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Geology of Akiyoshi
Part III. Fusulinids of Akiyoshi*

By
Ryuzo TORIYAMA

ABSTRACT — This paper is Part III of ‘“Geology of Akiyoshi”’ and is concerned
the Pennsylvanian and Permian fusulinids of the Akiyoshi limestone group of
Southwest Japan. It includes the concise stratigraphical consideration of the
fusulinid zones of the Akiyoshi limestone group summarized from Part I of this
series of paper in addition to further information obtained by recent investigation.

The Systematic Paleontology of this paper consists of two parts; Parts A and
B respectively concern the Pennsylvanian and Permian fusulinids of the Akiyoshi
limestone group, comprising 101 species of 25 genera.

The Pennsylvanian fusulinids described in Part A include an unnamed form
of Nankinella, each one of new and previously described species of Staffella, one
previously described and two unnamed forms of Eoschubertella, one previously
described species of Fusiella, each one of new, previously described, and unnamed
forms of Profusulinella, two new, four previously described and four unnamed
forms of Fusulinella, and one new species of Fusulina.

The Permian fusulinids described in Part B contain one new species of
Ozawainella, one new and three unnamed forms of Nankinella, two previously
described species of Staffella, one previously described and an unnamed forms of
Schubertella, an unnamed form of Quasifusulina, nine new, six previously described
and an unnamed forms of Triticites, each one of new, previously described and
unnamed forms of Dunbarinella, two new, eight previously described and three
unnamed forms of Schwagerina, one new species of Paraschwagerina, each one
of previously described and unnamed forms of Pseudoschwagering, each one of
previously described and unnamed forms of Nagatoella, each five of new and
previously described species of Pseudofusulina, four previously described and an
unnamed forms of Parafusulina, one previously described species of Verbeekina,
one previously described species of Misellina, two previously described species of
Pseudodoliolina, four previously described and an unnamed forms of Neoschwage-
rina, three previously described, one new and an unnamed forms of Yabeina, two
previously described species of Afghanella, and two previously described species
‘of Sumatrina.

Introduction

Our knowledge of the Upper Paleozoic stratigraphy and paleontology of the
Japanese Islands has been much increased during the last decade, and many

* Received September 3, 1957
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important and valuable facts have been brought to us. From the standpoint of
the study of fusulinid foraminifers, almost all the fusulinid zones recognized in
the Tethys region have been found in the Upper Paleozoic formations with for-
aminiferous limestones in this country. However, many important species for
the purpose of the correlation have still been left undescribed, although some
new genera and species were discovered and described from Honshu, Shikoku and
Kyushu Islands. ' _

This paper is the third part of ‘“the geology of Akiyoshi’” and is concerned
principally with the Pennsylvanian and Permian fusulinids of the Akiyoshi lime-
stone group. As already mentioned in Part I of this paper, 0zawa published an
excellent monograph on the fusulinids of Akiyoshi in 1925 in which he described
fifty-one species of nine genera. Since then, however, more than thirty years have
passed, and there is a need for restudying of the Akiyoshi fusulinids under the
modern knowledge of micropaleontology. .

After I began the biostratigraphical and paleontological studies of the Upper
Paleozoic formations in the Akiyoshi distriet, Yamaguchi Prefecture, Southwest
Japan in 1944, I collected numerous specimens of fusulinids both from the Akiyoshi
limestone group and from the limestone lenses interbedded in the Ota, Gampi,
Beppu and Tsunemori groups which are largely noncalcareous in facies and are
developed around the Akiyoshi limestone
group. The stratigraphy of these groups
and the geologic history of the Akiyoshi
district were already deseribed and dis-
cussed in Parts I and II of this paper
published in 1954.

This paper is the result of the micro-
paleontological studies mainly on my col-
lection which will be kept in the Depart-
ment of Geology, Kyushu University, and
partly on the 0zawA’s collection which is
kept in the Department of Geology, the
University of Tokyo.

