ht 125): #IF Kochi (Swo 6): WH
Kamianama (Ht 75): L7«%E Koda (Swi 75): f#H
Kamiarisu (Ka 16): FHEE Kodani (Swi 88): /&
Kamihirose (Ht 23): _LE¥ Kogawa (Ka 2): /Ml
Kamikagemori (Kw 28): 3% Kogawa (Ka 12): /NI
Kamikuzu (Kw 33): FXAE Koike (Swo 80): /b
Kaminogo (Swo 90): Eon4f Kokuzosan (Swo 85): mEZeptil
Kamishima (Swo 3): %5 Komagatake (Nei 7): Efsr&
Kamitakara (Ht 17): E=x Komori (Swi 5): W5p
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Abukuma massif, 52, 89, 118, 142

Adoyama Formation, 144

Aigyo Formation, 107

Aizawa Formation, 91

Akaishi massif, 108

Akasaka area, 77, 96, 125, 150

limestone, 96, 125, 150

Akasakan Stage, 48

Akenobe Formation, 153, 180

Akiyama area, 69, 77

Akiyoshi limestone, 58, 64, 72, 106, 132,
156, 186

Akiyoshian Stage, 41

Akka limestone, 118

Akuda Formation, 94

Akyu Formation, 69

Amatsuki Formation, 150

Ananori Formation, 69

Anegawa Formation, 177

Chihara Formation, 153
Chin’nanzan zone, 113
Choshi peninsula, 173

Daido Formation, 141, 173
Daigo Group, 74, 78
Dangyokei Formation, 56, 57, 64

Eimyoji Formation, 56, 57, 64, 72

Fuchu area, 58, 64, 156, 182

Fujikuradani Formation, 69

Fujiwaradake area, 100, 128, 152
Formation, 100, 128

Fuka Formation, 56

Fukase Group (facies), 162

Fukuji area, 53, 62, 67, 76, 83, 92, 122

Gujo facies (faunule), 178

Aohama Formation, 108

Aoi Formation, 148

Aomine Formation, 159

Arakigawa Formation, 53, 68

Arashima-Gokasho tectonic line, 134

Aratakiyama Formation, 60

Aratani Formation (conglomerate), 133,
158, 188

Asakaido Stage, 145

Ashidani Formation, 69

Ashimatagawa Group, 151

Aso-Gokasho area, 109, 160

Aso Group, 91, 119

Atetsu limestone (plateau), 54, 63, 71,
103, 104, 131, 154, 183

Atetsuan Stage, 40

Awagatake area, 143

Ayukawa Formation, 52

Azusagawa Group, 121

Chugoku massif, 54, 63, 71, 103, 130,
153, 183

Deguchi Formation, 126
Dodo Group, 181
Doi Formation, 172

Fukumoto area, 181
Funafuseyama area, 95, 123, 149
Futagami Formation, 60, 132
Futagoyama limestone, 66, 81, 90
Futaiwa Formation, 112
Futami Formation, 80

Gyojagaeri Formation, 110
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Hachiman area, 77, 82, 94, 123
Haigyu Formation, 190
Hanagiri Stage, 90
Hanawa Formation,
Hanawa area, 142
Handa limestone, 72, 107, 132, 157
Hanetsuru dolomite Member, 143
Hario Formation, 147
Hashirimizu Formation,
Hata Formation, 147
Hatagasako Formation, 157
Hayachine tectonic belt, 88
Hida massif, 52, 62, 67, 76, 82, 91, 121,
145, 176
Higashi-uyama Group, 132

