SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

Geology of Akiyoshi

Toriyama, Ryuzo
Faculty of Sciences, Kyushu University

https://doi.org/10.5109/1524109

HARISER : UM AKERIPEIRLE  Series D, Geology. 4 (1), pp.39-98, 1954-06-30. Faculty of
Science, Kyushu University
N=T3 v

HEFIBAMR

KYUSHU UNIVERSITY




Mem., Fac. Sci, Kyushu Univ., Ser. D, Vol. 1V, No. 1, pp. 39-97, text-figs. 1-28, geol. map 1

Geology of Akiyoshi*

By

Ryuzo TORIYAMA

AsstrAacT—Part I of this paper is divided into three chapters. Chapter 1 concerns
the fusulinid zones of the Akiyoshi limestone group. Six major fusulinid zones are
described as Profusulinella zone, Fusulinella zone, Pseudoschwagerina zone, Para-
fusulina zone, Neoschwagerina zone and Yabeina zone. Fusulina Zone of upper
Middle and Tviticites Zone of Upper Pennsylvanian age are missing in the Akiyoshi
limestone group.

Chapter 2 considers the correlation of the fusulinid zones of the Akiyoshi
limestone group with Pennsylvanian and Permian formations of not only other
parts of Japan but also of Tethys Sea Region and North America. Stratigraphic
relationships among fusulinid zones are also discussed in some detail.

Chapter 3 concerns the stratigraphy of the Akiyoshi limestone group. To
determine the stratigraphic order of succession twenty-seven sections are chosen
and described. The geologic structure of the Akiyoshi limestone group derived
from the distribution of fusulinid zones and the tectonic relationships between the
Akiyoshi limestone group and non-calcareous Upper Paleozoic groups are also
discussed in detail. Based on the distribution of fusulinid zones, lithology of
limestones and mode of occurences of fusulinid fossils, Permian epeirogenic move-
ments in the Akiyoshi region are discussed.
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Introduction

Sudies of the Upper Paleozoic stratigraphy of the Akiyoshi district, Yamaguchi
Prefecture (Nagato Province*), Southwestern Japan were started by Y. Ozawa and
T. Ocura in 1923. Ozawa was also the first who studied the Upper Paleozoic faunas
of the Akiyoshi limestone and published a paper titled *Palaeontological and
stratigraphical Studies on the Permo-Carboniferous Limestone of Nagato, Part II,
Palaeontology ” in 1925. To our regret, however, Ozawa’s lamentable death came
before the publication of Part I, Stratigraphy in English, although he published in
Japanese “Stratigraphical Studies of Chichibu System including the Akiyoshi
Limestone ” in 1923.

In 1934 T. KosavyasHi, who succeeded Ozawa at Tokyo University, began a
comprehensive study on the stratigraphy of Southwest Japan with the cooperation
of his students. Summarizing his works, he published the voluminous paper,
“Sakawa Orogenic Cycle, and its bearing on the Origin of the Japanese Islands” in
1941, in which he considered that the Akiyoshi limestone is a large Klippe lying on
the contemporaneous but heterogeneous Paleozoic formations. Meanwhile, S. HaN-
zawa of Tohoku University expressed his opinion, which will be mentioned later, on
the fusulinid zones of the Akiyoshi limestone in 1941.

Although Ozawa’s paleontologic study on the Akiyoshi fusulinids was one of
the most prominent at that time, it has been a quarter of century since his paper
was published, and there is a need for a restudy of the Akiyoshi fusulinids under
the light of knowledge gained in this decade.

Upon the suggestion by Prof. Kosavasuir I began biostratigraphical and paleon-
tological studies of the Paleozoic formations in Southwest Japan in 1940, and I have
published several papers on fusulinids contained in the Yasuba Conglomerates and
its allies. After I changeg my position from Himeji Junior College (Kotogakko) to
Kyushu University in 1941, I began to study all Upper Paleozoic rocks developed in
Akiyoshi area and collected numerous specimens of fusulinids not only from the
Akiyoshi limestone but also from the Tsunemori, Beppu, Gampi and Ota groups
which are largely non-calcareous and are exposed around the Akiyoshi limestone.

Fortunately enough, I**¥ had a chance to visit the United States of America and
to study with Dr. THompsoN of the University of Wisconsin my collection from the
Akiyoshi limestone and compare them with his numerous collections from the
Pacific coast of North America.

This paper is the result of that study. Although much still remains to be
done, it seems appropriate to publish these results at this time because the Paleozoic
rocks of Akiyoshi district are very important, being considered to be the standard

* Nagato is an old provincial name for the western part of Yamaguchi Prefecture.
** Research associate of the Graduate School at the University of Wisconsin in 1950-1951.
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of the Upper Paleozoic stratigraphy of Southwest Japan.
This paper deals only with Part I. Part II and Part 1II (Systematic Paleontology)
will be published separately in the near future.
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Brief Summary of the Ez{\]ier Works

In his biostratigraphic study of the Akiyoshi area Ozawa determined the strati-
graphic succession of the Chichibu System, including the Akiyoshi limestone, in
1923 as tabulated below. (More recent generic and specific references are given in
parenthes).

Ozawa was of the opinion that the oolitic limestone lenses containing Nagatophy!l-
lum in the lower and Lonsdaleia floviformis in upper horizons may be Viséan in
age. He dijvided the main limestone and superjacent limestone lenses into the

Moscovian Fusulinella, Uralian Schwagerina, and Permian Neoschwagerina zones.
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C. Alternation of the lenticular limestone
bearing shale, hornstone and sandstone,

300 to 400 m thick .......................... P3 Sumatrina annae subzone 3\
(3) Limestone conglo-
merate and lime-
stone breccia......... P2 Fusulina (Pseudofusulina)
ambigua subzone . Neoschwagerina
zone
P1 Fusulina (Pseudofusulina)
Jjaponica subzone
CPg  Fusulina (Parafusuling)
lutugini subzone
B. Akiyoshi g (2) Fusulinid limestone J Cg Schwagerina princeps ( Pseu-
limestone, doschwagerina  glomerosa)
400-450 m or Fusulina ( Pseudofusu- Schwagerina
thick lina) vulgaris subzone \ (Pseudosch-
wagerina) zone
C} Schwagerina (Pseudoschwa-
gerina) moungthensis sub-
zone Y,
Co  Fusulinella bocki subzone Fusulinella zone
2 . . .
L (1) Oolitic  limestone C{ Lonsdaleia floriformis sub-
lenses interbedded zone Lonsdaleia zone
with schalstein Ci Nagtophyllum satoi subzone
/ (2) Radiolarian chert interbedded with
A. Thick non- slate, graywacke, sandstone and
fossiliferous schalstein
formation,

3000 m thick (1) Graywacke sandstone interbedded

with shale and chert. A few lime-
stone lenses in lower part

At that time he considered that the Akiyvoshi limestone lies conformably on the
thick non-fossiliferous formation or the division A in the table and that it is
overlain conformably by the fossiliferous formation or the division C. Furthermore,

he thought

that the Akiyoshi limestone reveals an anticline completely overturned

towards the north; and seeing that the fossil zones are reverse in order at Kaerimizu

doline and other places, he concluded that the only lower wing of the overturned

anticline now remains (Fig. 1a).
Having observed the fusulinid zones at the eastern slope of Kaerimizu doline
the late Suciyama (1939) also divided the Permian section of the Akiyoshi limestone

into the following fusulinid zones:

N

1.
At the

Schwagerina (Pseudofusulina) vulgaris var. globosa zone

Doliolina (Misellina) claudiae zone

Parafusulina (Pseudofusulina) japonica zone

Neoschwagerina craticulifera zone

Verbeekina verbeeki zone

same time Sucivama found fusulinid fossils in several horizons which

were referred by Ozawa to the thick non-fossiliferous formation’; and he thought



Geology of Akiyoshi 43

! S

o
/’ Sohara

Kawara

-~ Ofukudai ... Okugawara

e N Minc, S
- ~ ot
Al

low. hornst,

\ claysl. ‘up.hornst:.

Gampi Y
~ Y
V-
[T
'~ \
~ \
—— N
RN}
vl
3 -
B
L T (P
/ (Pm) N
Lt )
| { Cm) T N
NN S ) S s
(Kwanmon %, i NN e Cm) R RSPt

C
Fig. 1. Profiles of the Akiyoshi limestone plateau drawn on the basis of three different
explanations.
A. OzAWwWA’s interpretation of the limestone plateau as an autochthonous recumb-
ent fold.
B. KOBAYSHI's interpretation of the limestone plateau as a Klippe of the Oga
Decke.

A and B after T. KoBAYASHI (1941, p. 258, fig. 10)

C. The present interpretation (somewhat idealized)
Left half (northern part) of the limestone is the erosion remnants of the lower
wing of thd overturned anticline: right half (southern part) is autocdhthonous,
being in normal order. The left half thrust up the right one.
Tsu=Tsunemori group, B=Beppu group, O=0ta group

that Ozawa’s division A, B and C are not in the stratigraphical order of succession,
but all of them are Upper Paleozoic formations ranging in age from Carboniferous
to Permian. He also pointed out that the division A and C are in normal order, and
concluded that Ozawa’s well known interpretation of the geologic structure of the
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Akiyoshi district seems to need certain modification by the several facts he had found.

Having surveyed the Akiyoshi district under field guidance of his student, M.
Koono, S. Hanzawa (1941, 1944) expressed the opinion that the Akiyoshi limestone are
divisible into the following three fusulinid zones :

3. Upper zone—characterized by species of Swumatrina, Yabeina, Neoschwa-
gerina, Verbeekina, Misellina, Parafusulina and Paraschwagerina.
The Upper zone can be divided into

Upper subzone—characterized by species of Yabeina, Sumatrina, Neosch-
wagerina, Verbeekina, Misellina and Paraschwagerina, but lacking
the species of Pseudoschwagerina.

Lower subzone—characterized by species of Parafusulina and Parasch-
wagerina, but lacking the species of Yabeina, Sumatrina, Neosch-
wagerina, Verbeekina and Misellina.

2. Middle zone—characterized by species of Pseudoschwagerina, Parasch-
wagerina, Schwagerina, Quasifusulina and Triticites.
. wevveno. faunal break... ... . .. ...
1. Lower zone—characterized by species of Fusulinella.

Hanzawa was of the opinion that his Lower zone is not younger than the Mos-
covian stage ; the Middle zone is safely assignable to the Sakmarian stage, and the
Upper zone may be referred to the Artinskian stage. He endeavored to make a
more detail subdivision of the limestone, but he found that it is impracticable.

Analysing the facies of the Paleozoic rocks in Japan, Kosavasui (1941) classified
the Paleozoic Chichibu Supergroup of Southwest Japan into the following facies from
the inner to the outer side of Southwest Japan:

Akiyoshi and Para-Akiyoshi facies
Yamaguchi and Para-Yamaguchi facies
Para-Kitakami facies

Chichibu facies

Of these the first one is, of course, represented by the Akiyoshi limestone and
the second by his Ota, Gampi and Tsunemori series in this district. KosayasHI
considered that the Akiyoshi limestone is completely overturned, or is in normal order,
or else forms intraformational folds, the order varying in different places, and that
the Gampi and Tsunemori series are in normal order, dipping toward the Akiyoshi
limestone. Due to the remarkable differences in facies and tectonic relation he ex-
pressed the opinion that the Akiyoshi limestone is a large Klippe lying on the stru-
ctural basin of the autochthonous Ota, Gampi and Tsunemori series (Fig. 1b).
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Part I. Study of the Akiyoshi Limestone Group
General Remarks

Surrounded by the Ota, Gampi, Beppu and Tsunemori groups of non.calcareous
facies, the Akiyoshi limestone group * is in the central part of the Miné-gun*¥,
Yamaguchi Prefecture, occupying the areas of nine towns and villages—Ota-machi,
Isa-machi, Omine-machi, Ofuku-mura, Beppu-mura, Kyowa-mura, Akago-mura, Aki-
yoshi-mura, and Iwanaga-mura. It extends 17 km from the northeast to the southwest,
and 7.5 km from the northwest to the southeast, occupying an total area of about 130
square kilometers.

Physiographically speaking, the Akiyoshi limestone plateau is divided by the
River Koto into two plateaux—the Akiyoshi plateau of the northeast and the Ofuku
plateau of the southwest. (In this paper the Akiyoshi plateau is used in the strict
sense, namly, for the north-east plateau). The heights above sea level ranges from
100 m to 400 m in both plateaux, many of the marginal slopes of which are steep.

The rocks of the Akiyoshi limestone group consist mostly of limestone, inter-
bedded with very few amount of chert. Not only the crystalline limestones which
were altered by later igneous intrusions, but also almost all other limestones of
this group are greyish-white to white in color and are completely massive, having no
stratification. Accordingly, it is almost impossible to determine the stratigraphic
succession in the field, and a detailed study of fusulinids is the only key for determ-
ining stratigraphic order and overall geologic structure of the limestone mass.

To determine the stratigraphic order or succession of the massive limestone, I chose
steep slopes around the limestone plateaux and collected numerous fusulinids along
these slopes. Of course, I collected many fusulinids from other numerous localities
on the plateaux other than those of the slopes mentioned above. Thus, I have deter-
mined the following fusulinid zones and clarified the geologic structure of the
Akiyoshi limestone group through the study on about 2000 slides made of the
limestones collected.

Chapter 1. Fusulinid zones of the Akiyoshi Limestone Group

As already stated at some length, Ozawa divided the Akiyoshi limestone group
into four fossil zones, which were, in turn, subdivided into nine subzones. Later
Hanzawa expressed the opinion that the Akiyoshi limestone group is divisible into
three zones, the upper zone of which is divided into two subzones.

* KOBAYASHI designated the Akiyoshi group for the Paleozoic rocks which have his Akiyoshi
facies: to avoid future confusion I designate the limestone formation in this district as Akiyoshi
limestone group.

** From the geographical point of view, the limestone group of this district should be named
“Miné group,” but the “ Miné series” was pre-occupied by the Triassic formation,
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So far as the fusulinid fauna is concerned, I have come to the conclusion that
the Akiyoshi limestone group is divisible into the following six zones,* three of which
are each, in turn, divisible into two or three subzones :

Yabeina zone : Yabeina shirajwensis zone Pua
Neoschwagerina douvillei subzone

3\
Neoschwagerina zone : { Verbeekina verbeeki subzone l Pm Y
Neoschwagerina craticulifera subzone I 8
Parafusulina zone { Parafusulina kaerimizensis subzone \ «
Pseudofusulina ambigua subzone Y
Pseudoschwagerina zone : { Pseudofusulina vulgaris subzone } P1 { 8
T'riticites simplex subzone «
Fusulinella zone : Fusulinella biconica zone Crﬁ { 8
Profusulinella zone  : Profusulinella beppensis zone } o

1. Profusulinella zone: Profusulinella beppensis zone Cma

The lowermost fusulinid zone of the Akiyoshi limestone group is the Profusu-
linella beppensis zone, which is found in the eastern and southeastern parts of the
Akiyoshi plateau. The Nagatophyllum satoi zone, which underlies the Fusulinella )
biconica zone, is developed along the southern margins of both the Akiyoshi and Ofuku
plateaux and is presumed to correspond with the Profusulinella beppensis subzone.
The relation between them will be discussed later.

The FProfusulinella beppensis subzone also occurs as erosion remnants on the
heights of the northern parts of both plateaux where the Akiyoshi limestone group

is overturned.

Profusulinella beppensis zone is characterized by the following species :
Profusulinella beppensis n. sp.

P. rhomboides (Ler et CHEN)
P. Sp.

Akiyoshiella ozawai ToriyAMA

A. sp.

Assog¢ciating species are,
Fusulinella sp. C.
Nankinella sp.

* As already pointed out by H. YABE (1949A), fusulinid zones are used in two different senses;
one is a stratigraphic unit characterized by the prevailing genus, hence, one zone does not overlap
the other, whereas stratigraphic range of that genus sometimes may be up or down outside of
zone. The other, which may be called a biozone, is a stratigraphic division related to the geologic
range of the respective genus, hence there being cases in which two zones overlap each other,
although the geologic range of the genus is confined within the zone. In this paper as well as in
YABE’s papers (1948, 1949A, B), a fusulinid zone is used in the sense of the first category, and
“Zone” is always used for universal correlation distinguished from the fusulinid *“zone” of local

usage.
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Staffella akagoensis n. sp.
Eoschubertella obscura (LeE et CHEN)

Profusulinella beppensis somewhat resembles P. copiosa Tuomrson which was
described by TrHomprson (1948) from the Arreu formation of Powwow Canyon, Texas,
but it is larger in size of its shell. Profusulinella sp. resembles P. marblensis
THOMPSON, but I have not been able to determine the nature of this species because
of insufficient material at hand. Profusulinella (?) rhomboides from the lower part
of the Huanglung limestone of South China was originally described by Lee and CHEN
as a species of Fusulinella, but their original illustration shows that the species be-
longs to the genus Profusulinella. Their illustration does not suit further discussion.

Akiyoshiella ozawai, the type species of that genus, which was described from
Shishidedai of Akago-mura, northeastern part of the Akivoshi plateau, looks like a
specialized form of the genus Fusulina. Although the phylogenetic relation of
Akiyoshiella to other fusulinellid genera is not clear, it is worth noting that a
species of Akiyoshiella has been very recently reported by ThomrpsoN, PiTRAT and
SANDERSON (1953) from a part of the Cache Creek group of central British Colum-
bia. American form of Akiyeshiella, A. toriyamai is not conspecific with the Akiyoshi
form, A. ozawai, but they are rather closely related with each other. Further dis-
cussion upon their stratigraphic occurrence will be mentioned in Chapter 2.

Fusulinella sp. C, which is very small for a species of Fusulinella, seems to be
a species of Profusulinella, but its spirothecal structure shows that it does not belong
to the latter.

On the Nagatophyllum satoi zone,

Ozawa (1923) divided the lowermost fossil zone, Lonsdaleia zone (C;) of the
Akiyoshi limestone group into (C}) Nagatophylium satoi and (C}) Lonsdaleia flori-
formis subzones.