The fusulinid fauna of the Akiyoshi
S Ta— F — district comprises 103 species* of 26

Text-figure 1. Index map showing genera, of which 21 species are of the

the location of Akiyoshi Pennsylvanian age and described in Part A,

and 80 species are of the Permian age and described in Part B. The Pennsylvanian
fusulinids of Part A have been expected to be described and illustrated together

* Of 103 species of 26 genera Akiyoshiella ozawas TORIYAMA and A. sp. A were already
described (ToRiYAMA, 1953). .
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with those of British Columbia which are now studied by Dr. M. L. THOMPSON of
the Geological Survey of Illinois, because these two Pennsylvanian faunas cqllected
from the opposite sides of the Pacific Ocean are so similar with each other that
it seemed pertinent to publish in one and the same monograph for comparison’s
sake. However, .very similar or the same Pennsylvanian fusulinid species to some
of Akiyoshi species have recently been found from several localities in Central
and Southwest Japan, and, in fact, some new species described in this paper have
been quoted for the paleontological comparison from my manuscript, which was
completed before I left Madison,’ Wisconsin in 1951. Such being the case, the
publication of a monograph on all the fusulinids of Akiyoshi, including the
Pennsylvanian species, is now requested without further delay before the com-
pletion of Dr. M.L. THOMPSON’s work on the Pennsylvanian fusulinids of British
Columbia.

As an introductory part of this paper, an article titled ‘‘the fusulinid zones
of Japan’’ was also prepared in which almost all the fusulinid zones and faunas
known up to the present are summarized and discussed. However, this article
was omitted to save the high cost of printing and will be published in future as
a separate paper.
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Stratigraphical Summary of the Fusulinid Zones
of the Akiyoshi Limestone Group

In Parts I and II of this paper, the stratigraphical consideration of the fusulinid
zones of the Akiyoshi limestone group and the correlation and the paleontological
comparison of fusulinid faunule of each zone or subzone were already given at
length. Since then, however, some informations have been added to the strati-
graphical study of the Akiyoshi limestone group, and many valuable and important
facts on the Upper Paleozoic rocks of Southwest Japan have become available to
us during these few years. Therefore, it seems advisable to describe concisely
the fusulinid zones of the Akiyoshi limestone group for convinience’s sake of
readers of this paper.

In my previous paper of 1954 (Part I) I divided the Akiyoshi limestone group
into six fusulinid zones, the Lower and Middle Permian three zones of which were
subdivided into two or three subzones. My later study has clarified the existence
of the Millerella zone in the basal part of the group. Accordingly, the Akiyoshi
limestone group is divisible into the following seven fusulinid zones in descending

order.
7. Yabeina zone: Yabeina shiraiwensis zone ..................oe.coceeieeinn Pua
Neoschwagerina douvillet subzone ......... Pmo
6. Neoschwagerina zone: { Verbeekina verbeeki subzone .................. Pmy
Neoschwagerina craticulifera subzone ..Pmg
Parafusuling kaerimizensis subzone......... Pma

5. Parafusulina zone: {
S z Pseudofusulina ambigua subzone............... Ply
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. Pseudofusulina vulgaris subzone ...... PIp
4. Pseudoschwagerina zone: .. .
Triticites simplex subzone ............... Pla
3. Fusulinella zone: Fusulinella biconica zone ...................c...ouuuee. Cmp
2. Profusulinella zone: Profusulinella beppensis zone..................... Cma
1. Millerella zone: Millerella Sp. a ZONE............cvvvvenrieiniiinienininnnn, Cl

1. Millerella sp. a zone, Cl

Although I suggested the possibility of finding of Millerella zone in the Aki-
yoshi limestone group, I had not been able to recognize that zone before the
completion of the manuscript of my previous paper in 1953. Accordingly, the
Profusulinella beppensis zone was regarded as the lowest fusulinid zone in the
Akiyoshi limestone group in Part I of this series of paper. I have recently found
species of Millerella in several localities in the rocks hitherto referred to the
lower part of the Profusulinella beppensis zone. However, since micropaleontolo-
gical study of these species has not been completed, I am tentatively designating
the rocks containing exclusively species of Millerella as Millerella sp. a zone.

So far has been observed, Millerella sp. a zone develops along the recently
constructed sight-seeing road from the east of the Shuhodo cave to the bus stop
on the Akiyoshi plateau.. It also occurs at the ‘ Uzura’ quarry located about 1km
east of Yowara (Yobara) on the Ofuku plateau, where species of Millerella are
associated with extremely abundant specimens of undescribed forms of brachiopod
and rare ones of coral and ammonoid.

Because paleontological study of these fossils has not yet been completed, the
correlation of the Mqillerella sp. a zone with other Onimaruan and/or Nagaiwan
rocks of Japan is not discussed here. The stratigraphical relation between the
Millerella sp. a zone and the Ozawa’s Nagatophyllum satoi zone (C!) is also not
clear. More extensive future study of the lower part of the rocks referred to
the Profusulinella beppensis zone will be necessary before the definite correlation
can be made.