118

170

Ibaragawa Formation, 100, 129
Ibukiyama area, 70, 83, 98, 126, 151
limestone, 99, 126, 151, 193
Ichihara Formation, 152
Ichinosawa Formation, 121
Ichinose facies, 109
Formation (in Shikoku), 191
Group (in Maizuru zone), 178
Ichinotani Formation, 62, 67, 83
Group, 53, 62, 68, 76, 92
Idaniyama Formation, 105
Iinoya Formation, 108
Ikadaba area, 187
Formation, 107, 133, 157
Imajo area, 70, 78, 83, 97, 147
Formation, 78
Inner zone of Northeast Japan, 119, 142,
174
Ino area, 78
Inomine limestone, 166
Inugami Group, 101
Iriishikura Formation, 118
Iruma Group, 90
Ise area, 84
Isetoge Formation, 69

Joé, 64, 156
Jinseki-Yuki area, 64, 106, 132, 186

Kabayama Member, 115
Kagamiyama Formation, 169

H

Hijima Formation, 130

Hikami Formation, 71

Hikawan Stage, 43

Hikoroichi and Setamai area, 85, 140

Hinode Formation, 176

Hinokawa area, 147

Hirawarabi Formation, 158

Hirayu Group, 93, 123, 145

Hiryuyama Formation, 116

Hisone Group, 162, 164
Formation, 163

Hitokabe area, 86

Hongo and Arakigawa area, 53, 94

Hongo Formation, 53, 94

Hosomidani area, 106

Ishifune area, 66
Formation, 75
Ishige Formation, 103
Ishiyama limestone, 150
Itadorigawa Formation, 74
Itagatani Formation, 167
Itanami Group, 151
Itanamiyama Group, 193
Itogawa Formation, 134
Itoshiro area, 776
Itsukaichi area, 176
Tuchi Formation, 180, 181
Iwahara limestone Member, 171
Iwaizaki limestone, 141, 172
Iwaizumi and Akka area, 118
Iwaki Formation, 113
Iwakura Formation, 159
Iwakurayama limestone, 127
Iwamoto Formation, 104
Iwanadome limestone, 121
Iwasayama limestone, 127
Izumiyama area, 188
Izuru Formation, 91
Izuruha Formation, 152
Izuto limestone, 107

Junigatake Formation, 146

Kagemori Subformation, 90
Kaibuki Formation, 167

263
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Kakisako Formation, 51, 61
Kamaishi Formation, 88
Kameiwa Formation, 112, 136
Kametsubo area, 153
Kamianama area, 69, 95
Kamiarisu — Ohashi area, 117, 141
Kamihirose conglomerate, 125
Kamikuzu Stage, 175
Kamitakaran Stage, 39, 40
Kamiyakawa Formation, 165
Kamiyoshida Group, 175
Kamodani area, 78
facies, 162
Group, 162
Kane Formation, 107, 133, 157
Kaneishi facies, 162
Kanikawa Formation, 154
Kannagawa area, 65
Kanokura Formation, 115, 116, 171
Kansaka limestone, 67
Kanzaki Formation, 95
Karasawa limestone Member, 143
Karita Formation, 183
Kasama Formation, 65, 75
Kashiwadaira Formation, 118
Kasshi Formation, 88, 117, 141, 173
Kasuga Formation, 151, 177
Kasukawa Formation, 151
Katada Formation, 107, 132
Katauchi Formation, 61
Katchizawa Member, 115, 140
sandstone Member, 140, 171
Kato Formation, 148
Katsuboyama zone, 89, 144
Katsuuragawa area, 161
Kawahigashi area, 179
faunule, 178
Kawakami area, 189
Group, 110, 160
Kawamo Formation, 52
Kawanishi area, 179
Kawanobori limestone, 113
Kawarakami Formation, 187
Keizuruyama area, 143, 174
Kenzan Formation, 135
Group, 161, 164
Kesennuma area, 86, 116
Kii Peninsula, 78, 84, 108, 134, 159, 188
Kinshozan biofacies, 51
Kiriwake Formation, 156
Kiso massif, 122, 147