MinaTo (1949, 1952), who studed the coral specimens collected by Ozawa,
FuiiMoTo, SEkl and me, divided the Middle Carboniferous Nagaiwa Series of Japan
into Nagatophyllum zone of Nagato stage and Fusulinella zone of Taishaku stage.
He insisted that the Nagatophyllum zone is not Lower Carboniferous in age but is
Bashikirian in age.

Although my knowledge of coral faunas is too meager for discussion of them, it is
evident that the Fusulinella zone of Taishaku stage is represented in the Akiyoshi
limestone group by the Fusulinella biconica zone which is overlying a horizon referred
to the Nagatophyllum zone by Ozawa. Coral fossils occur at Tobinosu and Okubo
of Ota-machi and at many localities belonging to this horizon, while the Profusulinella
zone is underlying Fusulinella biconica zone in Shishidedai and in low hills around
Ueyama, both in Akago-mura, northeastern part of the Akiyoshi plateau. Therefore,
a question is raised whether the Profusulinella beppensis and Nagatophyllum zones
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are the same horizon or not. Because of the fact that both of these show almost
the same pattern of distribution, developing along the eastern, southeastern and
southern margins of the Akiyoshi and Ofuku plateaux and are underlying the
Fusulinella biconica zone, I am of the opinion that both zones may be of the same
stratigraphic age. However, future study will be needed for final determination.

It must be noted that considerable amounts of schalstein occur in the lowest part
of the Profusulinella zone and of the Nagatophyllum zone. Corals are obtained not
only in limestones but also in schalstein, while in some part of the Nagatophyllum
zone oolitic limestone barren of fossil predominates.

2. Fusulinella zone : Fusulinella biconica zone Cmg8

The uppermost fusulinid zone of the Pennsylvanian part of the Akiyoshi lime-
stone group is designated Fusulinella biconica zone. It is present in a wide belt that
extends from the northeastern part of the Akiyoshi plateau to the southern parts of
the Akiyoshi and Ofuku plateaux. In the overturned part of the Akiyoshi limestone
group, the Fusulinella biconica zone is present as erosion remnant on the high places
of both plateaux.

The Fuswulinella zone has hitherto bzen recognized as the F. bocki zone which
corresponds to Ozawa’s C, zone* and Hanzawa’s Lower Zone. There is, however, some
doubt about the specific identification of that species in earlier works, because most
fusulinellids having large shell were identified with F. bocki** due to the insufficiency
of MOLLER’s original description and illustration. Therefore, species of earlier reports
of this species should he restudied to verify the identifications of F. bocki MOILLER.

The lower part of Fusulinella biconica zone is characterized by such primitive
species of Fusulinella as F. simplicata n. sp, while the middle and upper parts of
the zone are yielding following species :

Fusulinella biconica (HAYASAKA)
F. itoi OzAWA***
F. cf. bocki MOLLER

*0zAWA (1923) wanted to designate his Cz as Fusulinella biconica zone, but he adopted
Fusulinella bocki zone, because the stratigraphic range of the former was uncertain.

** Because of the importance of the type species of the genus Fusulinella, THOMPSON (1945)
redescribed topotype specimens of the species at length. His figure (pl. I fig. 15) well agrees with
MOLLER’s original specimens.

**¥k OzAWA’s report of Fusulinella itoi from Shiraiwa, Omine-machi, associating with Upper Per-
mian species of Yabeima and Sumatrina caused the attention of students of fusulinid foraminifera.
THOMPSON referred (1946) that species to Yangchienia with question, and later (1948) to Neofusu-
linella ; while HANZAWA (1938) believed F. ifoi may have been derived from brecciated boulders
brought up from below by faulting of Moscovian rocks. It is unfortunate that OZAWA’s type
specimen of F. ifoi was lost from his collection. Having studied his syntype specimens I have
found that F. ifoi is not found in the same limestone mass with species of Yabeina, but is only
contained in limestone pebles of limestone conglomerate which is a member of the Upper Permian
Shiraiwa formation of the Tsunemori group (See Part II, Chapter 4).
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F. cf. psendobocki (LEE et CHEN)
F. subspherica n. sp.
F. spp. A, Band C

Fusulina akiyoshiensis n. sp.
Fusiella cf. typica LEe et CHEN

Beside these, long-ranging species of Staffella akagoensis n. sp., S. mollerana
TuowmrsoN, Foschubertella obscura (Lek et CHEN), E. spp. A and B are often associat-
ing throughout the Fusulinella biconica zone, although some of them are restricted
in occurrence in the upper part.

3. Pseudoschwagerina zone
A. Triticites simplex subzone Plx

The basal part of the Permian section of the Akiyoshi limestone group contains
prolific Triticites faunas. As the Uralian series of Russia and the Kawvian (Mis-
sourian and Virgilian) series of North America are designated T7iticites Zone,
establishment of Triticites subzone, if not zone, in the basal Permian rock may not
be appropriate because it may cause future confusion. Notwithstanding, the Triticites
fauna is so prolific in the basal Permian part of the Akiyoshi limestone group that
I cannot help but designated a Trificites simplex subzone after the name of a repre-
sentative species.

The T7iticites simplex subzone is most widely distributed among fusulinid zones
and subzones of the Akiyoshi limestone group. Except for the heights of both plateaux
and the bottoms of deep dolines and uvales, it presents widely in the northern half of
the Akiyoshi plateau probably because of accordance of the inclination of the strata
and the surface of the plateau. It is also present in considerably wide belts in the
southern part of the Akiyoshi and Ofuku plateaux, overlying the Fusulinella biconica
zone.

I have identified twenty species of Tyiticites, including ten new species, among
the Akiyoshi fusulinids. Almost all of them range continuously up to the upper
Pseudofusulina vulgaris subzone, and a few of them extend more into the Pseuxdo-
Sfusulina ambigna subzone. Careful observation shows that there are three groups
of Triticites faunas; one comprises species which mainly occur in the Triticites
simplex subzone, the other is rather characteristic of the Pseudofusulina vulgaris
subzone although it appears already in the Z¥iticifes simplex subzone, and the third
is common to both subzones.*

Species of Triticifes of the first group is, generally speaking, smaller in size of
shell and more weak in septal fluting than those of the second group.

* These differences are shown by thick and thin lines in the fossil list which will be attached
in Part IIIL
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Species of Triticites which mainly occur in the Triticites simplex subzone are

as follows:
Triticites simplex (SCHELLWIEN)

ozawat n. sp. (A part of T. montipora Ozawa)
noinskeyi Rauser-CERNOUSSOVA, var. n. var.
Zsaensis n. sp.
obai n. sp.
michiae n. sp.
suzukii (OzAWA)

NNNRNNNN

tantula n. sp.

Besides, the following species, though rare, are characteristic in this subzone®
Pseudoschwagerina muongthensis (DEPRAT)
Schwagerina sato: (OzAWA)
Quasifusilina longissima var. tenuis (LEE)

Pseudoschwagerina muongthensis (DepraT) is a well-known species which is
characteristic of the basal Permian of the Tethys region, while Schwagerina satoi
(0Ozawa) is an intermediate form between Triticites and Pseudoschwagerina. It should
be noted that Pseudoschwagerina muongthensis appears first in a horizon a little above
the base (about 5m above the base of Section IV and XXI), but not at the lower-
most part of the Triticites simplex subzone. The basal part of this subzone contains
in abundance only the species of T7zticifes listed above.

Minute species of Ozawainella akiyoshiensis n. sp., O. sp. A, Nankinella nagatoensis
n. sp. and Schubertella japonica n. sp. are scarse in the T7riticites simplex subzone,
but some of them are not restricted to this subzone, but extend into the overlying
subzones.

In short, it has been ascertained that the lowest part of Permian rocks of the
Akiyoshi limestone group is characterized by prolific Tréticites faunas, and especially
that the most basal part yields only species of that genus.

B. Pseudofusulina vulgaris subzone P13

The upper subzone of the Psewudoschwagerina zone in the Akiyoshi limestone
group is designated the Pseudofusulina vulgaris subzone. Like the lower subzone, it
is widely distributed in the eastern and southern parts of the Akiyoshi and in the
southern part of Ofuku plateaux, overlying the T¥iticifes simplex subzone. It is

* As indiuiduals of Pseudoschwagerina are very few in number in the Akiyoshi limestone
group, it is sometimes impossible to find them unless we collect a large quantity of limestone. On
the other hand, individuls of accompanying species of Tvificites are so large in number that the
ratio of individuals of Pseudoschwageerina to Triticites may be more than 1: 100. Accordingly, the
possibility of finding species of Pseudoschwagerina is related to the amount of material collected
and the number of slides studied. According to the personal information from Mr., KANMERA, the
same is the case with Pseudoschwagerina zone of southern Kyushu.
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also present in the northern overturned part of the Ofuku plateau.

Among fusulinid zones and subzones of the Akiyoshi limestone group, the
Pseudofusulina vulgaris subzone is the most prolific in fusulinid fossils, and contains
more than fifty species.

(1) The following species of Pseudofusulina appear almost simultaneously in
this subzone.

Pseudofusulina vulgaris (SCHELLWIEN)
vulgaris var. globosa (SCHELLWIEN)
vulgaris var. megaspherica n. var.
watanabei (OzAWA)
globosa var. exilis n. var.
isaensis n. Sp.
ambigua (DEPRAT)
yobarensis (OzAWA)

TNy

kraffti var. magna n. var.

Of these, some species range up into the upper Pseudofusuling ambigua subzone
and others further into the upper Parafusulina kaerimizensis subzone and even into
the Neoschwagerina craticulifera subzone.

(2) As already stated, species of Triticites are considerably abundant in this
subzone. Most of them, however, had already appeared in the lower Triticites simplex
subzone, and some become more abundant in this subzone. Few species of T¥iticiles
appear for the first time in this subzone.

Rather characteristic species of T#éticites to this subzone are as follows:

Triticites ellipsoidalis n. sp.

T. hayden: (OzawA)

T. kawanoboriensis Huzimoto
T. kuroiwaensis n. sp.

T. densa n. sp.

Of these, T. ellipsoidalis, which is a small, ellipsoidal to subcylindrical species, is
a good indicator for this subzone, as well as Acervoschwagerina akiyoshiensis which
will be mentioned later.

Species of T7riticites which continuously occur from the lower subzone are as
follows :

Triticites suzukii (OzAWA)

tantula n. sp.
biconica n. sp.
noinskey: Rauser-CERNOUSSOVA, var. n. var.
simplex (SCHELLWIEN)
isaensts n. sp.

b B Bie N B B

obai n. sp.
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T. arctica (SCHELLWIEN)
T. spp. A, and C
(3) Schwagerina is also abundant in the Pseudofusulina vulgaris subzone, most
of the species are rather small in size and primitive and are considered to be tran-
sitional forms from T7iticites to Schwagerina. It is sometimes difficult to determine
to which genus they belong. ‘
Species of Schwagerina restricted to this subzone are as follows:
Schwagerina okafujii n. sp.
tschernyschewi (SCHELLWIEN)
etoi n. sp.
cf. alpina var. rossica (SCHELLWIEN)

cf. otukai HuzimoTo
S. spp. B and C
Species of Schwagerina which mainly occur in this subzone, but extend into upper
subzones include the following :
Schwagerina kueichihensis (CHEN)

S. regularis (SCHELLWIEN)

S. kyowaensis n. sp.

S. krotow: (SCHELLWIEN)

S. cf. royandersoni TuompsoN, WHEELER and DANNER

(4) Representatives of Dunbarinella and Nagatoella also occur in this subzone,
though they are very scarse. The stratigraphic range of the former genus is almost
restricted within this subzone, whereas that of the latter is very long, extending
even into the Neoschwagerina craticulifera subzone.

Species of Dunbarinella and Nagatoella are as follow:

Dunbarinella cervicalis (CHEN)

D. n. sp. A
Nagatoella kobayashii TrHoMpsoN
N. sp. A

(5) As well as Triticites ellipsoidalis n. sp., Acervoschwagerina akiyoshiensis n.
sp. is one of the best index species for this subzone. The said subgenus was est-
ablished by Hanzawa (1949) for a form ffym the Sakmarian Gonbo formation of Gifu

Prefecturc, Central Japan, in which Parafusulina sp. and Schwagerina sp. were also
reported.

(6) Few species of Parafusulina appear in this subzone, of which P. lutugini
(ScHELLWIEN) is restricted to this subzone, while P. gigantea (DEPRAT) extends far
into the upper subzones.

(7) Longranging minute species of Ozawainella, Nankinella, Staffella, and
Schubertella are associating with species listed above. They are as follows:

Ozawainella akiyoshiensis n. sp.
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Nankinella nagatoensis n. sp.
Staffella cf. mollerana TnompsoN
S. yobarensis OzAWA

S. spp. A and B
Schubertella japonica n. sp.

S. kingi DuNBAR and SKINNER
It fll?uld be noted that Schubertella kingi Dunsar and SKINNER, reported from
[23
the Gjpef—éruééa-ﬁrpvm" Bk fan rocks of North America, is found in this subzone.
4. Parafusulina zone

A. Pseudofusulina ambigua subzone Pl

The lower subzone of the Parafusulina zone in the Akiyoshi limestone group is
here designated Pseudofusulina ambigua subzone. Comparing with the two subzones
below, this subzone is considerably limited in its geographic distribution. In the
Akiyoshi plateau, it occurs on the top and middle of the eastern slope of the Kaeri-
mizu doline, where the order of succession is normal and reverse, respectively. It
is also present at the central part (in normal order) and the western slope (in reverse
order) of the plateau. In the Ofuku plateau, it is present in the heights of south-
eastern and southwestern parts (both in normal order), and in south central part
and northern slope (in reverse order). The Pseudofusulina ambigua subzone of
normal order is distributed in a belt with a northeast by east direction, always
bordering with the lower Pseudofusulina vulgaris subzone.

Among the fusulinid zones and subzones of the Akiyoshi limestone group, the
Pseudofusulina vulgaris subzone is, as mentioned already, most prolific, while number
of species decreases in the present subzone.

(1) Species of Pseudofusulina are still common in this subzone. The following
species are obtained in it :

Pseudofusulina ambigua (DEPRAT)
yobarensis (OzawA)
kraffti (SCHELLWIEN) var. magna n. var.
vulgaris (SCHELLWIEN)
vulgaris var. globosa (SCHELLWIEN)
vulgaris var. megaspherica n. var.
watanabei (Ozawa)
Of these species, the first two are characteristic of this subzone, and the others

are, as already stated, present in the lower Pseudofusulina vulgaris subzone but are
incidental to this one.

NYTYTIY

(2) Species of Triticites, which are the last representatives of that genus, and
species of Schwagerina, which succeed from the subzone below or have long duration,
are present in this subzone. They are as follows:
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Triticites haydeni (OzAWA)

T. biconica n. sp.

Schwagerina kueichihensis (CHEN)

S. regularis (SCHELLWIEN)

S. kyowaensis n. sp.

S. krotowi (SCHELLWIEN)

S. cf. royandersoni TnomrsoN, WHEELER and DANNER

(3) Parafusulina giganiea (DerraT) appeared first in the lower Pseudofusulina
vulgaris subzone but also occurs in this subzone, while Parafusulina pseudojaponica
n. sp.* appcars first in the upper part of this subzone.

(4) In addition, long-ranging species of Nagatoella and minute fusulinids occur-
ing with the species listed above include the following :

Nagatoella kobayashii THoMrsoN

N. sp. A

Nankinella nagatoensis n. sp.

Staffella spp. A and B

Schubertella japonica n. sp.

S. kingi DunBar and SKINNER
B. Parafusulina kaerimizensis subzone Pma

The upper subzone of the Parafusulina zone is here designated the Parafusulina
kaerimizensis subzone. Compared with the lower three subzones, this subzone is very
limited in geographic distribution, covering only the following areas; the lower part
of the eastern slope of the Kaerimizu doline (between the levels of 35m to 100m above
the bottom of the doline), and the northwestern part (in reverse order) in the Ofuku
plateau.

The faunal assemblage in this subzone is in considerable contrast to the Pseudo-
Sfusulina ambigua subzone, though species of Parafusulina are common to both.

In this subzone no species of Triticites is present, while species of Parafusulina
kaerimizensis and its allies and long-ranging species of Schwagerina, Nagaloella, and
Pseudofusulina are associated. They are as follows:

Parafusulina kaerimizensis (Ozawa)
P. edoensis (OzawA)
P. pseudojaponica n. sp.

*1 distinguished Parafusulina psendojaponica as a new species of Parafusulina from Pseudofu-
sulina japanica (GUMBEL) because it has considerably large proloculus, heavy axial fillings, and
clear cuniculi. GUMBEL’s oaiginal illustration shows that Fusulina japonica has very few axial
filling if any. The presence of cuniculi and phrenotheca can not be ascertained. THOMPSON (1948)
referred this species to Pseudofusulina with question. Schellwienia japonica %seribed by OzAwWA
from Akasaka limestone has also very few axial filling. Because their being been often reported
as representatives of the Parafusulina zone, as well as Parafusulina kaerimizensis OZAWA, it seems
that they should be restudied in more detail.
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P. gigantea (DEPRAT)

P. spp. A and B

Schwagerina kyowaensis n. sp.

S. cf. royandersoni THompsoN, WHEELER and DANNER
S. cf. douvillei (CoLANI)

Nagatoella kobayashii THoMPsON

N. sp. A

Pseudofusulina yobarensis (Ozawa)

P. kraffti var. magna n, var.

It should be pointed out that species of verbeekinids and neoschwagerinids first
appear in this subzone. They are, however, incidental in their occurrences, being
considered to be forerunners of the overlying Neoschwagerina craticulifera subzone
in which they are prolific. Also it must be noted that they occur not necessarily
throughout the whole range of this subzone. For example, Neoschwagerina crati-
culifera (SCHWAGER) begins to appear sporadically in the horizon 20m above the
bass of Section I at Kaerimizu. The following species are determined :

Misellina ? sp.

Pseudodoliolina ozawai Yase and HANzAWA
Neoschwagerina craticulifera (SCHWAGER)

N. craticulifera var. haydeni DouTKEVITCH
N. spp. A and B

Afghanella schencki THOMPSON

In addition, long-raning minute fusulinids are in this subzone.
Nankinella nagaioensis n. sp.
Staffella spp. A and B
Schubertella japonica n. sp.

5. Neoschwagerina zone
A. Neoschwagerina craticulifera subzone Pmg3

“ Neoschwagerina craticulifera zone” is well known in the Permian rocks of
Japan, except in the Kitakami massif. In the Akiyoshi limestone group the Neosch-
wagerina craticulifera subzone is also well ascertained, though its distribution is
limited. It is present in the lower part of the eastern slope of the Kaerimizu doline,
composihg a fossil zone of about 25m in thickness. In the Ofuku plateau it occurs
in the lowest part of northwestern margin (in reverse order).

Neoschwagerinids and verbeekinids predominate in this subzone. They include
the following species :

Neoschwagerina craticulifera (SCHWAGER)
N. craticulifera var. haydent DoUTKEVITCH
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N. spp. A and B
Afghanella schencki THOMPSON
A. sp. A
Pseudodoliolina psendolepida (DEPRAT)
P. ozawai YABE and HanzAawa
Of these, some are, as stated above, already present sporadically at least in the
upper part of the Parafusulina kaerimizensis subzone, associated with Parafusulina
kaerimizensis and its allies. In the present subzone Neoschwagerina craticulifera
and N, craticulifera var. haydeni, as well as Afghanella schencki, are very prolific,
forming a well-defined fossil zone.
The accompanying species to this subzone are such long-ranging species of Sch-
wagerina, Nagaloella, Pseudofusuline and Parafusulina as the following:
Schwagerina cf. royandersoni TrompsoN, WHEELER and DANNER
S. cf. douville: (CoLaNI)
S. sp. A
Nagatoella kobayashii THoMpsON
Pseudofusulina kraffti var. magna n. var.
Parafusulina gigantea (DEPRAT)

P. kaerimizensis (OzAwA)
P. edoensis (OzZAWA)

P, pseudojaponica n. sp.
P, spp. A and B

Parafusulina kaerimizensis and P. edoensis do not occur in the upper part of this
subzone.
As in the lower subzones are minute fusulinids present which have long ranges.

They are as follows :

Ozawainella sp. B*
Nankinella nagaioensis n. sp.
Staffella spp. A and B
Schubertella japonica n. sp.

B. Verbeekina verbeeki subzone Pmry

So far as the fusulinids are concerned, the Verbeekina verbeeki subzone is the
highest one in the Akiyoshi plateau. This subzone occurs in the lowest part (level
of 15m to 25m above the ponor) of the eastern slope of the Kaerimizu doline,
forming a fossil zone of about 10m in thickness in which Verbeekina verbeeki is
exclusively contained. In the very lowest part of the eastern slope, that is to say,
from the ponor of doline up to the level of 15m above, neither species of verbeek-

* Stratigraphic range is limited to this subzone.
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inid nor of neoschwagerinid occurs, but Parafusulina pseudojaponica and P. spp. A
and B are found just around the ponor. It is not known if this part is contained in
the Verbeekina verbeeki subzone.

C. Neoschwagerina douvillei subzone Pmd

The highest subzone of the Neoschwagerina zone in the Akiyoshi limestone
group is here designated Neoschwagerina douvillei subzone. It is extremely narrow
in its distribution. This subzone only occurs in the lower part of the western slope
of the Yobara doline (Section XXVI), comprising a fossil zone of about 20m in thick-
ness. So far as surveyed it has not been detected in the Akiyoshi plateau.

The Neoschwagerina douvillei subzone is very prolific in species of Neoschwagerina,
but no species of Yabeina is associated with them.

The following species have been determined in the Neoschwagerina douvillei
subzone of Section XXVI:

Neoschwagerina douvillei Ozawa

N. megaspherica DEPRAT
N. tobleri LANGE
N. craticulifera var. haydeni DoUTKEVITCH

The Neoschwagerina douvillei subzone of Section XXVI consists of white to dark
blue limestone, which is more or less brecciated in the upper part of the subzone.

6. Yabeina zone: Yabeina shiraiwensis zone Pu«x

The uppermost fusulinid zone of the Akiyoshi limestone group is the Yabeina
shiraiwensis zone, which does not occur in the Akiyoshi plateau but is rather widely
distributed in the Ofuku plateau. This zone occurs in the following localities in the
Ofuku plateau:

i. The central part of the northern margin-—near Serita along the road between
Serita and Yobara, Beppu-mura.

ii. The southern area of the community of Yobara—along the road between
Yobara and Irimi.

iii. The lower part of the northern slope of Amagoi-yama, the eastern end of
which is seen at the entrance to Okugawara.

iv. Remain of the limestone quarry to the northeast of the Shigeyasu station.

Fusulinids of the Yabeina shiraiwensis zone are characterized by the association
of specialized Yabeina and Sumatrina. They include the following species:
Yabeina shiraiwensis Ozawa
Y. pinguis n. sp.
Y. spp. A and B
Sumatrina longissima (DEPRAT)
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Schwagerina sp. A, which is highly specialized form of that genus, is often asso-
ciating with species of Yabeina or Sumatrina.

The Yabeina shiraiwensis zone is found only in the overturned part of the Aki-
yoshi limestone group, and no representative of this zone is seen in the normal
part. Hence the upper limit of this zone is unknown.

Chapter 2. Correlation of the Fusulinid zones

General Considerations

It is well accepted among the students of the Upper Paleozoic stratigraphy that
the fusulinid foraminifers play a great roll in the study of Pennsylvanian and Per-
mian stratigraphy. Most larger groups of fusulinids developed along closely similar
phylogenetic trends and in approximately the same stratigraphic order in Europe,
America and Asia including Japan. It is also well recognized that the stratigraphic
ranges of genera are very useful for interregional as well as intercontinental cor-
relations, while species have been found very serviceable as index fossils for
stratigraphic correlations in local areas.

Since Ozawa’s studies (1925, 1927) to TuompsoN’s study of American Fusulinids
(1948), many papers regarding fusulinid zones have been published. In this country
Yase (1948, 1949A, B), Fuiimoro (1951, 1952), Kanmera (1952A, B, 1953) and others
expressed their opinions concerning the matter very recently.

In this chapter, correlations of fusulinid zones of the Akiyoshi limestone group,
which have been described in detail in the foregoing chapter, with those of other
Pennsylvanian and Permian rocks of not only Japan but also of other parts of the
world will be discussed.

In Japan it has been ascert;'ined that the following fusulinid zones exist in rocks
ranging in age from the Upper Mississippian to the Upper Permian* They are in
descending order :

10. Lepidolina zone
Yabeina zone
Neoschwagerina zone
Parafusulina zone

S N x

Pseudoschwagerina zone
5. Triticites zone

* From paleogeographic point of view Japan is a part of the Tethys region of the eastern
Hemisphere, hence it is natural to use such European divisions of-Period or System as Moscovian,
Uralian, Sakmarian, Artinskian, etc. However, correlation of fusulinid zones with them has not yet
been satisfactorily established in Europe, although GERTH ( 1950) " has recently classified Permian
rocks based on ammonoid faunal zones:; while it is very precisely determined in North America.
In this paper, therefore, American usage of divisions of Pennsylvanian and Permaian Periods and
Systems will be applied to avoid future confusion and for the completeness’ sake.



Geology of Akiyoshi 59

Fusulina zone
Fusulinella zone

Moo

Profusulinella zone
1. Millerella zone

The zones 3, 6, 7, 8, and 9 have been widely recognized in Japan, and it has been
either recognized or assumed that a stratigraphic hiatus exists below Wolfcompian
(or Sakmarian) rocks not only in Japan but also widely separated area, including
Manchuria, Korea, and North and South China. Very recently, however, the zone
of Triticites has been found at several places in Japan by KaANMERA (1952A), Kawapa
and Fuiimoro (1952), Kanuma (1952) and Morikawa (1953). The first mentioned
author also reported the existence of the Millerella zone at the lowest part and of
the Fusulina zone between the Fusulinella zone and the Triticites zone in Upper
Paleozoic rocks of southern Kyushu. At the same time, he proposed to establish the
Lepidolina zone from stratigraphic and paleontologic points of view. I (1952) have
also suggested that the uppermost fusulinid zone in the Kitakami massif, northeast
Japan should be designated the Lepidolina zone.

As already mentiond, typical Triticiles and Fusulina zones are lacking in the
Akiyoshi limestone group, notwithstanding the fact that there is no visible trace of
a stratigraphic break between rocks of the Pseudoschwagerina and Fusulinella zones.
Although the Millerella zone has not yet been found in the Akiyoshi limestone
group, it may not be impossible to expect the existence of Millerella zone in the
lowest part of the group, especially in the eastern part of Akiyoshi and southern
parts of both Akiyoshi and Ofuku plateaux, where the group is laid in normal order.
Actually T have found a species of Millerella ? in the limestone pebble contained in
the limestone conglomerate of the Beppu group which might have been derived from
the Akiyoshi limestone group.

1. Profusulinella zone Cma

Profusulinella occurs in the lower part of the Atokan series (Lower Middle Penn-
sylvanian) in North America and in rocks of lower Moscovian age of northern
Urals and Samara Bend of Russia. In North America several species of Millerella,
Ozawainella, Nankinella, Eoschubertella, Pseudostaffella and Staffella occur associated
in the Profusulinella zone. As already pointed out by TuoMrsoN (1948) and Moore and
THomrson (1949) genera of Profusulinella and Fusulinella do not overlap each other
in the Mid-Continent of North America. While in Asia, the lower part of the
Huanglung limestone of China, which contains species of both Profusulinella and
Fusulinella, seemingly ranges in age from Profusulinella zone to the Fusulinella
zone.

In the Akiyoshi limestone group, representatives of Millerella and Pseudostaffella
have not been found yet, it is noteworthy that primitive representatives of Fusu-
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linella and species of Akiyoshiella already appear in the rocks referred to the Pro-
Sfusulinella zone. At Shishidedai, Akago-mura, Akiyoshiella ozawai, the type species
of the genus, and A. sp. A occur associated with Profusulinelle sp., while at the
north of Taisho-cave, Akago-mura, Profusulinella beppensis n. sp. is associated with
Fusulinella sp. C which is referred to the genus with question.

It is of interest that Tuompson, PITRAT and SanpersoN (1953) have very recently
described Akiyoshiella toriyamai from a part of the Cache Creek group of central
British Columbia, where it is associated with Fusulinella jamesensis and species of
Millerella?, Nankinella and Staffella. Fusiform type of Fusulinella jamesensis,
including the holotype specimen, is very closely allied, if not conspecific, with F.
simplicata n. sp. which occurs in the lower part of the Fusulinella biconica zone of
the Akiyoshi limestone group. It seems, therefore, that the genus Akiyoshiella occurs
in slightly different horizon in the opposite sides of the Pacific Ocean, and that the
genus may be ranging in age from the Profusulinella zone to the Fusulinella zone,
although the phylogenetic relation of Akiyoshiella to other genera is not understood.

As mentioned above, it is beyond doubt that species of Profusulinella occurs
with primitive form of Fusulinella in the Akiyoshi limestone group, and there is no
evidence to show that shells of Profusulinella had been derived from the underlying
beds. Therefore, I am of the opinion that primitive form of Fusulinella had been coex-
isted with species of Profusulinella which is, in turn, associated with species of Akéyoshi-
ella. However, I have no positive evidence to determine whether Profusulinella and
Akiyoshiella range upward into the lower part of the Fusulinella zone or Fusu-
linella ranges down into the upper part of the Profusulinella zone. Fusulinella sp. C
which occurs with Profusulinella beppensis n. sp. is considered to be one of the most
primitive form of Fusulinella, while Profusulinella beppensis n. sp. is in no way
specialized but is a rather primitive form of that genus. Accordingly, the latter
alternative is seemingly more appropriate.

In short, the fact that characteristic species of the Profusulinella zone in the
Akiyoshi limestone group, viz., Profusulinella beppensis and P. sp. resemble P. copiosa
and P. marblensis, respectively, which are known in the lower part of the Profusu-
linella zone of North America, and that the occurrence of P. (?) rhomboides which
was described from the lower part of the Huanglung limestone, lead me to the con-
clusion that the Profusulinella beppensis zone of the Akiyoshi limestone group is
certainly to be correlated with the Profusulinella zone of North America.

Although the Profusulinella zone has not yet been reported in other part of Japan,
it may be possible that more detailed future study on fusulinids contained in the
Fusulinella zone will demonstrate the existence of Profusulinella zone in the so-called
“Fusulinella zone,” especially in the lower part of it.
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2. Fusulinella biconica zone CmpB

Species of Fusulinella are widespread in the Moscovian series of the Tethys
region. The genus dominates the fusulinid fauna of the upper Atokan series but
ranges upward into the lower part of Fusulina zone in North America. The part
of the section in which advanced Fusulinella is associated with primitive Fusulina
is considered to belong to the Desmoinesian stage. The Fusulinella zone is also
widespread in Asia, to which the Taiyuan seris of South Manchuria and North China
and the upper part of the Huanglung limestone have been identified.

In the Akiyoshi limestone group, Ozawa’s C, Fusulinella bocki zone and HAN-
zAWA’S Lower Zone are unquestionably referred to the Fusulinella biconica zone, in
which rather large species of “ Fusulinella bocki” and its allies are dominating.
They have massive chomata and almost plane septa. Faunally they show a closz
resemblance to those of the Taiyuan series of South Manchuria and North China and
to those of the Huanglung limestone of South China, displaying characteristic of
the Tethys fusulinids.

As listed already, the upper part of the Fusulinella zone is characterized by the
association of such advanced forms of Fusulinella as F. biconica (HavAasaKA) and its
allies and by such primitive one of Fusulina as F. akiyoshiensis n. sp. It is interest-
ing enough that almost exactly the same kind of faunal association has been reported
by Tuomrson (1948) from the Pennsylvanian rocks of New Mexico in North America,
where Fusulina n. sp. occurs associating with Fusulinella cf. iowensis Tnompson.
The former has much resemblance with Fusulina akiyoshiensis n. sp., showing close
relationship, if not conspecific, while Fusulinella cf. iowensis TrnoMmpsoN resembles F.
biconica (HavasawAa) and its allies, having massive chomata and almost plane septa.
As pointed out by Tuomreson, these primitive forms of Fusulina are considered to
be gradational in nature between some form of Fusulinella in the lower Middle
Pennsylvanian (lower Oklan) and forms of Fusulina in the upper Middle Pennsyl-
vanian (upper Oklan).

In short, the fact that the Fusulinella biconica zone of the Akiyoshi limestone
group contains primitive form such as F. simplicata n. sp. in the lower part and
advanced forms of Fusulinelle with Fusulina akiyoshiensis n. sp. in the upper part,
shows that the Fusulinella biconica zone is of about the same age as the whole of
the Fusulinella zone and the basal part of the Fusulina zone of North America. In
another words, rocks of the Fusulinella biconica zone are correlated with the Atokan
stage and the basal Desmoinsian stage. In North America, however, a stratigraphic
break is generally recognized between Atokan and Desmoinesian rocks, and paleonto-
logical discontinuity at this hiatus is said to be of considerable magnitude.

In the Akiyoshi limestone group, there is no evidence to show any kind of
stratigraphic break or paleontologic discontinuity between the upper and lower parts
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which may correspond to those in North America. While the Fusulinella biconica
zone will be certainly identified to the middle part of Moscovian rocks in Russia.

3. Pseudoschwagerina zone
A. Triticites simplex subzone Pl

The Carboniferous-Permian boundary problem, which attracted the worldwide
attenion of students of Upper Paleozoic stratigraphy for many years, was also fully dis-
cussed in Japan. It has been either recognized or assumed that the so-called “ Uralian”
series is lacking even where no stratigraphic break is observable beween the overly-
ing rocks of Wolfcampian (or Sakmarian) age and the undyling rocks of Oklan (or
Moscovian) ages. Very recently, however, the existences of Uralian rocks have
been reported by Kanmera (1952), Kawapa and Fujimoro (1952), and Kanuma
(1952) from southern Kyushu and central Honshu. Accordingly, the “ Uralian ” pro-
blem has been brought up again to Japaness geologists.

As already discussed, it has ascertained that the Fusulina zone and the Triticites
zone are lacking in the Akiyoshi limestone group, in spite of the fact that there
being no visible evidence of a stratigraphic break between the Pseudoschwagerina
zone and the Fusulinella zone.

The Triticites simplex subzone which is, as defined, the lower subzone of the
Psendoschwagerina zone, contains abundant species of Z'wéticites, of which species
hitherto described, as well as new ones, show characteristics of the so-called
“Tethyian fauna” of the Moscow Basin, Samara Bend and China, etc.

There is almost no doubt that the Triticites simplex subzone is identified with
rocks of Lower Permian age in other parts of the world, namely, for example, the rocks
of early Sakmarian age in Russia and of early Wolfcampian age in north America.
Although characteristic species of this subzone, such as Z7iticites simplex, T. arctica
and T. montipara, are known from the Uralian series, they are also characteristic
species of the Sakmarian series of Russia. So far as known in Japan, both Triticites
simplex and T. ozawai* have been reported from Sakmarian rocks with species of
Pseudoschwagerina and from recently found ¢ Uralian” rocks in Central Honshu.
With their allied forms, these species are clearly distinguishable from Zriticites
matsumotor (MS) and 7. yayamadakensis (MS), which were reported by KANMERA
(1952A) from the Uralian Yayamadake subgroup of southern Kyushu.