Kitakami massif,
Northern part, 52, 88, 117, 141, 173
Southern part, 51, 61, 80, 85, 115, 140,
172
Kitayama area, 130, 152
Kiyotaki Formation, 98
Kochi Formation, 148
Group, 134, 160
Koda limestone, 107
Kodani Formation, 54, 63, 71
Kogawa Formation, 52
Kokuzosan Group, 167
Komagatake area, 174
Komukudani Formation, 148
Kono Formation, 146, 177
Konogidani Formation, 125
Kose Group, 181
Kotakigawa Formation, 53
Kotako Formation, 134
Koyama limestone, 56, 71, 105, 155
Kozaki Formation, 114, 139
Kuchibora Formation, 123
Kuki Formation, 167
Kuma Formation, 49, 192
massif, 114, 138, 169
Kuman biofacies, 51
Stage, 49
Kumogahata Formation, 152
Kumokawa Formation, 69
Kunimiyama Formation, 94
Kurahashira Formation, 94
Kurakaketoge Formation, 152
Kurama Formation, 130, 152
Kuraoka area, 113, 138
Kuratoko Formation, 180
Kuregatoge area, 186
Kuribayashi Formation, 88
Kurikian Stage, 42, 79
Kurohagi Formation, 56
Kuroiwa tectonic line, 190
Kurokawa Formation, 147
Kurosegawa area, 167
tectonic zone, 73, 189
Kusune facies, 162
Formation, 111, 135
Group, 162
Kuzuryu area, 124, 148
Kwanto massif, 52, 65, 75, 81, 89, 119,
143, 175
Kyodoko Formation, 157, 187
Kyushu (Chichibu terrain), 61, 75, 79,
85, 113, 138, 168, 192
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Maedani Formation, 185
Maiya area, 87, 116, 140, 173
flora, 117
Maizuru Group (zone), 154, 177
Makatoji Formation, 148
Maki Formation (in Kwanto massif),
144
Maki Formation (in Atetsu area), 154

Maki Formation (in Akiyoshi area), 132

Mamba area, 144
Formation,
Group, 89
Manajo Formation, 103, 130
Mandokoro Formation, 95
Manganji limestone, 98
Matsuo Formation, 167
Matsuoyama Formation, 127
Meigetsutoge Formation, 130
Meiji zone (belt), 138, 168
Mihara area, 186
Miharaiyama area, 180
Miharano(ro) Formation, 105, 194
Mikagura Formation, 144
Mikata Formation, 180, 181

66, 75

Nagaiwa Formation, 51, 61

Nagaiwan Stage, 40

Nagoe Formation, 54

Nakahata Formation, 68, 77

Nakakubo Formation, 137

Nakamura limestone, 56, 63, 72, 105,
131, 155

Nakatsugawa area, 90

Nakawada Formation, 89

Nanaai Formation., 82

Nanjo Group, 70, 78, 83

Narai Formation, 147

Neogawa — Ibigawa area, 96, 124, 149

Nichihara Formation, 187

Nishikori Formation, 87

Nishinoiri conglomerate, 176

Nishitani area, 69

Nishi-uyama Group, 185

Oashi Formation, 142
Oboradani Formation, 95
Oda [=O0Ota] Group, 60
Oga plateau,
184
Ogamata Formation, 175

56, 63, 71, 105, 131, 155,

M

Mikazuki Formation, 71
Minamitani Group, 180
Mino Formation, 102
Mino-Kanoashi massif, 133, 157, 187
Misogawa Formation, 147
Mitsu area, 182
Mitsudo Group, 54
Miyahama Formation, 135
Miyakawa Formation, 129
Miyakoda Formation, 108, 148
Miyano Formation, 133, 188
Miyanokuchi Formation, 84
Miyauchi facies, 162
Mizukoshi Formation, 192
Mizuyagadani Formation, 92
Moribu Formation, 94
Motomura Formation, 118
Mugitani Formation, 187
Mujinazawa area, 81
Myojo limestone, 53
Nabeyama area, 91, 119, 143
limestone (Formation),
47, 119