As already stated in Chapter 1, there is a horizon composed exclusively of species
of Triticites at the base of the Triticites simplex subzone of the Akiyoshi limestone
group. As pointed out by TrHompson and others (1946), it is of interest to note

* As OzAwA’s Triticites montipara is not conspecific with SCHELLWIEN's type specimen, I dis-
tinguished species referable to T. montipara OZAWA from Fusulina montipara SCHELLWIEN as a
new species 7. ozawai.
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that the same relationship exists in the basal Wolfcampian rocks of Kansas, north-
central Texas and the Glass Mountain of Texas in North America where the lowest
fusulinid fauna consists of only species of Triticites.

On the other hand, it should be noted that KanMerA (1952A) reported the exist-
ence of a horizon of 20-30m in thickness which contains only species of Titicites
above the horizon in which species of Psexdoschwagerina first appear in the basal
part of the Psendoschwagerina zone of the Yayamadake subgroup. At the same time,
KANMERA reported the stratigraphic hiatus between the Pseudoschwagerina and un-
derlying Triticites zones; accordingly, it is assumed that some horizon which should
be correlated with thea upper part of Kawvian Triticites zone of North America is
still lacking in the Yayamadake subgroup.

From a paleontologic point of view it seems that a more critical discussions on
Triticites zone recently found in central Honshu should be made to determine if it
really is “ Uralian” in age or is referable to some horizon which should be included
in the lower part of the Pseudoschwagerina zone.

The Triticites simplex subzone of the Akiyoshi limestone group is safely correlated
with Ozawa’s Pseudoschwagerina moungthensis subzone (C}) and the lower part of
Hanzawa’s Middle zone.

B. Pseudofusulina vulgaris subzone P13

The Pseudofusulina vulgaris subzone of the Akiyoshi limestone group is clearly
of the same age as OzawA’s Schwagerina princeps subzone (C3) and Hanzawa’s
Middle zone, and perhaps a part of the Lower subzone of the Upper zone, because
the fusulinid fauna of this subzone is characterized by Pseudofusulina vulgaris and
its allies and Pseudoschwagerina sp., though the latter species is very rare.

As stated in Chapter 1, the Pseudofusulina vulgaris subzone is the most prolific
of the fusulinid faunas, containing many of the Lower Permian species of Psexdo-
Sfusulina, Schwagerina and Triticites. Faunistically speaking, the faunal assemblage
of this subzone shows a close relationship to the Tethys fusulinids of the C% and C}
of the Moscow Basin, Samara Bend, Darwas, etc.

Pseudofusulina vulgaris (SCHELLWIEN), the index species of this subzone, has often
been reported with species of Pseundoschwagerina in the Lower Permian rocks of
Japan. In the Akiyoshi limestone group, Acervoschwagerina® akiyoshiensis n. sp.
and Triticites ellipsoidalis n. sp. are also good horizon indicator, the stratigraphic

* Acervoschwagerina was established as a subgenus of Paraschwagerina by HANZAWA who once
discussed at some length on stratigraphic occurrences of the said genus. He (1941) considered that
the genus Paraschwagerina is ranging from Sakmarian (Pseudoschwagerina zone) into Artinskian
(Parafusulina zone). However species of Parafusulina already appear in the upper part of Pseu-
dofusulina vulgaris subzone ; therefore, coexistence with species of Parafusulina not necessarily show
the Artinskian age. In North America stratigraphic occurrence of Paraschwagerina is restricted to
the Psuedoschwagerina zone, and no species of that genus is known in the Parafusulina zone.
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occurrences of which are restricted to this subzone.
In short, Pseudofusulina vulgaris subzone is correlated with the upper part of
the Wolfcampian or Sakmarian series.

4, Parafusulina zone
- The Leonardian series and a lower part of the Guadalupian series of North
America and the Artinskian series of Ural are referred to the Parafusulina zone.
In Japan, the Parafusulina zone is sometimes rather hard to recognize faunally, an
example of which is seen in the Upper Paleozoic rocks of the Kitakami massif where
the Shishiori stage of the Kanokura series is considered to be Parafusulina zone.*
In the Kwanto massif, the lower part of Huzimoro’s III, zone of Neoschwagerina
craticulifera or Schwagerina ( Pseudofusulina) ambigua, is perhaps referable to the
Parafusulina zone. It is well known that a good display of the Parafusulina zone
is present in Nabeyama, Ashio massif, but paleontologic study of it has not
yet been published. In the Akiyoshi area Ozawa’s CPg, Fusulina (Parafusulina)
lutugini subzone, is at least contained in the Parafusulina zone.

I subdivided the Parafusulina zone of the Akiyoshi limestone group into two
subzones, the lower Pseundofusulina ambigua and upper Parafusuline kaerimizensis

subzones.
A. Pseudofusulina ambigua subzone Ply

Fusulina ambigua was described with F. subcylindrica from French-Indochina by
DerraT who considered that they are Upper Permian in age. OzAwA established the
Fusulina ambigua subzone (Pj) in the Neoschwagerina zone. In his collection, how-
ever, only two thin sections are found which are labeled as F. ambigua, both of them
are not well oriented ; he described the same spcies in the lowest Benijima Iimestone of
Akasaka. Although there are some discrepancies between the faunal contents of the
Benijima limestone determined by Ozawa and those of the lowest horizon which
DepraT (1914) considered Uralian in age, Minato (1952) regards both of them as
Lower Permian elements.

In the Akiyoshi limestone group, the Pseudofusulina ambigna subzone is con-
sidered to be of the upper part of the Lower Permian, because associated species
with the index species of P. ambigua (DrrraT) include species of Pseudofusulina
vulgaris and its varieties. The latters continuously occur from the lower subzone with
species of Triticites, though very few in number ; while species of Pseudoschwagerina
are absent in this subzone, but species of Parafusulina already appear. Therefore,
the Pseudofusulina ambigua subzone is regarded as the lower subzone of the Para-
fusulina zone.

* Because of the extreme poor state of preservation the fusulinids of Kitakami massif are not
appropriate for a critical paleontologic study, although I (1952) have described some of them very
recently.
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Laying special emphasis on faunal assemblages, 1 placed the boundary between
the Lower and Middle Permian on the top of the Pseudofusulina ambigua subzone,
although it lies between the lower and upper subzones of the Parafusulina zone.
Namely, the lower subzone of the Parafusulina zone (Pseudofusulina ambigna sub-
zone) still contains species of Tyificites and faunal aspects in general common to that
of the Pseudoschwagerina zone. On the other hand, the upper subzone (Parafusulina
kaerimizensis subzone) contains no species of Trilicites, but contains already many
representatives of Verbeekininae and Neoschwagerininae. Species of Parafusulina are
common through both subzones.

B. Parafusulina kaerimizensis subzone Pma

As index species for Parafusulina zone, P. kaerimizensis (Ozawa) has often been
reported in Permian rocks of Japan. As Ozawa’s type is not a perfect specimen, it
might be a case that many species have been referred to P. kaerimizensis which
should be referred to other species. OzAawA regarded P. kaerimizensis as a member
of Parafusulina lutugini subzone (CPg), the lowest subzone of Neoschwagerina zone
in the AKkiyoshi limestone. FujimoTo (1936, 1944) reported the species from the lower
Permian P; (Artinskian) in the Kwanto massif and from the lowest Permian (Sak-
marian) in the Taishaku plateau, Hiroshima Pref. It is known that P. kaerimizensis
occurs abundantly in Nabeyama, Tochigi Pref., but the exact stratigraphic position
of it has not yet been determined with certainty.

Parafusulina kaerimizensis shows a rather long range in the Akiyoshi limestone
group of the Section I at the Kaerimizu doline, the type locality of the species. However,
it is most abundant near the bottom of doline, that is to say, in the upper horizon
of Section I. In the Section XVI on the northern margin of the Ofuku plateau, it is
also prolific in the upper part of the section.

As pointed out already, there is a rather marked contrast between the faunal
assemblages of the Parafusulina kaerimizensis and Pseudofusulina ambigua subzones,
although both belong to the Parafusulina zone. Comprising many representatives of
primitive verbeekinids and neoschwagerinids as forerunner but no species of Tréticites
and primitive Schwagerina, the Parafusulina kaerimizensis subzone is assumed to be
Middle Permian in age. It is correlated with the upper part of the Parafusulina
zone, viz., to the lower Guadalupian in North America.

In the Kitakami massif, the Shishiori stage is considered to be referable to the
Parafusulina zone, the faunal assemblage of which seems to represent, however, only'
the upper subzone of the Parafusulina zone. Accordingly, it may be possible that
the lower subzone—the Pseudofusulina ambigua subzone in the Akiyoshi limestone
group—is lacking in the Kitakami massif.
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5. Neoschwagerina zone

Representatives of Neoschwagerininae and Verbeekininae* have been regarded
as the characteristics of Middle and Upper Permian fusulinids of Tethys Sea region,
In North America the occurrences of both subfamilies are restricted to the northern
part of the Pacific Coast, including British Columbia, Washington and Oregon, from
where TuompsoN, WHEELER and DaANNEr (1950) have described many species of
neoschwagerinids and verbeekinids designating them as American Tethys faunas,
because they are closely related to the Middle and Upper Permian faunas of the
Orient, including Japan, China and French-Indochina.

Because neither species of neoschwagerinid nor verbeekinid has been found in
the Permian rocks of Mid-Continent region of North America, the relationship between
the Neoschwagerina-Verbeekina zone of the Tethys region and the Polydiexodina
zone of North America is still not clearly known. ThHowmpson (1946) suggested that
the latter is at least partly equivalent in age to the former, because Polydiexodina
is associated with Verbeekina and Neoschwagerina in Afghanistan and because Ver-
beekina occurs stratigraphically above typical Parafusulina faunas in South China.

In Japan one of the best displays of Middle and Upper (?) Permian rocks is
found in Akasaka, Gifu Prefecture which was studied by Ozawa (1927). His zoning
of the Akasaka limestone through the phylogenetic relation of Neoschwagerina is
still useful. In the Akiyoshi limestone group the Neoschwagerina zone is much
restricted in its distribution as described in the foregoing chapter, hence it is not
suitable for the study of Middle Permian fusulinids.

A. Neoschwagerina craticulifera subzone Pmg

Neoschwagerina craticulifera (ScuwAGer), the index species of this subzone, is
common and easily distinguishable. The Neoschwagerina craticulifera zone is well
recognized in most Middle Permian rocks of Japan, except in the Kitakami massif.
Fusimoro’s 111, zone of Neoschwagerina craticulifera or Schwagerina (Pseudofusulina)
ambigua in the Kwanto massif, Ozawa’s Nc zone in the Akasaka limestone, the lower
part of Ozawa’s P, or the lower part of the upper subzone of Hanzawa’s Upper zone
in the Akiyoshi limestone are all correlated with the N. craticulifera subzone. A part of
the Polydiexodina zone in North America, perhaps the lower part of it, will be correlated
with the Neoschwagerina craticulifera subzone. However, it must be noted that the
index species of this subzone has a rather long range. It ranges from the upper
part of Nn zone to the lower part of Nm zone in the Akasaka limestone, from P;
to P; in the Kwanto massif, and according to Ozawa, from CPg to P;** in the
Akiyoshi limestone.

* Combining both subfamilies DUNBAR (1948) established a new fusulinid family Neoschwag-
erinidae.

*%In his fossil list OZAWA (1925) regarded the range of this species as being from the CPg to
the P3, but he put a question mark on the Pj.
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Although the Neoschwagerina craticulifera subzone of the Akiyoshi limestone
group is much limited in distribution, it forms a good fossil zone in Section I at
Kaerimizu, where the species first appears in the Parafusulina kaerimizensis subzone
as accompanying species with its varieties, and becomes the main component in the
subzone under consideration. It is associated with species of Parafusulina, Pseudo-
Sfusulina and Schwagerina.

In short, Neoschwagerina craticulifera has a rather long stratigraphic range
in Middle Permian rocks, but the N. craticulifera subzone can be accepted as a
fusulinid zone if faunal assemblages are to be taken into account.

B. Verbeekina verbeeki subzone Pm«y

As well as the next one the Verbeekina verbeeki subzone is most narrowly
restricted in distribution among the fusulinid zones of the Akiyoshi limestone group,
and its upper limit is unkown in Section I in the Akiyoshi plateau.

So far as known Verbeekina verbeeki has been reported from the following horizons;
IV zone of Neoschwagerina margaritae in the Kwanto massif, from Nc to Nm zones
of the Akasaka limestone, P, and P; in the Akiyoshi limestone, and in the Middle-
Upper Permian rocks of the Tethys belt, including the Chihsia limestone of South
China, Indochina, and Sicily. The horizon in which Verbeekina verbeek: occurs
abundantly in Japan has been designated the Neoschwagerina margaritae zone, be:
cause it usually is associated with N. margaritae.

As mentioned in the foregoing chapter data at my disposal show that V. verbeek:
occurs only associated with species of Parafusulina and Schwagerina but with no
species of Neoschwagerina. Accordingly, the direct correlation of the Verbeekina
verbeeki subzone with Neoschwagerina margaritae zone* is not discussed in detail
here. However, I am tentatively referring the V. verbeeki subzone to the N. mar-
garitae zone of other parts of Japan, because the horizon in which V, verbeeki is
abundant is clearly above the Neoschwagerina craticulifera subzone.

C. Neoschwagerina douvillei subzone Pmé

Showing rather marked contrast to the overlying Yabeina shiraiwensis zone, the
Neoschwagerina douville; subzone is much restricted in its distribution.

As will be discussed in the following pages, the Permian rocks which have
hitherto been referred to the uppermost fusulinid zone are divisible into the lower
Yabeina subzone and the upper Lepidolina zone. Of these, the former is considered
to be the uppermost subzone of the Neoschwagerina zone, because it contains hfghly

* Although OzAwa (1923) divided the Neoschwagerina zone of the Akiyoshi limestone group
into four subzones, he stated that the faunal relations of them are so intimate that it is hard to
determine them with certainty, and he only named subzone but did not list species of each sub-
zone, except for the Sumatrina annae subzone (P3).
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advanced representatives of Neoschwagerina and primitive members of Yabeina. A
typical example is the Ng zone of the Akasaka limestone in the central Japan, com-

prising the following species:
Neoschwagerina minoensis Ozawa
Yabeina globosa (YABE)
Y. katoi Ozawa

Another example is the Yabeina globosa subzone of Southern Kyushu which is
now studied by KanMmera. A part of the Yabeina globosa zone of the Kwanto mas-
sif and of the Sumatrina and Yabeina zone of the Taishaku limestone is considered
to be also referred to the uppermost subzone of the Neoschwagerina zone.

Neoschwagerina douvillei was originally established by Ozawa for the forms
described as Neoschwagerina globosa by DerraT and Douvitre; and it is common in
this country that N. douvillei associates with Yabeina globosa and Y. katoi, although
it sometimes ranges down to the underlying subzones.

No species of Yabeina has been found in the Neoschwagerina douvillei subzone of
the Akiyoshi limestone group; therefore, it is not certain if this subzone is refer-
able to the Yabeina globosa subzone of the Akasaka limestone or Southern Kyushu.
Accordingly, T am tentatively referring the Neoschwagerina douville; subzone to the
Yabeina globosa subzone of Neoschwagerina zone. '

6. Yabeina zone

The Permian rocks, comprising most advanced species of Yabeina, are generally
regarded as the uppermost fusulinid zone. It should be noted, however, that Kan-
MERA (1952A) and I (1952) separately pointed out that there is a horizon in which
species of Lepidolina and highly advanced froms of Yabeina are the main components
with no associated species of Neoschwagerina. Accordingly, we proposed separately
to designate the horizon as the Lepidolina zone. According to KANMERA, the rocks of
the Lepidolina zone of Southern Kyushu are remarkably different in facies and in
the condition of deformation with the rocks which contain primitive species of Yabeina
—Y. globosa, Y. kaloi, etc.—and highly advanced forms of Neoschwagerina—N. mar-
garitae, N. donvillei and others. These rocks are designated Yabeina globosa subzone
s. str. by Kanmera. It is unfortunate that the stratigraphical relationship between
the Lepidolina zone and Yabeina globosa subzone is not known in Southern Kyushu
because they occur in dfferent tectonic belts.

In this country the upper part of the Kanokura series in the Kitakami massif,
Furimoro's V zone of Yabeina globosa in the Kwanto massif, the Ng zone of the
Akasaka limestone, the Yabeina and Sumatrina zone of the Taishaku limestone, the
Yasuba type of conglomerates of the Southwestern Japan (Torivama, 1947-1951) and
others have hitherto been referred to the Yabeina zone. However, critical studies on
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these Yabeina-bearing rocks show that some of them are not referable to the Yabeina
globosa subzone, but are undoubtedly correlated with the Lepidolina zone.

Yabeina shiraiwensis zone Pux

According to KANMERA, Yabeina shiraiwensis is one of the characteristic species
of the Lepidolina zone in Southern Kyushu, while in the Akiyoshi limestone group
no species of Lepidolina has been found in the horizon in which Y. shiraiwensis
occurs abundantly.* As will be stated later, rocks of this horizon is distinguished from
those of the underlying subzones from the stratigraphic standpoint. I am, therefore,
referring the highest fusulinid zone of the Akiyoshi limestone group to the Lepido-
lina zone, designating the Yabeina shiraiwensis zone.

Tuompson, WHEELER and Danner (1950) have recently described several species
of Yabeina from the Middle and Upper Permian rocks of Washington and British
Columbia. Of these, Yabeina cascadensis (ANDERSON) is almost the same with Y.
globosa and its allies in the assumed relative degree of evolutionary development
within the genus Yabeina, although no species of highly advanced representative of
Neoschwagerina has been reported with them. On the other hand, Y. columbiana
(Dawson), Y. minuta TuomrsoN and WHEELER, and Y. ? n. sp., which were considered
by them to be more advanced representatives of Yabeina than Y. cascadensis, show
close relationships in many respects with Y. shiraiwensis and its allies. In fact, Y.?
n. sp. is seemingly an intermediate form from Yabeina to Lepidolina, although their
descriptions and illustrations are not sufficient for the critical discussion. In short, it is
highly possible that the Granite Fall limestone of British Columbia with Y. cascadensis
is correlated with the Yabeina globosa subzone, and that the Marble Canyon lime-
stone with Y. columbiana, Y. minuia and Y.? n.sp. is assumed to be at least not older
than the Lepidolina zone of Japan including the Yabeina shiraiwensis zone of the
Akiyoshi limestone group.