Nishiyama area, 102, 129, 152
Nishiyoshino Group, 134
Noharadani Formation, 151
Nohi Group, 69,77
Nojiri conglomerate, 125
Group, 125
limestone, 147
Nomata Formation, 147
Nomisaka facies, 110
Nomura Group, 73, 137, 167
North Kyushu, 108
Nosé area, 102, 130
Notabiyama Formation, 185
Notsu Formation, 84
Nukada Formation, 179
Nyukawa area, 67, 77, 93, 146
Group, 93, 146

Ogawago facies, 78, 109
Ohkuboan Stage, 89, 55

0Oi Formation, 148

Oishi Formation, 98
Okuchichibu area, 81, 175
Okumyogata Formation, 94
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Okuzumi Formation, 123, 147

Omatsu — Dosen area, 117

Omi limestone (plateau), 52, 62, 67, 82,

91, 121, 145

Omodani Formation, 112

Omoriyama Formation, 115

Omura isle, 159

Onimaru Formation, 51

Onimaruan Stage, 39

Onji Group, 73

Onogahara area, 137
Formation, 112

Onogi Formation, 127

Oppara Formation, 69, 82

Osakatoge Formation, 102

Osobudani conglomerate, 122

Pre-Maki unconformity, 155

Raidenyama zone, 144
Rodai Formation, 87, 116
Rokucho Formation, 165
Rokusuke Subformation, 90
Ryokami Group, 90

Sabushi Group, 103, 131, 154
Sakamotozawa Formation, 45, 85
Sakamotozawan Stage, 44, 45, 85
Sakashu area, 135
thrust zone, 189
Sakauchi Formation, 124, 149
Sakawa area, 137, 166
Sakuradani conglomerate, 74, 79
Sambosan Group (zone), 73, 187
Samegai Formation, 99
Samondake Formation, 96
Sanbonmatsu Formation, 187
Sano Group, 91
Sasamata Formation, 151
Sasayama area, 103
Sawadani Formation, 161
Group, 164
Sawando conglomerate, 122
Serita Formation, 157
Setamai area, 115
Shiba Formation, 52
Shidaka area, 179
Shikoku (Chichibu terrain), 73, 78, 84,
111, 134, 161, 189
Shima area, 109, 159

Osugi area, 189
Otagawa area, 106
Otaki Formation, 70, 77, 83
Otani conglomerate, 95
Formation, 125
Otaniyama Formation, 126
Otaru — Suita tectonic line, 73, 190
Otochi area, 168
Ottate Formation, 111, 135
Oura Formation, 148
Outer zone of Southwest Japan, 61, 73,
78, 84, 108, 133, 159, 188
Oya Formation (in Tamba zone), 124
Oya Formation (in Maizuru zone), 153
Ozodani Formation, 191

Ryozen Formation, 101, 128
Ryozensan limestone, 101
Ryugenji Formation, 132
Ryuhozan Group, 170

Shimadani Formation, 147
Shimajima Formation, 121
Shimokuzu Stage, 120
Shimomitani Formation, 149
Shimoyakawa Formation, 112, 165
Shimoyama limestone, 191
Shimozaisho alternation, 76
Shingai Formation, 136
Shinmito Formation, 130
Shin’yu area, 143
Shioya Formation, 146
Shirakidani area, 136

Group, 112
Shiraiwa Formation, 187
Shirasaki limestone, 161
Shiroi bank (in Hida massif), 93

limestone (in Kwanto massif), 52

Shiromaru Paleozoic zone, 75
Shiroyadake Formation, 160
Shizo Formation, 139
Shogase Formation, 78, 84
Shomarutoge area, 90, 120
Shoyama Formation, 131
Sonobe Formation, 103, 130
Sorayama Group, 53, 122
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Sote Formation, 94
Sea, 94
Surugamine Formation, 153

Taishaku Formation, 57
Taishaku mountain range, 119, 143
Taishaku plateau, 56, 63, 72, 105, 132,
155, 185