Although it is clear that the Yabeina shiraiwensis zone is stratigraphically the
uppermost horizon in the Akiyoshi limestone group, there still remain problems to
be studied; first, is it definitely correlated with the Lepidolina zone of the Kuma

*Y abeina shiraiwensis was described by OZAWA from the Shiraiwa formation of the Tsunemori group
which was referred by OZAWA to his division C, alternation of lenticular limestone-bearing shale,
hornstone and sandstone. He listed the following forms as accompanying species as Fusulinella itoi
OzAWA, Schwagerina exilis (SCHWAGER), Pseudofusulina kraffti (SCHELLWIEN), P. crassiseptata
(DEPRAT), Parafusulina granum-avenae (ROEMER). Verbeckina verbeeki GEINITZ, Neoschwagerina
craticulifera (SCHWAGER), N. margaritae DEPRAT, and Afghanella schenki THOMPSON. As will be
mentioned later, however, the limestone lenses which crop out at Shiraiwa are all limestone cong-
lomerate, and all species listed above except Y. shiraiwensis are contained not in the matrix, but
in pebles of limestone conglomerate. Therefore, they are regarded as derived fossils. Y. shirai-
wensis usually occurs in matrix, being crushed, and rarely in pebles of limestone conglomerate.
However, no species is associated in the latter case that is regarded as contemporaneous with the
limestone conglomerates (See Part II, Chapter 4).
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formation in Southern Kyushu in spite of there being no species of Lepidolina con-
tained in it; second, is the stratigraphic range of Yabeina shiraiwensis restricted
only to the Upper Permian Lepidolina zone, namely, is there any possibility that
the species under consideration ranges down into the lower fusulinid zones. Much
more detailed stratigraphic and paleontologic studies on the Permian rocks seem to
be needed to clarify these questions in which species of Yabeina occur not only in
the Akiyoshi area but also in other parts of this conntry.

As pointed out by many previous workers, it must be noted that rocks of consider-
able thickness believed to be Permian in age overlie the highest fusulinid zone.
Representatives of them in Japan are the most part of the Toyoma series in the
Kitakami massif, the Kamiyoshida series in the Kwanto massif, the Taki series to
the west of Kyoto, the Uji and Terauchi series of the Oga and Atetsu plateaux,
the upper parts of the Shiraiwa formation of the Tsunemori group and of the Ota
group in the Akiyoshi area, and the upper part of the Kuma formation in Scuthern
Kyushu.

Stratigraphic and paleontologic studies of world-wide scale on Upper Permian
rocks and fusulinids will clarify the questions as to which of the two- or three-fold
division is more suitable for the Permian stratigraphy and as to which horizon of
the Permian is to be correlated with the highest fusulinid-bearing rocks.

Stratigraphic relationships among fusulinid zones

As emphasized already, it is almost impossible to détermine the stratigraphic
order of successive fusulinid zones in the field in the Akiyoshi area because whole
limestone mass has no stratification. Moreover, it is true that the distribution of
fusulinid zone and even the stratigraphic order of succession of limestone have not been
determined until the laboratory works were finished. Therefore, I here mention
stratigraphic relationships between fusulinid zones based on the distribution of fusulinid
zones, the characters of the limestones, and the occurrences of fossils.

1. Relation of Triticites simplex subzone to Profusulinella beppensis and
Fusulinella biconica zones.

So far as the paleontologic evidences show, Pennsylvanian fusulinid zones are
represented only by the Profusulinella beppensis and Fusulinella biconica zones, and
rocks referred to Fusulina and Triticites Zones are lacking. Namely, there is a large
faunal break between the Triticites simplex subzone and underlying fusulinid zones
in spite of the fact that there is no evidence to show a physical hiatus between them.
Limestone conglomerates sometimes occur in what is regarded as the boundary be-
tween the Triticites subzone and the underlying zones. However, conglomerates occur
also even within one fusulinid zone. Therefore, the occurrence of limestone conglo-

merates does not necessarily indicate a stratigraphic break.
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Although the Triticites simplex subzone generally overlies the Fusulinella biconica
zone, and shows almost the same trend of distribution as that of the latter, the
former directly overlies the Profusulinella beppensis subzone at Ueyama, Akago-mura
in the eastern part of the Akiyoshi plateau. Accordingly, the Triticites simplex
subzone overlies either the Fusulinella biconica or Profusulinella beppensis zones. An
unconformable relation is assumed between the lower Wolfcampian (or Sakmarian)
Triticites simplex zone and the underlying zones.

2. Relation between the Yabeina shiraiwensis zone and the underlying fusulinid

Zones.

I have already pointed out that there still remains a problem to be discussed as
to whether the Yabeina shirvaiwensis zone, the uppermost fusulinid zone in the Aki-
voshi limestone group, is the correlative of the Lepidolina zone of Southern Kyushu,
and attention must be given to the distribution of the Y. shiraiwensis zone and its
relation to the underlying fusulinid zones.

The Yabeina shiraiwensis zone does not occur in the most nearly normal part of
the Akiyoshi limestone group, but occurs in the overturned part, occupying a rather
considerably wide area, while the underlying Neoschwagerina doubillei, Verbeekina
verbeeki and Neoschwagerina craticulifera subzones are much more limited in their
distribution. The differences in their distribution are rather remarkable.

The Yabeina shiraiwensis subzone overlies either the Noschwagerina douvillei
or lower subzones. A physical hitatus is, therefore, assumed to occur between the
Yabeina shirvaiwensis and underlying zones, notwithstanding the fact that no positive
evidence has been observed. However, it must be noted that limestone referred to
the Yabeina shiraiwensis zone is usually limestone conglomerate, the petliles of which
contain fusulinids referred to different zones.

Limestones referable to the Lower and Middle Permian fusulinid zones, compris-
ing those from the lower T¥iticites simplex to the upper Noschwagerina douvillei
subzones, seem in successive order. Future study may clarify the differences of lithic
characters between the limestones of each zone.

Summary

The following summarizes Chapter 2.

The Akiyoshi limestone group is divided into the following fusulinid zones and
subzones in descending order :
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Yabeina zone : Yabeina shirvaiwensis zone Pu
Neoschwagerina douvillei subzone

Neoschwagerina zone  : { Verbeckina verbeeki subzone Pm
Neoschwagerina craticulifera subzone

R ™ ! ™= Q| W2 ™ K

Parafusulina zone . { Parafusulina kaerimizensis subzone
Psendofusulina ambigua subzone

Pseudoschwagerina zone : { Pseudofusulina vulgaris subzone } {
Triticites simplex subzone

Fusulinella zone : Fusulinella biconica zone } Cm {

Pyofusulinella zone : Pyofusulinella beppensis zone

1. The Profusulinella beppensis zone is correlated with the upper part of the
lower Atokan series of North America or with the lower Moscovian series of Russia.

2. The Fusulinella biconica zone is correlated with the upper half of the Atokan
series and possibly with the lowest part of Desmoinesian series, or with middle
Moscovian age of Russia.

3. Rocks referable to almost the whole Desmoinesian (Fusulina Zone) and all
of Missourian—Virgilian series ( Z7éticifes Zone) are lacking.

4. 'The Triticites simplex and Pseudofusulina vulgaris subzones are correlated
with lower and upper halves of the Wolfcampian series of North America or the
Sakmarian series of Russia, respectively.

5. The Pseudofusulina ambigua and Parafusulina kaerimizensis subzones, repre-
senting the lower and upper parts of the Parafusulina zone, are correlated with the
lower Leonardian and upper Leonardian to lower Guadalupian series of North
America, respectively. They are also correlated with the lower and upper halves of
the Artinskian series in Russia, respectively.

6. The Neoschwagerina craticulifera, Verbeekina verbeeki and Neoschwagerina
douvillei subzones are representing the lower, middle and upper parts of Neoschwa-
gerina zone. The last named subzone is considered to be correlated with Yabeina
globosa subzone of the Akasaka limestone and Southern Kyushu. As a whole, the
Neoschwagerina zone is probably to be correlated with the middle and upper Guad-
alupian series of North America.*

7. The Yabeina shiraiwensis zone, the highest fusulinid zone in the Akiyoshi
limestone group, is most possibly correlated with the Kuma formation of Southern
Kyushu and with the lowest part of the Toyoma series of Kitakami massif and is
seemingly almost the same in age with the Yabeina zone of American Tethys area.

*In the type locality of the Permian rocks in Ural, no fusulinid has been reported in the rocks
above the Kungurian series. Opinion is, therefore, divided as to what fusulinid zone the Kungurian,
Kazanian and Tartarian series correlate with. MOORE, LALICKER and FISCHER (1952) correlated
the Kungurian and Kazanian with the Guadalupian series, and the Chideruan with the Ochoan
series.
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Chapter 3. Stratigraphy of the Akiyoshi Limestone Group
General Remark

Since Ozawa discovered the ‘liegende Falten ” first in Japan, his interpretation
of the geologic structure of the Akiyoshi limestone group, as well as his study on the
fusulinid zones, have attracted stratigraphers’ and paleontologists’ attention. Some of
those who have had special interest in the Upper Paleozoic stratigraphy of Japan
have expressed opinions different from OzAwA’s.

Among them, Koeavasur's explanation (1939, 1941) was most antipodal against
Ozawa’s. The two ideas were quite different, except for the one point that both
considered the whole limestone mass as being completely overturned. I have made
an attempt to clarify the geologic structure of the Akiyoshi limestone group, with-
out necessary favor to either explanation.

I have already emphasized that the only key of determing the stratigraphic
succession and areal distribution of fossil zones of the Akiyoshi limestone group is the
fusulinid fossils. The whole imestone mass of the group, comprising no other facies
than limestone, except small amounts of chert, is so massive that it is impossible to
determine the stratigraphic order of the limestone in the field. I chose the topogra-
phically steep slopes, and collected fusulinids along these slopes in the following
twenty-seven sections.*

Assuming that the Akiyoshi limestone group is almost horizontal as hitherto
presumed, the approximate thickness of a fossil zone in the section is determined by
the differences in elevation of the lower and upper limits of zone. The thickness of
a fossil zone thus obtained does not show much difference among the following
twenty-seven sections, except in few cases. The difference in the thickness of a
fossil zone of the same age in different sections usually corresponds within a pre-
sumable change of thickness of that zone. It is assumed, therefore, that the Akiyoshi
limestone group was laid almost horizontally as a whole, except in the southern
marginal parts of both plateaux where the limestone is assumed to dip northward.

1. Description of Sections
Section I. Eastern slope/of the Kaerimizu doline (Western slope of Managatake)

Section I is the classical locality where Ozawa found reverse order of fossil
zones of the Akiyoshi limestone group. One can observe good display of overturned

*1In each section, species of fusulinids are shown. It seems not appropriate to use the term
“bed” in each section, because it is impossible to discriminate a “bed’™ in the thick limestone
which has no stratification and is almost uniform in lithologic character. I used, therefore, only
the term “number” for locality whence the fusulinids were collected. The ‘“number” of each
section is numbered in ascending order, regardless of whether the limestone is in a normal or
reverse order. Height above sea level at each locality is shown at the left side of the columnar
section. Original field locality numbers are indicated in the explanations of figures,
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Dunbarinella n. sp. A
| Parafusulina n. sp. B

~,—j—'[—'{—r"|o Neoschwagerina craticulifera (Schwager)
2501 1 1 | Neoschwagerina craticulifera var. haydeni Doutk.
Parafusulina n. sp. B
T Pscudodoliolina pscudolepida Deprat)
g 1 Neoschwagerina craticulifera (Schwager)

Afghanella schencki Thompson
Afghanella sp. A

Nagatoella sp.
Parafusulina giganica (Deprat)

200

C 1T 8
_T.LT,LfEr Parafusulina pscudojapenica n. sp.
gr*—l] *fﬁ—7 Afghanclla schencki Thempson
LT
‘ I : L[ */‘—/— Verbeckina verbecki Geinitz
I -3 [V rbeck ini
2 erbeekina verbecki Geinitz
[T T T [ T S¢hwagerina sp.
{
L—I Parafusulina pseudojaponica n. sp.
Parafusuliia n. sp. B

Fig. 2. Section 1. Kaerimizu: 1=285A, 2=285, 3=
286A, 4=286, 5=287, §=287A, B, 7=288A, 8=289,
9=290, 10=291, 11=292, 12=293, 13=295, 14=
296, 15=297, 16 =298

Numbers to left of column are height above the sea
. level. Arabic figures in gothics to right of column
and in the explanations of figures are “Number” in

Section, corresponding field locality number of which is

indicated by arabic figures in the explanation of Figures

2-28. Abbreviation GKD-PT for field locality number

is omitted for briefness’ sake.

Height. fusulinid zones along the
n ml ( s Schszgrtella kingi Dunbaf and Skinner ROCK Slope from the ponor Of the
T Triticiles arctica (Schellwien) LEGEND
1 T '; ) doline up to near the top
1 Zunbanr;ella ce(v/calz's (Ctvxgn) _ o 4L I l
cervoschwagerina ak n. sp. T T 11 .
: I : I : Ill 15 Pseudofusulina vulgaris (Schellwien) of Managatake. SuGIYAMA
Pscudofusulina glob . exilis n. var. . Y.
[ I ] | tT 4 seudofusuling o0sa var. exilis n Do once mentioned the fululined
Schubertella kingi Dunbar and Skinner
i I ) I I \‘[Dunbmuwlhz cervicalis ;Chen) [ alals] zones there Which I already
350 L LI Pseudofusuling vulgaris (Schellwien) NP AA
T I [ l I I 4—~|5——{Pscudn/usulma kmfftil var. magnla n. var. sAAjAAA Stated'
L Parafusulina gigantea (Deprat) Limestone . N
L1 Conglomerat Commencing at the ponor
1 I 4 rate
| . o
i °[eTeTs] of the doline the Verbeekina
T T Neoschwagerina sp. ’o° 1 ° L .
? I ; ! i : /_’ Parefusuiima kacripuzensis (Ozawa) 2 = ve}’Oeekl Subzone <25m)’ NeO'
; e Oolitic , s
T Farafusulina pseudojaponica n. sp. .
, : o [T l il pecudols Limestone  SChwagerina  craticulifera
| | f I I 0 Parafusulina koryimizensis (Ozawa) SubZOne (25m) and Parafu'
i Neoschwagerin ticull Sch . . Y
300 L LT e ettty (Setwasen sulina  kaerimizensis sub-
[ Farafusulina edoensis (Ozawa)
Chert 3 :
™ I 1 fl 2 Parafusuling n. sp. B € zone occur successively in
LT Pseudofusulina vulgaris var. megaspherica n. var. 3 1
I I [ 1 T l Neoschwagerina craticulifera (Schwager) ascendlng Order. leeStone Of
lj | ] i : | " Parafusulina edoensis (Ozawa) about 65m in thiCkneSS WhiCh iS
! 7 12 i P % . -
. T I Parafusulina kaerimizensis (Ozawa) lald between the Parafus%llna

kaerimizensis subzone and the
overlying Pseudofusulina vulgaris
subzone (40m) is almost unfossi-
liferous, but may be correlated
with the Psewndofusulina ambigua
subzone in other sections.

In short, the Akiyoshi lime-
stone group is completely over-
tuned in the Section I.

Section II. Shishidedai

Section II at the western
flank of Shishidedai is compris-
ing only the lower two fusulinid
bep-

pensis zone in the lower and the

zones—the Profusulinella
Fusulinella biconica zone in upper
parts. No species has been found
in the limestone exposed at the

top of Shishidedai, but Akiyoshi-

-ella ozawai TorivyaMA first appears at the level 35m below the top of Shishidedai,
which again occurs at the level 60 m more below, associated with Profusulinella sp.
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Limestone of 30m in thickness further Height in m

Schwagerina rcgularis (Schellwien)

below is unfossiliferous’ and the upper %42 \ Schwagenna kucichihensis (Chen)
N N . I T 11
part of the Fusulinella biconica zone -
occurs at the north of the entrance to o
. . 12 Schwagerina kyowaensis n. sp.
Kagekiyo-cave. The unfossiliferous 350 [T /-[ et onhignn (Dewart
. . . b =1
hmeStone Of 30m in tthkneSS, there' L1 1 Schwagenna kyowacnsts n. sp.
I I IAl I I I /‘Pstudo/usulma ambigua (Deprat)
Helght inm | I i J [ ] 10 Triticites biconica n. sp.
T 1T 7T Triticites haydeni (Ozawa)
TT I Schwagerina regularis (Schellwien)
] JTLl_L Pseudofusutina ambigua (Depart)
l; ) 71 Triticites haydeni (Ozawa)

Schwagerina satoi (Ozawa)
Schwagerina kycwaensts n. sp.
Pseudofusulina ambigua (Deprat)

1

3001

Schwagcrina regularis (Schellwien)

300 1z

Schwagerina regularis (Schellwien)

Staffclla akagocusis n. sp.
Akiyoshiella ozuwai n. sp.
Akiyoshiella sp.

Triticttes obat n. sp.
Triticites biconica n. sp.
Triticites haydeni (Ozawa)
Triticites suzukii Ozawa
Triticites sp.

Triticeles obai n. sp.
Trificites biconica n. sp.

]
-
w

Triticites ozawar n. sp.
Triticites sp.

-
T
[\

-
V/IN

Profusulinella sp. 250
Akiyoshiclla ozatear n. sp. Triticites ozawai n. sp.
Triticites sp.

250

Akiyoshiella sp. I T T LF

/ |
Pusulinelta sp 1 LJ I v
' T T
Fusulinella cf. bockr Moller I .
Pusulinetla biconica (Hayasaka)
Fusulmella hspher . sp. - .
/ 1“::‘1’,’,12“; :: K’ crica n. sp. T I I Fusnlinclla biconica (Hayasaka)
L fustd S
{
1
[

[
Staffella akagocnsis n. sp. T
T

k—
-

Fusulnella biconica (Hayasaka) T
Fusulinella subspherica n. sp. ]T
Lusulinella sp. D 200 T T 1
Fig. 3. Section II. Shishidedai: 1=355, 2= Fig. 4. Section 1II. Eastern flank of Managa-
354, 3=353, 4=352, 5=351 take : 1=538, 2=539,3=539A, 4 =540A, 5 =540,
6=541,7=>542, 8=543, 3=543A,10=544, 11 =
545, 12=546

fore, may be referable to the lower part of the Fusulinella biconica zone.

In Section II fossil zone apparently seems to be in reverse order, but it may be
true that the lower fossil zone is present at topographically higher places on account
of that the Akiyoshi limestone group of Shishidedai is dipping to the southwest-
west with gentle angles. The same relation is seen in the southern part of the
Akiyoshi and Ofuku plateaux.

No fossil has been found in the eastern flank of Shishidedai.

Section III. Eastern flank of Managatake

Section III is developed along the trail from Sayama, Akago-mura to.the top of
Managatake, namely, it is the opposite facing the Section I, but is in almost the same
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trend as the latter. In this section the Fusulinella biconica zone (50m+-), the Triti-
cites stmplex subzone (20m) and the Pseudofusulina vulgaris subzone (65m?) occur
in ascending order. Of which the first one is very rare in fusulinid, and the upper
(30m) and lower (20 m) parts of it are barren. It may be possible that the lower
part of the Fusulinella biconica zone in this section is referred to the Profusulinella
beppensis zone, although it needs much more future study.

As shown by the order of succession, the fusulinid zones of Section III are in
normal order in spite of being Section I and III form the western and eastern

flanks of Managatake, respectively.

Section IV. Ueyama

Section 1V is along the road from Ueyama, Akago-mura to Kaerimizu, and is
almost parallel to Section III. In this section the Profusulinella beppensis zone is
directly overlaid by the T¥iticites simplex subzone (20m) which is, in turn, overlaid
by the Pseudofusulina vulgaris subzone. The Fusulinella biconica zone is, therefore,
missing in this section. Limestome occurs at the boundary between the Profusu-
linella beppensis zone and the Triticites simplex subzone is conglomeratic.

Section V. *“ Benkei-yama”

“Benkei-yama ” is a low hill located 600 m north of “Minami-yama” (a high
hill of 321.4m in height) which is near the boundary between Akiyoshi-mura and
Ota-machi in the southern part of the Akiyoshi plateau. Section V is along the
northern slope of “Benkei-yama,” in which only the Pseudofusulina vulgaris subzone

Pscudofusulina vulgaris var. globosa (Schellwien)
Schwagerina sp. B Fig. 5. Section1V. Ueyama:
Pscudofusudina glebosa var. exihis n. var, 1
=712, 2=716, 3 = 716A,
Pscudefusuling vulgarts var. globosa (Schellwien) 4 =717 5 =718 6 =719 7_
’ - y - 1] -
) Trireites cf. petschoricus Rauser-Cernoussova 720’ 8:720A
Height in m
Schudericlla japonica n., sp.
Triticites simplex (Schellwien)
]J—]—‘—l— Triticiles isacnsts n. sp.

-8
200 7 T I 7 Pscudoschwagerina muoungthensis (Deprat)
|
T T 1 ig Tniticites simplex (Schellwien)
[ ] 1 I ‘LJ‘J4 Quasifusuling sp. A
3
i Il '% 2 Triteites sampler (Schellwien)
180 TR | Profusulinclla beppensis n. sp.

Pseudofusulina sp.

Schuberiella japonica n. sp.
Psendofusulina vulgaris (Schellwien)

Helght n m Pscudofusulina vulgaris var. globosa (Schellwien)
/4 Psewdofusulina globosa var. exilis n. var.
350 3 Paraschiwagerina sp.

Dunbarinclla n. sp. A

1

T
Fig. 6. Section V. “ Benkei- T TFT
yama™: 1=461, 2=462, 3 L

= 463, 4 =464 330 L b ———————— Sciwcagerina sp.

,-2\_[ Pscudofusuling vulgaris var. globosa (Schellwien}
Sclnwagerina sp.
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developed, consisting of fossiliferous limestone of 20m in thickness. Good displays
of the Fusulinella biconica zone can be observed at and around the top of “Minami-

yama ” stated above.

Section VI. “ Tanaiwa”

All over the area of the small hill of 302. Im in height is called “Tanaiwa,”
which is situated northeast of the Oniana-doline. Limestones crop out on the southern
(Section VIA) and western (VIB) slopes of “ Tanaiwa” are prolific in fusulinids, all of
which are referred to the Pseudofusulina vulgaris subzone. In the southern slope,
however, the difference of height

Height in m
between the top and the base of the 3¢9

Statfclla cf. mollcri Ozawa
Schwagerina cf. otukai Huzimoto

:j 6] Prendofusulina yobarensis (Ozawa)
section exceeds 90 m. ThlS may M- Parafusulina gigantea (Deprat)
be explained by an assumption that ,'TJ T'I TI
. . . . I I 'Y C)':aw'amcl[a. sp. ‘ )
the hmestone is not lald hOrlZOnt' L[]llr"L Fscudofusulina watanabei (Ozawa)
ally, but is dipping gently in accord- V}‘T'lil" L?"
. e T .
ance with the inclination of the Ee L R
surface slope, or that the same hori- - J_}_LI : , St oponicn . 1.
zon appears repeatedly by intrafor- 7 |7 A J,J,L'_ S .
mational folding. e
L 1]
Ol
Section VII. “Ryugoho” ilrfl .
« v which s SRias /[T,"”"‘,”ff S brotowi Schelii
Ryugoho which is in the TIII’ [lr Sciucagerina krotowi {Schellwien)
1 Schuw y
southwestern part of the Akiyoshi Sehucagerna sp
plateau is the highest hill on that Fig.7. Section VIA. “ Tanaiwa ": 1=447, 2=448.

. 3=449, 4=450, 5=451, 6=452
plateau, attaining a height of 425.5m

above the sea level. Along the southern slope of the hill, namely, the road from
Seto, Akiyoshi-mura to the top of “Ryugoho,” fusulinid zones occur in somewhat
complex way. Around Seto and Akiyoshi, crystalline limestone is widely distributed,
which might have been formed by the granodioritic intrusion at Kyozuka. The
Fusulinella biconica zone first appears at the level of 170m, which is overlaid by the
Triticites simplex and Pseudofusulina vulgaris subzones (20m and 20m+-, respectively)
in ascending order. Overlying the latter, the Fusulinella biconica zone (15m?) and
then the T7iticites simplex subzone (30 m) expose again, and, lastly, the Fusulinella
biconica zone appears three times near the top of “Ryugoho.” Accordingly, it is
presumed that the Fusulinella biconica zone and a part of Trificites simplex subzone
are repeated by strike fault in the middle part of the section, and that the rest of the
Triticites simplex subzone and the Fusulinella biconica zone, which are exposed near
the top of “ Ryugoho,” are erosion remnant of the overturned anticline. Eventually,
limestone conglomerates occur in the Triticiles simplex subzone of the middle part.
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Section VIIL. = Southwestern slope of
“Ryugoho ”

Section VIII is along the trail from
Hirano-bashi (a bridge between Hosoono
and Yobiiwa), Beppu-mura to “ Ryugoho,”
in which the Triticites simplex and Pseu-
dofusulina vulgaris subzones are develop-
ed bounded by the level of about 100m.
Limestone overlying the latter is complete-
ly crystalline, in which no fossil can be
found. Just the southeast of the highest
point of “Ryugoho” (425.5m) is exposed
the Fusulinella biconica zone which be-
longs to the overturned part.

Section IX. Mizuta

Section IX is along the road from

Height in m

eiololo]
IERENEN] 10 Fusulinella biconica (Hayasaka)
[
LT T
-
BT T
TalalaTl4 . .
alalalal® ¥ sp.
I
Ll { : [ '
Ja]a]ald
I I I I T -8 Triticites ozawai n. sp.
I : I : I : 1
T T
300 | ] I —7 Fustdlinella sp. 100
TT 'A| I ‘I‘ I4 [ Dunbarinclla ccrvicalis (Chen)
Puraschwagerina sp. )
L Pscudofusuling vilgaris var. globosa (Schellwien)
[ l I I I : I
e~ Triticites ellipsoidalis n. sp. »
Ii‘ L] ! i 5 Accrvoschwagerina akiyoshicnsis n. sp.
LT Pseudofusulina vulgaris (Schellwien)
L L[ L 4 Schwagerina etol n. sp.
Pseudofusulina vulgaris (Schellwien)
T Pscudofusulinag vlobosa var. exilis n. var.
= Triticites sp.
250
a Statfella sp.
Eoschubertclla obscrra (Lee et Chen)
Fusulinella simplicata n. sp.
[ Fusulinella itoi Ozawa
| Fusulina akiyoshiensis n. sp.

Fig. 8. Section VIL

438, 8=441, 3=440, 10=439
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Height in m

400

iﬁi%f

5 Fustdinella cf. bocki Moller
. Fusulinclla subspherica n. sp.

Schwagerina regularis (Schellwien)

Quasifusulina sp. A
Schwagerina sp.

Nankinclla sp.
Triticrlcs isacusis n. sp.
U Pscudojusuling ambigua (Deprat)

Triticites arctica (Schellwien)

- ot ———]

Southern flank of “ Ryugoho”:
1=327, 2=433, 3=434, 4=435, 5=436, 6=437, 7=

Schwagerina okafujit n. sp.

Fig. 9. Section VIII. Southwestern
slope of “Ryugoho”: 1=318,2=
319, 3=320, 4=322, 5=325

Mizuta, Iwanaga-mura southwest-
westwardly to the Ofuku plateau.
The Fusulinella biconica zone
(30m+) in the lower part of
section is overlaid by non-fossili-
ferous limestone of about 120 m
thick, which is, in turn, overlaid
by the Triticites simplex subzone.
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To which subzone the middle non-fossiliferous part belongs, or if some fusulinid zone
is repeated by fault as in Section VII, is not able to determine in this section.

Section X. “Iwanaga-dai”

The southeastern part of the Ofuku plateau is called “Iwanaga-dai.” Section X
is along the southern gentle slope of a high hill, about 3km north of the prefectural
stad-farm, which is located in the middle between “ Tsuguneno-atama” (the highest
point on the Ofuku plateau) and a hill (319.0 m), about 2km north of the prefectural
stad-farm.

Height in m

; ey 4 72r‘if{t{fas smzph"x (Schellwien)
TLFLTJT'“\IMM ssacnsis n. sp- Fig. 10. Section IX. Mizuta: 1=516, 2=518,
I [

Triticites noinskeyi var. n. var. 3=519 4 =520
bl

250 —L]

Psendofusulina vulearis {Scheliwien)
I Pseudofusuling valgaris var. megaspherica n. var.

Triticites noimskeyt var. n. var
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Schubertella sp.

Dunbarenetta eorvrealis  Chend
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Schwagerina sp. C
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Pscudofusuling valgaris var. megaspherica n. var.

Schubertella sp.
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Afghanclla schencki Thompson

Fusulinella sp.
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Fusulinella itoi Ozawa
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Fig. 11. Section X. “Iwa- Sclueagerina krotowi \Schellwien)
naga-dai " =491, 2=4-92, Nankincliu ragatocnsis n. sp.
. — - _ Nefpeorictla japonica n. sp.
3 - 493’ 4 - 521’ 5 - 522’ 6 - Schwcagering krotowi (Schellwien)
523, 7 = 566’ 8 — 567, 9 —_ 568’ Schwagerina kyowaensis n. sp.
Pscudofusulina ambigua (Depart)
10=568A, 11=568B, 12=
568C :

Schwagerina sp.
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This is the only section in which upper fusulinid subzones of the Akiyoshi
limestone group occur in normal order, and “Iwanaga-dai” is the only place where
stratigraphically higher Neoschwagerina craticulifera subzone is present at the topo-
graphically higher position.

Around the hill (319.0m) above stated, the Pseudofusulina vulgaris subzone is
widely distributed in the lower part of Section X, overlying which the Psexdofusulina
ambigua subzone is developed in the upper part of Section X. The Parafusulina

kaerimizensis and Neoschwagerina crati- Triticites sp. or  Schueagerina sp.
Cull:fera SubZOneS occur at the tOp Of section 5:»:;’1.1‘/;5 ellipsoidalis n. sp.
riticites sp
in exceedingly narrow area. ’[‘hey are Isewdafusuling velgars (Schellwien)
. . ) Sehwagerina sp B
very thin, less than 5m in thickness, prob- Pecudafusuling eulgans (Scheliwien)
. Pserdatusulina globosa var. cxilis n. var.
ably because a large part of them mlght / Farafusulima pscudojaponica n. sp.
Lsewdofusuting ambigua (Depart)

Height in m Height inm 7~ Schwagerina of. alpina var. rossica (Schellwien)
— - —— Triticites kivoiwacnsis n. sp
0 I ihates n.sp. A
- T g ) Trats o . €
L T 15()_17*,‘, _/9/ s 0. Sp.
fLrL[’ L Jll T ] =7 Schubertelia juponica n. sp.
11 / Toiticites suzukii Ozawa
LT 1 b
/ Triticites tentula n. sp.

Schubertella japonica n. sp.

LT . T
___L_V:L_t—s—// / Triliciles saensis n. sp.
. | / Triticites obat n. sp.
T /
/

nornskeyi var. n. var.

150 4

i l // R rina regularis (Schellwien)
gt / Accivosehwageyina akiyoshiensis n. sp.

J'.wulofusnlz’nu globosa var. exilis n. var.

C T T 113/ Triticites cllipsoidalis n. Sp.
“]J_ —LI_L -/ Trificites sp.
100 1 J,, ,“I l‘\_ Acervosclneaerina akiyoshiensis n. sp.
Pseudefusulina vulgaris (Schellwien)
Pscudofusuling vulgaris var. globosa (Schellwien)
Psewdofisaling vulgaris var. megaspherica n. var.

Fig. 13, Section XII. No. 3 quarry at Isa-
& Fusulinclla biconica (Hayasaka) machi: 1= 606, 2=606A, 3 =607, 4:607A’
Fusulinclla sp b= 608, 6= 609, 7= 610, 8= 611, 9=612

Fusulinella sp.

100 1

have been eroded away.

{Fus!;]mell{l cf. bocki Moller
L uzulinella biconica (Hayasaka)

Section XI. Iwanaga-hongo
Fig. 12. Section XIA. Iwanaga-hongo: 1=

500, 2=501. 3=502, 4=502A Section XIA is along the road from

, the north of Iwanaga-hongo to the Ofuku
plateau, and XIB is from the west of Iwanaga-hongo over the southern margin of
the Ofuku plateau to the prefectural stad-farm, Isa-machi. The Fusulinella biconica
zone (256m) occurs in the lower part of XIA and XIB. Overlying limestone is more
or less crystalline, yielding no fossil except stems of crinoid. Order of succession of

limestone, therefore, can not be determined in this section.

Section XII. No. 3 quarry at Isa-machi

There are several limestone quarries along the southern foot of Kondkami-yama
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(233.0 m) which is in the southwestern part of the Ofuku plateau., Among them No. 3
quarry is most prolific in fusulinids. Section XII is ekposed along the trail from
No. 3 quarry to halfway up the top of Konokami-yama, in which the Triticites sim-
plex, Pseudofusulina vulgaris and P. ambigua subzones occur in ascending order.
However, the first subzone, only 10 m in thickness, is again interbedded into the second
one. It is presumed, therefore, that the T7iticites simplex subzone is interbedded into
the Pseudofuulina vulgaris subzone by fault or the former is repeated by intrafor-
mational folding.

Section XIII. Southwestern flank of Konokami-yama

Section XIII is along the southwestern flank of Kanokami-yama (233.0m). The
order of the fusulinid zone is almost the same as in Section XII, namely, the Pseudo-
fusulina vulgaris subzone is interbedded with the Triticites simplex subzone of about
10m in thickness. The tectonic relation between them is, therefore, considered to be
the same as in Section XIIL

Section XIV. Shigeyasu quarry

Around the Shigeyasu station of the Mine railroad line are there several limest-
one quarries, most of them are prolific in fusulinids.

Section XIV is along the western cliff of a small hill (253,9m) which is located
southeast of the Shigeyasu station. In the lowest part of the section the Yabeina shirai-
wensis zone occurs exceedingly limited in the distribution. Overlying fusulinid zones

Triticites beconi . Sp. H i

Tritites manstes var . var. Fig. 14. Section XIII. Southwestern flank of
Psewdofusuling embigua {Depart) Konokami.yama, Isa-machi: 1 = 570, 2=
Sehwagexing regulares (Schellwien) 570A, 3=571, 4=571A

Triticates suzuki Qzavia
Triticites tantula n. sp.
Triticites isacnsis n. Sp.

Height in m.