Taishakugawa Group, 56, 57, 64, 72
Takagami conglomerate, 174
Takagawa Formation, 168
Takahara — Nakaoku belt, 189
Takakurayama Group, 118
Takaoka Formation, 166
Takarao Formation, 178
Takatsuki Formation, 152
Takauchi faunule, 178
Takayama Formation, 98, 128
Takezawa Formation, 52
Taki Group, 103
Takura Formation, 83

Group, 97, 147
Tamanouchi conglomerate, 176
Tamba Group, 102

zone, 97, 102, 126, 150
Tameshige Formation, 57
Taniai Formation, 95
Tano Formation, 102, 129, 152
Tateishi Formation, 52
Tawarazu Formation, 113
Tenguyama Formation, 124

Uji Formation, 184

Ukiishi Formation, 189
Umetani Formation, 126

Unada Formation, 105
Uoganeyama Formation, 96, 124
Usuginu conglomerate, 172

Wakasa area, 97, 129, 148, 178

Yabuhara Formation, 147
Yaegahara Formation, 107, 157, 186
Yakuki Series, 118

Yakuno area, 179

Yamaguchi area, 133, 158, 188
Yamamba limestone, 137, 191
Yamasuge limestone Member, 47, 119,

Suzuka massif, 101, 128
Suzumiyama Formation, 133, 188

Tenjinnoki Formation, 140
Terauchi Formation, 183, 184
Tobiishi Group, 114
Tochu Formation, 86
Tokiyama Formation, 129, 152
Tokugotoge Formation, 121
Tokuyama Formation, 70, 96
Tokuyama — Sakauchi area, 70, 96, 149
Tomedoro Formation, 125
Tominoho Group, 123, 147
Toriashi Group, 65, 82
Tosayama Formation, 137, 165
Toyoma Subsystem (Group), 171, 172
Toyomane Formation, 118
Toyomane — Hanawa area, 118, 142
Toyonaga Formation, 71
limestone, 103
Tsubonata Formation, 84
Tsuchikura Formation (in Kitakami
massif), 88
Tsuchikura Formation (in Tamba zone),
126, 151
Tsukumi zone (limestone), 113, 138, 168
Tsunemori Formation, 157
Tsutsumi Formation, 187
Tsuzumigatake Formation, 60

Usuki area, 113, 138, 168
Utoyama limestone, 147
Uwanaro Formation, 191
Uwano Formation, 89
Uyamano Group, 132

Wakasugi Group, 163, 165

143
Yamazaki conglomerate Formation, 173
Yanahara Group, 181
Yasuba conglomerate, 190
Formation, 64
Yasumoto Formation, 185, 186, 193
Yatsumori area, 142
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Yayamadake limestone, 79, 85, 114 Yoro Group (massif), 99, 151
Yokokawa Formation, 147 Yoshii Group, 156, 186
Yokokurayama area, 166 Yoshio Formation, 170
Yokoyama Formation (in Hida massif), Yuasa area, 110, 134, 160, 189

124 Yukawa Group, 104, 154
Yokoyama Formation (in Maizuru zone), Yukisawa Subsystem, 171

180, 181 Yunoo Formation, 70
Yokozeki, 154 Yurugidake Formation, 113, 138, 169
Yonagu Formation, 170 Yuzuruha Formation, 61

Yonezato area, 115

Zengosasu conglomerate, 66 Zomeki limestone, 133, 157
Zensakusawa area, 174
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Index to the fossil zones and subzones