— T T T4 Triticites kuroiwacrsis n. sp.
1 1 -3 Triticites n sp. A -
170 | [T ‘ I [ | Triticites n. sp. B Neoschwagerina sp.
160 [T * I 1 I 2 Tn}/wzvlrs tantula n. sp. Staffills yobarensis Ozawa
T T 1 Tt Triticites haydeni (Ozawa) Schwagerina cf. royandersoni Thompson, Whealer and Danaer
Triticites kurotwacnsis n. sp. Dunbarinella cervicalis (Chen)
Triticites kawanoberiensis Huzimoto Nagatoclla sp.
Paraschwagerina sp- Pseudojusuling vulgaris (Schellwien)
Pscudofusuling velgaris var. megaspherica n. var.
Height i Musciiina sp.
eight in m
Nankinella nagatocnsis n. sp.
6 Triticites simplex (Schellwien)
150 - - v{ﬁs Triticites haydeni (Ozawa)
Triticites kawanoboricusis Huzimoto
I Triticites n. sp. B
IJ | Schwagerina sator (Qzawa)
;LA‘jéI‘J’)L“4‘/ [ Schubertella japonica n. Sp.
. . A T 1 Parafusulina grgantea (Deprat)
Fig. 15. Section XIV. Shige- l ] : Ll 1 : / Neoschwagerina craticulifera (Schwager) .
. _ Neoschwagerina craticulifera var. haydeni Doutk.
yasu quarry: 1=97, 2= alalalaj3 ‘ ¢ i’
. I 1.1 Schwagerina sp. A
98, 3= 100, 4= 103, 5= T 1 /{A’\'coschwagmna craticulifera (Schwager)
101, 6=102 1o LI The
’ fJ ]AJ T la ™ Yabcina shiranwensis Ozawa
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Height in m are the Neoschwagerina craticuli-

Fusulinella cf. pscudobocki Lee et Chen
6'——_"{ ;i e . .
' Fusutinelia sp. B fera (15m), Triticites simplex and
350 : _ Pseudofusulina vulgaris subzones
C T 1 Schwagerina sp.
‘[J'T‘Ll“j— ; ) in ascending order. Accordingly,
T T 1 N/Sc/rwagfmza sp.
LT 1T ) i il H
T T 5 [ Sehubertella sp. the Akiyoshi limestone group is
T I 1 . . lParaﬁ¢sulinn kaerimizensis (Ozawa) . .
: Ll I : clearly in reverse order in the
Parafusulina pseudojaponica n. sp.
I T1 »"'2 —‘_[Naeos:}:ul){u:gm;m craticulifera var. haydeni Doutk. lower part of Section XIV’ but it
L1 is assumed that a part of limest-

one is in normal order due to

300

Schwagerina sp. fault or interaformational fold-

Parafusulina kacrimizensis (QOzawa)

Verbeckina verbecki Geinitz 1
Neoschwagerina dowvilici Ozawa Ing.
Neoscinwagerina sp. A

W Neoschwagerina sp. E

I Vaborna yasmosmss s Section XV. “Ofuku-daiyama”
- IR Yabcina pinguis n. sp.

T Sumatrina longissima (Deprat) The northwestern part of the
ii%r ' JI‘ Ofuku plateau is locally called
250 J’ I : I ; I “ Ofuku-daiyama,” southern part
141 L: I lL} of which is quite barren in fossil,
T because limestone became beauti-
Ljﬁi ful marble, effected by granodi-
A orite which is widely distributed
i“; ';‘ around  Sunaji, Ofuku-mura.
200 : TIL: LTI However, the northern part of
i “ Ofuku-daivama ” is very prolific,
i: l:'l il and is probably one of the best

or
locality , studying the Akiyoshi
Fig. 16. Section XV. “Ofuku-daiyama’: 1=765,

9-184, 3=183, 4=185, 5=186, 6="776 fusulinids.

Section XV is along the road
from the northeast of the Ofuku station to “ Ofuku-daiyama.” Basement of the section
consists of thick clayslate of the Serita formation of the Beppu group, oirerlying
which, with the tectonic relation, crystalline limestone is developed, which may be
correlated to a part of the uppermost fusulinid zone. Section XV, beginning at the
level of 280m, is comprising the Yabeina shiraiwensis zone, Neoschwagerina
craticulifera, Parafusulina kaerimizensis subzones and the Fusulinella biconica
zone in ascending order. Between the last two is there unfossiliferous limestone of
20 m thick which is presumed to be correlated with the Psexdofusulina ambigua and
P. vulgaris subzones, although it has not yet been ascertained.

Section XVI. Northeastern flank of “Akanta-yama”

The highest hill (409.4m) in the northern part of the Ofuku plateau is called
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“ Akanta-yama,” along the northeastern slope of which we can observe a fairly good
display of Permian fusulinid zones in reverse order. Section begins at the south of
Serita (160 m in height) where the Yabeina shiraiwensis zone (10 m+) occurs. Due

to the thick .covering of surface
Height in m

111 ° [ Triticites sp.
| Psendoschwagerina sp.

soil no limestone exposes until
at the level of 210 m, where

Verbeekina verbeeki subzone

-8 —— Pscudofusulina sp.

crops out. At an interval of un-

fossiliferous limestone of 30 m in
thickness, the Parafusulina
kaerimizensis (70m?), Pseudo- 350
fusulina ambigua (40m?), P.
vulgaris (30m?) and Triticites
simplex (10m+) subzones are

=7 Pa lina pseudojaponica n, sp.

6 Pseud l kraffti var. magna n. var.

s Parafusulina kacrimizensis (Ozawa)
Neoschwagerina sp.

present in ascending order.
Although the Pennsylvanian
fusulinid zone has not been as- 300 -

certained around the top of

“ Akanta-yama,” the Fusulinella
biconica zone occurs (Loc. 187)
— Parafusuicna tseiilojaponica n. sp.

at 300 m northwest-west of the
top, where is topographically

50m lower than the top of 950

“Akanta-yama.” Accordingly it

B e Prvfusuling lacvimizensis (Ozawa)

is presumed that the Akiyoshi

limestone group is slightly dip-

ping to the west or the southwest. 7

T 11 Schagerina 'sp, -
i 1 > P Neoschwagerina craticulifera var. haydeni Doutk.
SeCtlon XVII- EaSt Of Narutakl ’1»2 Yabcina shiraiwensis Ozawa

ZOOJ Yabeina yasubaensis Toriyama
Along the west side of the

pass between Narutaki, Kyowa-
mura and “ Tanaiwa,” Akiyoshi-
mura Section XVII is developed,
which is located north of Section
VII. The Fusulinella biconica
(35m) and Profusulinella bep-
pensis (10m-+) zones occur in

Yabcina shiraiwensis Ozawa
Sumatrina longissima (Deprat)

Fig. 17. Section XVI. Northeastern flank of
“Akanta-yama ™ 1=370, 2="742, 3=191, 4=
of the pass. Same as in the : 190, 5=189, 6=188, T=744, 8="745, 3=746

ascending order at the west side



84 R. Toriyama

Height in m uppert part of Section VII, these zones
5 11.‘.‘!‘}2‘..5__—-—— e oot Toriysma are presumed to be erosion remnant of
pb{a|lao 4 ; . g

LN D the overturned anticline.
'l 1 Y~ ——————— Fusulinella biconica (Hayasaka)
Lol Nankinella sp. Section XVIII. East of Ono
Abkiyoshiella sp. . X
300 L] Fusulinella simplicata . 5p. About 700 m north of Section XVII,
e ant ik [ﬁﬁiﬁi&:ﬁﬁi‘; < focts Moler Section XVIII is developed along the
I ) L[ [ I Y Fusulinella biconica (Hayasaka) road from OnO, KyOWa-mura eaStWard'
L1 T
L Height in m
]J | ],I T ] I 141 5 Triticites arctica (Schellwien)
1 1 ¥4 Nankinell is n. sp.
a1 TTILTT B BN
LT 1504 T T T
250 1 [T
T 1
T T TT
[T )
- 1
L T 1 r
LT [
T T I T %-— Nankinella sp.
[T - i l Y:riliciles fz::ro:warns:s n. sp.
IEL | I | T [T 1‘|’[T . Schwagerina sp.
T T T ] //_{Sclmber(clla sp.
T 2 Dunbarinella cervicelis (Chen)
LT 11 100 TLTJT“T , ;
T 1T 1 Schwagerina tschernyschewr (Schellwien)
200 i[ﬁ] 11 T 1 *—{I’aeudosdxwagerina sp
Parafusulina pseudojaponica n. sp.
Fig. 18. Section XVII. East of Narutaki: Fig. 19. Section XVIII. East of Ono: 1=317,
1=303, 2=304, 3=305, 4=310, 5=311 2=316, 3=315, 4=314, 5=313

ly up to the Akiyoshi plateau.

At the level of 90m the Pseudofusulina ambigua subzone (10 m+) begins to
apper, but limestone soon becomes non-fossiliferous which has a thickness of about
150 m, followed by the T7iticites simplex subzone (10+). It is not known that to
what fusulinid subzone the unfossiliferous part belongs, or that if some fusulinid
zone is repeated.

Section XIX. Southeast of Kajiya

Section XIX is located about 600 m north of Section XVIII, which is along the
road from the southeast of Kajiya, Kyowa-mura eastward to a small hill of Loc.
376. Although some part is barren in fusulinid, it is beyond doubt that the fusulinid
zones are in reverse order in this section, namely, the Parafusulina kaerimizensis
subzone occurs at the level of 95 m, overlaid by unfossiliferous limestone (25 m) which
is presumed to be the Pseudofusulina ambigua subzone, overlying which the Pseudo-
Sfusulina vulgaris subzone exposes. At an interval of unfossiliferous limestone of 95m
in thickness above the P. vulgaris subzone, occurs the Fusulinella biconica zone at
the top of a small hill (210 m in height). '

Section XX. “Takayama”
- Isolated from the Akiyoshi plateau proper by a tributary of the River Koto, a
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small hill (228.0m) called “Taka-
yama” is in Minamikochi, Kyowa-
mura. “Takayama” block is also
isolated tectonically from the Aki-
yoshi plateau by a fault. Along the
southwestern slope of *‘Takayama”
Section XX is developed, comprising
the ambigua, P.
vulgaris subzones and the Fusulinella
biconica zone in ascending order, but
considerable thickness of unfossili-
ferous limestone occurs above and
below the second subzone.

Pseudofusulina

Section XXI. South of Kuroiwa

Section XXI is along the trail
from Kuroiwa, Kyowa-mura to Cho-
jagamori, famous place for sight-
seeing of karst topography on the
Akiyoshi plateau. Although some
part is barren in fossil, all the hori-
zons up to the level of 310 m in this
section are referable to the Triticites
simplex subzone. It is most probable
to assume, therefore, that the same
horizon develops along the section
because of being the inclination of
strata and that of slope almost the
It should be
noted that some part of the section is

conglomeratic.

same or very similar.

Section XXII. “Kirigadai”

A high hill located southwest-
west of the Kaerimizu doline is called
“Kirigadai,” along the northwestern
slope of which Section XXII is deve-
loped. It begins from the Pseudo-
Jusulina vulgaris subzone, overlying

which  Tyiticites simplex subzone

Height in m

150 4

100 1

Height in m

200

150

100
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3 Fusulinella cf. pseudobocki Lec ct Chen
Fusulivella sp. B

[
LT 1 T
200 T T

1 I
|
. Schubertella sp.
-2 Schwagerina Ischernyschewi (Schellwien)
Nagatoella sp.
Pseudofusulina kraffti var. magna n. var.
L1 T 1

ey ———

Miscllina sp.

Fig. 20. Section XIX. Southeast of Kajiya:
1=374, 2=375, 3=376

—7 : Fusubmell

oJeo]ole

itoi Ozawa

Fusulinella itoi Ozawa

s Eoschubertella obscura (Lee et Chen)
Fusulinella itoi Qzawa

4 Quasifusulina longissima var. tenuis (Lee)
Schwagerina krotowi (Schellwien)

|

1
1

L1
[
Al s

Pscudofusuling ambigua (Deprat)

Schwagerina sp.

Schubertella sp. B
Trilicites simplex (Schellwien)
Triticites cbai n. sp.
3 Nankinclla sp.
/2 Schubcriella sp.
p

Pseudofusuling kraffti var. magna n. var.

Fig.21. Section XX. “ Takayama™: 1=265, 2=

343, 3

=342, 4=338, 5=339, 6=340, 7=341
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(40 m+) occurs, followed then by unfossiliferous limestone of 60 m in thickness, and
the Fusulinella biconica zone occurs at the top of the hill.

The Pseudofusulina ambigua and P. vulgaris subzones are exposed in ascending
order along the steep slepe of a deep doline, which is located southwest of Section
XXII. 1t is clear, therefore, that the Akiyoshi limestone group is in reverse order
around Section XXII.

/ Schwagerina sp.
He]ght n m |O‘/’_{Tn'ﬁrites sp.
11 + ¥ Schwagerina sp.
lalelals [ Trticites simplex (Schellwien)
viticites simplex (Schellwien
300 1 T 1 [ I <$ \ Triticites vzawai n. sp.
l \
T 11 Triticit, in. : .
I ' I IIT ites ozawai n sp. Helght lﬂ m
e 5 ——————— Fusulinelle sp.
. : P
I Llj [ Sch ina saloi (Ozawa) B
LT LT Schiebertella japonica n. sp. 400 1L IL
=5 Trilicites simplex (Schellwien)
T T Triticites kuroiwacnsis n. sp.

250 1

T 1T T 1 Triticites sp. _‘[ L1 ]

f 1 Schwagerina sp. 350 —1 171 J—Ll—'_
1 ] I I | I L) Pscudeschwagerina sp. IHJJ’I““ e Tiiticiles sp.
T TT17T Triticites simplex (Schellwien) TaTaTsT:

Schivagerina regularis (Schellwien) ; 'mf

g Dunbarinella ccrvicalis (Chen) T -

[ ]
LT Nankinella sp. L

o Nankinclla nagatocnsis n sp.
= Triticites obai n. sp.

Schubertella japonica n. sp.
Triticites arctica (Schellwien)
Schwagerina kyowaensis n. sp.
Pscudoschwagerina muoungthensis (Deprat) Jj 1
LT

Triticites simplex (Schellwien) T — ?,‘:Zzztl:z Z:_z[l;:[l}aen. s?.
Triticites arctica (Schellvien) - T N de n. sp.
Triticites noinskeyi var. n. var. 300 NN Triticites simplex (Schellwien)

Schwagerina kyowaensis n. sp. o T
7 -

L Vlu‘[ b Scliwagerina kyowacnsis n. sp.
T T 1 1t Schwagerina regularis (Schellwien)
Pseudofusulina ambiguc (Depart)

Fig. 22. Section XXI. South of Kuroiwa: Fig. 23. Section XXII. “Kirigadai”: 1=329,
1=257, 2=258, 3=259, 4=260, 5=262, 2=330, 3=331, 4=332, 5=333
6=337, T=264, 8=263, =476, 10=477

200 A -
-2
I

H
H‘j L
o

Section XXIII. Small hill of 394.5 m, west of Kaerimizu

There is a small hill of 394.5m in height to the north of “Kirigadai,” along the
southern slope of which Section XXIII is developed. The section is comprising the
Pseudofusulina vulgaris subzone in the lower and upper parts and the P. ambigua
subzone in ‘the middle. Therefore, it is presumed that the former is repeated by
fault or intraformational folding.



Height in m

370

350 4

Fig. 24. Section XXIIL.
of 394.5m in height:
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Schubertella sp.

Friticites arclica (Scheilvien)

Triticites kuyonraditss n. sp

Schwagerna of. wlpina var. ossica (Schellwien)
Pscudofusulina vulsuris (Schellwien)
Pscudofusuling vrlgaris var. megaspherica n. var
Tnticilcs tantula n. sp.

Triticites sp.
Sclxuﬂgcrma regularis (Schellwien)

Schubertella sp.
Pscudofusulina ambigua {Depart)

Triticites kuroiwacnusis n. sp

Schubericlle japorica n. sp.
Triticites noinskey: var.n. var.
Psepdoschwagerina muoungthensis (Deprat)

] -i_{‘{&cudofusulnm ambigua (Depart)

Southern slope of a hill of
1=269, 2=270, 3 = 271,

4=272, 5=273
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Section XXIV. Jigokudai
The area northwest of Cho-
jagamori is called Jigokudai
where the typical displays of
karst topography can be seen.
Although the northeastern exten-
sion of this section is in the
western slope of the Kaerimizu
doline, no fusulinid has been
found there. Beginning at the
level of 300m Section XXIV is
comprising the Pseudofusulina
vulgaris, Triticites simplex sub-

zones and the Fusulinella biconica zone in ascending order, the last one is exposing

at the level of about 340 m.

vulgaris subzone is developing in the

Section XXV. Shikanode Height in m
A small hill situated north-north- LT
] Staffella cf. mollerana Thompson
west of the Kaerimizu doline is called 350 1 II LI I : | Fusulinella sp. C
. . . Triticite b
Shikanode. Section XXV is develop- //-[sfi.ﬂgy.f,;'es‘:hfyiwhew, (Schellwien)
L T1
3 Triticit b
ing along the northern slope of \—[T::,;j:,jﬁ ;’"’j,‘P,';, Behellwien)
the hill. The lower part of the
. . . . | Triticites ki n. sp.
section is the Fusulinella biconica ———[SZ;;,‘Zg;m';"Zﬂiil’ffh’im., (Chen)
. . s |
zone (80 m), in which unfossiliferous CTT
. T 1T 1 Nankinella nagatoensis n. sp.
limestone of about 50 m in thickness L L1 [Naﬂkme"a sp.
300 "”(l"l T LT S | Staffella yobarensis Ozawa
is contained. Overlying the unfossi- - [f,g’;;jgf;u’;:g";“’y‘agarjgm (Ozawa)
liferous middle part (50 m), which is -[Ll } [ TT C
probably referred to the Triticites i‘ l I | l|
. . T 1
simplex subzone, the Pseudofusulina J1 : ] : |
LT
T T 1
[ 1T 1T

upper part of the section. The fossil
bed at Shikanode, which was con-
sidered by Sucivama (1939) to be
the proof that the Akiyoshi limestone
group being not overturned, is
clearly referred to this section which

is undoubtedly in normal order.

Section XXVI, West of Yobara

Section XXVI is developed along
the road from Yobara, Beppu-mura

250

200

Fig. 25. Section XXIV. Jigokudai:
551, 3=5504A, 4=550, 5=549

1=552, 2=
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Height in m ‘ westward to the gentle hills which
[T T o |‘\'"”’"'"”ﬂ nagatocrisis 1. Sp- are situated almost the midst of the

Pseudofusttling krafiti var. magna n. var.

Nagatocile kobayashic Thompson

T T Ofuku plateau.

With a presumable tectonic rela-

I tion to the underlying rocks of the

Beppu group, the Yabeina shirai-

250 -

I wensis zone (10m-+) first appears

near the junction of road from Yo-

8 ——————— Fusulinclia biconica (Hayasaka) bara to Irimi and the gentle hiuS
Il 4 [Htsul;)zc/la itoi Ozawa mentioned above. Overlying limest-

Fusulinella biconica (Hayasaka)

one of about 20m in thickness is

200 ville subzone. ‘The is the only

display of N. douville; subzone in
both Ofuku and Akiyoshi plateaux.
The superjacent limestone of about

I
I
-
T

-

- referred to the Neoschwagerina dou-
T

]

I
L

1

|

I

|

T
L

40 m thick is difficult to refer to any

3 Fusulinella itoi Ozawa

fusulinid zone with certainty, because

[

T / Fusnlinclla biconica (Hayasaka)

-2 P . .

Ty Fusulinella biconica (Hayasaka) fusulinid fossils occur rather sporadi-
\ Fusulinclla sp. A

150 {11

cally. However, this part of Section
Fig. 26. Section XXV. Shikanode: 1=279, 2= Quasifusting »
278, 3 =277, 4: 276, B :275, 6=300 Pseudnfusuli:a' vsr?[lgaris (Schellwien)

Staffella sp.
Pscudofusulina yobarensis (Ozawa)

XXVI may probably be referable
to the Verbeekina verbecki, Neo-

Height in m Schwagerina tschernyschcwi (Schellwien)
Pseudoschwagerina sp.
DPseudofusuling kraffti var. magna n. var.

Parafusulina n. sp. B

]

N o .

schwagerina craticulifera and
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Schwagerina krofowi (Schellwien)
Schwagerina ctoi n. sp.
Parafusuling gigantea (Deprat)

Sphaerulina ? sp.
Psendofusulina yobarensis (Ozawa)
Pscudofusulina sp.

gins to appear. The uppermost LeL
part of Section XXVI is refer-
able to the Pseudofusulina vul- [T Tls
garis subzone (10m +) which
appears from the level of about 200 ‘JTL!‘]‘TL 4
260 m upward, but soon merges e

2
into the crystalline limestone. CTaTaTa T2

Neoscluwagering dourvillei Ozawa
Y h ina spherica Deprat
Neoschwagering sp.

Neoscluragerina megaspherica Deprat
Neoschwagerina sp.
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[ Neoschwagerina craticulifcra var. haydeni Doutk.
Neoschwagerina dopvillei Ozawa
Neoschucagerina nicgaspherica Deprat

Schwagerina sp.
Yabeina shiraiwensis Ozawa,
Yabeina yasubaensis Voriyama
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As clearly understood by the
L . . Fig. 27. Section XXVI. West of Yobara: 1=750,
above description the Akiyoshi 9-751, 3=752, 4=753, 5=754, B="755, 7=757,

limestone group is reverse in 8=1758, 9="759, 10="760
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order around Section XXVI

Section XXVIL. Northeastern slope
of Amagoi-yama

Amagoi-yama is a fairly steep moun-
tain located in the southern central
part of the Ofuku plateau, along the
northeastern slope of which Section
XXVII is present. This section may
certainly coincide with the fossil zones
which were considered by SuGivama
(1939) to be the Lower Permian in
age.

Section XXVII begins near the
western end of the irrigation reservoir
at Okugawara upward to the top of
Amagoi-yama. The lowest part (30m-+)
is referable with certainty to the
Yabeina shiraiwensis zone. The fossils
contained in the overlying limestone of
more than 150m in thickness are not
enough to refer to any fusulinid zone,
but this part of the section may prob-
ably be referred to the Lower Permian
three fusulinid subzones. The upper
part of the section is at least referable
to the Triticites simplex subzone. No
limestone exposes around the top of
Amagoi-yama.

2. Geologic structure of the Akiyoshi
limestone group derived from
the distribution of fusulinid
zZones.
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Fig. 28. Section XXVII. Northeastern slope
of Amagoi-yama: 1=1, 2=782,3="785,4=
783, 5="791, §="792

I have derived the geologic structure of the Akiyoshi limestone group from
age determination made of the limestones in the twenty-seven sections described above
and at many localities sporadically situated over both plateaux but not in any of the

sections.

As shown by the distribution of fusulinid zones, the Akiyoshi limestone group
is, generally speaking, overturned in the northern part of both the Akiyoshi and
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Ofuku plateaux, where the stratigraphically lower fusulinid zones occur at the
topographically higher positions. In the southern part* the limestone has a normal
attitude where the stratigraphically higher fusulinid zones occur at the topographic-
ally higher places**. Of course, at some places, fusulinid zones are repeated or are
missed by faulting or by intraformational folding. As already pointed out by MATsu-
moto (1951), the western block is cut by a fault of NNW or NW trend which re-
latively shifted southward against the eastern block. Excluding these later displace-
ments from consideration, it will be concluded that the Akiyoshi limestone group is in
reverse order in the northern part as hitherto accepted but in normal order in the
southern part.

Two possible answers present themselves as to how such geologic structure was
derived.
A. The northern part of the Akiyoshi limestone group formed a recumbent fold trending
south-north, with the upper part thrust up the lower part of the fold. That is to say,
the northern limb formed a typical Falteniiberschiebung toward the south from the
north upon a part of southern limb, and the lower wing of the overturned anticline
and the rest of southern limb remain as they are.
B. The northern part of the Akiyoshi limestone group first formed “ liegende Falte”
toward the north from the south, which later thrust up the southern part of normal
order by the tectonic movement toward the south from the north. Since the upper
wing of “liegende Falte” and the upper part of southern part have been eroded
away, the lower wing of the former and the lower part of the latter now remain.

Explanation A and B are quite the same in the following two points; first, the
nortnern part, which was in reverse order, was thrust up a part of the southern part
which was in normal order; and second, the lower wing of northern part and some—
mostly lower part—of southern part still remain. However, A and B are thoroughly
different in the direction and the process of tectonic movements by which the present
geologic structure of the Adiyoshi limestone group was formed. In explanation A
one tectonic movement—the Akiyoshi orogenic movement in the concrete—would
have been enough to form the major structure now existing ; namely, it is a typical
“ Falteniiberschiebung” toward the south from the north. In the explanation B,
however, two tectonic movements at different time must be assumed ; the first one
caused the “liegende Falte” toward the north from the south in the northern part
of the Akiyoshi limestone group, and the other, which happened later, was toward the
south from the north by which the northern part was thrust up the southern part.

* Strictly speaking they are north-northwestern and south-southeastern parts, respectively, but
I am designating them northern and southern parts, respectively, for briefness’ sake.
** Where the limestone bed is assumed to have a dip of considerable degrees, this relation is not
kept, as seen in Section Il and others.
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Based on the following facts, I am of the opinion that the explanation B is more
probable than A.

(1) Assuming that A is the alternative, limestones in normal order must be
present under the overturned part. If so, they should be exposed somewhere in the
northern part. However, no limestone of normal order has been found in the north-
ern part where all limestones observed are completely in reverse order. Moreover,
if there is limestone of normal order under the overtuned limestones, the total
thickness of the Akiyoshi limestone group in the northern part must be the sum of
thickness of the lower normal and upper overturned parts. As a matter of fact,
however, the thickness estimated by the distribution of the fusulinid zones is too
thin to regard it as the sum of the thickness of both parts. As seen in the bottom
of such large dolines as Yobara and Irimi in Ofuku plateau, non-cal¢areous rocks
are exposed and the thickness of the overlying Akiyoshi limestone group is thin.

(2) If B is the alternative, there is no need of assuming the existence of lime-
stone of normal order under the overturned northern wing, except in a belt which
is near the thrust plane. Accordingly, the thickness of the limestone in the northern
part is presumed to represent only that part of the remaining lower wing.

According to the reasons above stated, I have come to a conclusion that the
major structure of the Akiyoshi limestone group was formed by two tectonic move-
ments of almost opposite directions and at different times. It seems to me most
probable that the earlier movement is referable to the Akiyoshi orogenic movement
by which the “liegende Falte” of the Akiyoshi limestone group was formed, and
the later movement is referable to the Oga orogenic movement by which northern
part was thrust up the southern part.

Whether one takes the explanation A or B, it is beyond doubt that the northern
part of Akiyoshi limestone group was thrust up the southern one. I designate this
thrust the “ Akiyoshi thrust”, the existence of which has been assumed from the
distribution of fusulinid zones. Although it has not been ascertained in the field, it
should be noted that dolines and uvales are considerably abundant along a zone
where the thrust plane is assumed. Future detailed study may clafify the thrust
plane in the field (see Fig. 1C).

3. Is the Akiyoshi limestone group Klippe or autochthonous ?

Ozawa (1923) considered that the whole Paleozoic formations developed in the
Akiyoshi area, including not only the Akiyoshi limestone group but also under-
and over-lying non-calcareous groups, represent an anticline that is completely over-
turned toward the north, while Kopavasur (1940, 1941) concluded that the Akiyoshi
limestone is a large Klippe lying on the structural basin of the non-calcareous auto-
chthonous groups, including the Ota, Gampi, Beppu and Tsunemori groups. Although
the field evidence does not give a decisive answer to this question, I have come to
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a conclusion that the Akiyoshi limestone group is not so large Klippe as KoBAyAsHI
once considered but is autochthonous, or para-autochthonous if not autochthonous in
the strict sense. The reasons are as follows:

(1) The major structure of the Akiyoshi limestone group is in accord with the
structures of the Beppu group of the northern side and of the Ota group of the
southern side. In spite of the marked differences in facies, they show almost the same
general trend from the north-northeast to the south-southwest, which gradually changes
to a northeast-southwest direction as we go eastward, and finally to almost a
north-south direction. If the Akiyoshi limestone group is a large Klippe from the
north, the consistency of the tectonic trend between the Deckenstirn of the Klippe
and the basement complex is too much of a coincidence.

(2) Of the non-calcareous groups around the Akiyoshi limestone group, the
Beppu and Tsunemori groups comprise a considerable number of limestone lense,
almost all of which are limestone conglomerate, containing species of fusulinid
of various ages in the peb‘les. Assuming that the Akiyoshi limestope group is a
Klippe, namely, if it was not in the present position in the Late Permian time, the
Heimat from which the limestone pel‘):les containing the fusulinids were derived be-
comes a subject problem. Assuming that, on the other hand, the Akiyoshi limestone
group is autochthonous the answer will be very easy. In the latter alternative, it is
not necessarily autochthonous in the strict sense, but can be explained as para-
autochthonous ; that is to say, the Akiyoshi limestone group was formed not far
from its present position.

(3) If the Akiyoshi limestone group is a Klippe, the southern part which is in
normal order also must be regarded as a part of the Klippe. If so, many more
complexly folded structures should be present. As a matter of fact, however, the
arrangement of fusulinid zones is too simple to presume complex folding.

The reasons above mentioned lead me to consider it is most highly probable that
the Akiyoshi limestone group is autochthonous, or para-autochthonous if not strictly
autochthonous. As will be stated in Part II, the Ota group is synchronous
but heteropic with the Akiyoshi limestone group, and ranges in age from
the Middle Pennsylvanian to the Upper Permian. As it is dipping rather steeply to
the north, its upp:rmost formation (Upper Permian in age) is in contact with
the southernmost part of the Akiyoshi limestone group which is referred to the
lowest fossil zone of Atokan age. Accordingly, it is clear that both groups cannot
be in conformable relation but are in tectonic contact. Although the thrust plane
itself has not been ascertained in the field, it is noteworthy that the rocks of the
Ota group are greatly disturbed along the boundary. Therefore, it is highly prob-
able that the Akivoshi limestone group was thrust up the Ota group from the
north to the south.
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Putting aside consideration of later displacements, the original stratigraphic re-
lation between the Akiyoshi limestone group and the non-calcareous groups in the
sedimentary basin should be considered. Is it possible that the sedimentary basin in
which two facies of striking contrast were formed had existed continuously over
such a long period of time ranging in age from the Middle Pennsylvanian to ‘the
Upper Permian? As discussed in detail by Dunsar (1940, 1942), marked contrast
between contemporaneous limestone and detrital facies is observed in the southern
Urals of Russia, the type locality of Permian System, where the Artinskian detrital
facies of Sim Works ranging in age from Sakmarian to Kungurian is heteropic with
the limestone facies of Samara Bend. This sedimentary basin in Russia, however,
extends more than 1,000 km, while that of the Akiyoshi limestone group is less
than 20 km, even if we restore it to its original position. Therefore, direct comparison
between the two is not appropriate to this case. ;

In the Inner side of Southwestern Japan, however, the Omi and Taishaku lime-
stones, ranging in age from the Carboniferous to the Permian, are not different from
the Akiyoshi limestone group so far as their areal distributions are concerned.
Although its stratigraphic age has not been ascertained because of a lack of fossils,
the Hirao limestone of Northern Kyushu conformably overlying the non-calcareous
Paleozoic rocks, is about the same in areal distribution as that of the Akiyoshi, Omi,
and Taishaku limestones. In the Inner side of Southwestern Japan, therefore, it is
assumed that a rather constant paleogeographic condition existed continuously during
the period of time from the Pennsylvanian to the Permian, in spite of the fact that
some epirogenic movement occured in the Late Pennsylvanian time as indicated by the
unconformity at the base of the Permian rocks.

4. Permian epeirogenic movement in the Akiyoshi district.

As will be mentioned later many species belonging to different fusulinid zones
occur in pelk_les contained in the limestone conglomerates interbedded in the Upper
Permian formations of non-calcareous groups around the Akiyoshi limestone group.

Supposing that these limestone peb}es were derived from the autochthonous or
para-autochthonous Akiyoshi limestone group, it is assumed that at least some part
of the Akiyoshi limestone, if not all, might had been in such a condition that it was
suffering denudation already when the limestone referred to the Yabeina shiraiwensis
zone was depositing. This assumption is confirmed by the facts that the uppermost
horizon of the Akiyoshi limestone group referred to the Yabeina shiraiwensis zone
always consists of limestone conglomerate in which fusulinids of different ages often
contained, although it is sometimes contemporaneous limestone conglomerate which
contains the same fusulinid species in both pe‘q‘les and matrix.

On the other hand, it is worthy to note that the successive fusulinid zones except
the Yabeina shiraiwensis zone are getting more and more narrow in distribution;
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while the last-named zone is rather widely distributed, lying not necessarily over the
subjacent Neoschwagerina dowvillet subzone but directly on much lower ones. Of
course, those facts may be explained partially by a consideration that upper
subzones had been suffered denudation more strongly than lower ones had. How-
ever, the following consideration seems much more probable that the sedimentary
basin of the Akiyoshi limestone group had been gradually elevating while the de-
position was still going on; in other words, it is assumed that some epirogenic
movement had been taken place before the Yabeina shiraiwensis zone was deposited,
resulting partial denudation, and that the sedimentary area were widened again when
the Y. shiraiwensis zone was deposited, although some part of the Akiyoshi limestone
was above the sea level at that time. (Formation of limestone conglomerate may be
also explained' by submarine erosion by which limestones of various ages eroded
under the shallow sea, forming limestone conglomerate almost simultaneously. How-
ever, it is doubt that whether fusulinid foraminifers could live in such a environ-
ment as that in which so strong sea current existed that cause submarine erosion).

Conclusion
Summarizing Part I the followings are concluded:
1. The Akiyoshi limestone group consists almost of massive limestone, in some
horizons of which a few amount of chert is interbedded.
2. The Akiyoshi limestone group is divisible into six fusulinid zones, three of which
are, in turn, subdivided into two or three subzones. Correlation with the international
fusulinid Zones is as follows:

Lepidolina-Yabeina Zone : Yabeina shiraiwansis zone Pu o
Neoschwagerina- Neoschwagerina douvillei subzone 8
Verbeekina Zone : { Verbeekina verbecki subzone Y
Neoschwagerina craticulifera subzone Pm B8

( Parafusulina kaervimizensis subzone \ o

Payafusulina Zone : { Parafusulina ambigua subzone Y
Pseudofusulina vulgaris subzone } Pl { B

Pseudoschwagerina Zone : { Triticites simplex subzone o
Fusulinella Zone : Fusulinella biconica zone } Cm { 8
Pyofusulinella Zone: Profusulinella beppensis zone a

Besides, the Nagatophyllum satoi zone has hitherto been recognized as the lowest
fossil zone in the Akiyoshi limestone group. Although the relation between the
Nagatophyllum satoi and Profusulinella zones has not been studied in detail, it is
probable that the both are the same in age.

Fusulina Zone and so-called “ Uralian” T7iticites Zone are missing.

3. Physical breaks are presumed below Z7iticites simplex subzone and Yabeina
shiraiwensis zone, although they have not been ascertained in the field.
4. It is assumed that the Permian sea was most widely spread in this area in the
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Early Permian time, and that the sedimentary basin in which the Akiyoshi limestone
group deposited was gradually elevating since the Middle Permian time while the depo-
sition was going on, and at the same time at least some part of the Akiyoshi limestone
group had already been suffered denudation whichever it may be aerial or sub-
marine.

5. Although the Permian sea somewhat spread again in the early Late Permian
time, it is assumed that denudation also had been taken place at the same time in
some part of the area, and that the sea at that time was very shallow, in the
bottom of which limestone conglomerates were formed due to the wave action or
submarine current.

6. The northern half of the Akiyoshi limestone group first formed completely overturn-
ed anticline toward the north, and later, the overturned northern part thrust up the.
southern one which was in normal order. Later denudation took away the upper
wing of the northern overturned part and some upper part of the southern one. It is
highly possible that the folding of the Akiyoshi limestone group was caused by the
Akiyoshi orogenic movement and the thrusting by the Oga orogenic movenient.

7. The Akiyoshi limestone group is synchronous but heteropic with at least some
part of non-calcareous facies of Ota, Gampi, Beppu and Tsunemori groups, and is
autochthonous or para-autochthonous as well as the others.

8. Volcanic clastic rocks characteristic to the Pennsylvanian and Lower Permian
rocks in the Outer zone of Japan have not been found in the Akiyoshi limestone
group except for those found in the lowest part.
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Part T completed.
Part II and Part III to be continued.
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