Beedeina higoensis — Wedekindellina pro-
lifica subzone, 42

Cancellina nipponica zone, 126

“Dibunophylloides” ofukuense zone, 65

Endostaffella delicata zone, 39, 55, 57, 59
Eostaffella kanmerai subzone, 38, 53

Fusulina (Fusulina) fujimotoi subzone,
76

Fusulina (Beedeina) higoensis subzone,
79

Fusulina (Beedeina) higoensis - Wede-
kindellina prolifica subzone, 77

Fusulina (Beedeina) lanceolata — F. (B.)
ichinotaniensis subzone, 76

Fusulina ohtanii subzone, 79

Fusulina ohtanii — Fusulinella gracilis

Gigantoproductus zone, 52

Lepidolina imamurai zone, 184
Lepidolina toriyamai zone, 49, 50, 178,

Mediocris mediocris zone, 39, 55, 57, 59

Millerella bigemmicula — Eostaffella kan-
merai zone, 55

Millerelle bigemmicula — Pseudostaffella

Nagatophyllum satoi subzone, 58

Neokoninckophyllum nipponense zone,
38, 54

Neoschwagerina craticulifera zone, 48,

Clisiophyllum awa zone, 65

Eostaffella sp. A — Millerella sp. A zone,
39

subzone, 42
Fusulinella asiatica subzone, 67
Fusulinella biconica zone, 57, 65, T2
Fusulinella bocki zone, 66
Fusulinella bocki— F. prolifica subzone,
74
Fusulinella eopulchra zonule, 72
Fusulinella hirokoae subzone, 74
Fusulinelle imamurai zone, 55,71
Fusulinella kamitakarensis subzone, 67

179, 181, 182, 183
Lyttonia fauna, 48, 183

kanumai subzone, 54
Misellina claudiae zone, 47, 114, 139
Misellina ibukiensis zone, 47
Monodiexodina langsonensis zone, 45

144, 152, 156
Neoschwagerina douvillet zone, 156
Neoschwagerina douvillei— N. margari-
tae subzone, 155
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Neoschwagerine margaritae zone, 49,
144, 156
Neoschwagerina megaspherica zonule,

Paleofusulina — Reichelina faunule, 178
Parafusulina hirayuensis subzone, 123
Parafusulina iisakai subzone, 123
Parafusulina kaerimizensis zone,
47, 131, 132
Profusulinella beppensis zone, 64, 65
Profusulinelle beppensis — P. toriyamai
zone, 41
Profusulinella fukujiensis zone, 62
Profusulinella toriyamai zone, 55
Pseudofusulina ambigua zone (subzone),
45, 46, 132, 144
Pseudofusulina fusiformis zone, 45
Pseudofusulina hexagonaria —
Acervoschwagerina endoi zone, 94
Pseudofusulina japonica zone (subzone),

Rugosofusulina arctica subzone, 104

Schwagerina yabei zone, 123
Siphonodendron hidense subzone, 38, 54
Staffella pseudosphaeroidea subzone, 79

Triticites exsculptus —T. hidensis zone,
83

Triticites kawanoboriensis kaishodanien-
sis subzone, 93

Triticites montiparus subzone, 102

Verbeekina verbeeki zone, 156

Yabeina aff. cascadensis subzone, 185,
186

Yabeina globosa zone, 50, 154, 175

Yabeina hayasakai zone, 172

Zellia nunoset zone, 45

158
Neoschwagerina simplex zone, 48, 125,
139

123, 155

Pseudofusulina kraffti zone, 126

Pseudofusulina kraffti magma subzone,
131

Pseudofusulina vulgaris zone (subzone),
45, 46, 89, 93, 102, 104, 107, 131

Pseudoschwagerina kanmerai subzone,
104

Pseudoschwagerina cfr. muongthensis
zone, 90

Pseudoschwagerina morikawai zone, 46,
92

Pseudoschwagerina subsphaerica — Quasi-
fusulina longissima wultima zone, 104

Pseudoschwagerina wongenhaot zone, 90

Pseudostaffella antiqua zone, 39, 57, 59

Staffella pseudosphaeroidea — Fusulinella
sp. subzone, 42
Sumatrine annee zonule, 158

Triticites matsumotoi subzone, 43, 85
Triticites opparensis subzone, 83
Triticites ozawai zonule, 107
Triticites yayamadakensis subzone, 43

Yabeina shiraiwensis zone, 50, 154, 184,
185, 186

Yabeina shiraiwensis—Y. sp. A zone,
184