2. Profusulinella beppensis zone, Cma

The Profusulinella beppensis zone is characterized by the association of the
typical forms of Profusulinella, P. beppensis TORIYAMA, n. sp. and P. sp., a little
more advanced form of the same genus, P. rhomboides (LEE et CHEN), the primi-
tive member of Fusulinella, F. sp. C, two species of Akiyoshiella and minute
species of Nankinella, Staffella, and FEoschubertella. Of these P. beppensis
closely resembles P. fukujiensis reported by Igo (1956, 1957) from the lower
part of the Profusulinella zone of the Ichinotani formation in the Hida
massif. The close similarity between two species under consideration in the
developmental stage of the shell suggests that the Profusulinella beppensis zone
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of Akiyoshi and P. fukujiensis zone of Hida are nearly the same in the strati-
graphical position. The lower part of the Huanglung limestone of South China is
also correlated with them.

It should be noted that the genera Profusulinella and Fusulinella do overlap
each other in their stratigraphical range in the Akiyoshi limestone group, while
they are not in the Mid-Continent of North America. The genus Profusulinella
seemingly has considerably long range in the Tethys area including Southwest
Japan.

3. Fusulinella biconica zone, CmB8

Among the Pennsylvanian fusulinid zones, the Fusulinella biconica zone is
most widely developed in the Akiyoshi limestone group as well as in the Middle
Pennsylvanian (Moscovian) rocks of Japan and China. The fusulinid fauna of
Fusulinella biconica zone comprises several species of Fusulinella—F'. simplicata
n. sp., biconica (HAYASAKA), ttot OzAWA, cf. bocki MOLLER, cf. pseudobockt (LEE et
CHEN), subspherica n. sp. and spp. A, B, and C.—and Fusulina akiyoshiensis n. sp.

Fusulinella simplicata TORIYAMA, n. sp., which predominates in the lower
part of F. biconica zone, is closely allied to F. jamesensis THOMPSON, PITRAT and
SANDERSON*. The latter species was described from the Cache Creek limestone
of central British Columbia along with Akiyoshiella toriyamai THOMPSON, PITRAT
and SANDERSON. It is of interest that F'. jamesensis has been found by Ico (1956,
1957) from the Fusulinella bocki var. asiatica subzone, the upper half of the
Fusulinella zone of the Ichinotani formation in the Hida massif.

It is also noted that IsHil (1956) reported the occurrence of F'. simplicata
with its subspecies F. simplicata onot IsHII (MS) from the Itadorigawa group in
the western part of Shikoku Island. According to him, the said species occurs in
both the lower and upper fossil zones, but not in the intervening middle one
which is characterized by the predominance of small primitive species of Fusulina.
IsHI is of opinion that the Itadorigawa group is correlated either with the lower
part of the Fusulinella biconica zone or with the part lower than that zone.

Fusulinella subspherica TORIYAMA, n. sp. and Fusulina akiyoshiensis TORIYAMA,
n. sp. are characteristic to the upper part of Fusulina biconica zone, while other
species of Fusulinella—F'. biconica, itot, cf. bock: and cf. pseudobocki—are known
to occur throughout the zone under consideration.

As a whole, the Fusulinella biconica zone is, as already discussed in Part I,
correlated either with the whole of the Fusulinella zone and probably a basal
part of Fusulina zone in North America or with the Middle Moscovian of Tethys
region. So far has been observed in the field, the Pennsylvanian three fusulinid
zones are successively conformable with one another.

* See the remark of Fusulinelle simplicata TORIYAMA, n. sp. (p. 88).
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4. Pseudoschwagerina zone

A. Triticites simplex subzone, Pla

The Triticites simplex subzone, the lowest part of the Permian section of the
Akiyoshi limestone group, directly overlies either the Fusulinella biconica or
Profusulinella beppensis zone without any physical break in the field. Therefore,
an unconformity is presumed under the base of the Triticites simplex subzone.

The Triticites simplex subzone is flourished by a rich faunule of Triticites
with few specimens of Pseudoschwagerina, and the very basal part of this subzone,
though several meters in thickness, is characterized by exclusively species of
Triticites. With several new species described later, the Triticites faunule of this
subzone contains T. simplex (SCHELLWIEN), T. cf. petschoricus RAUSER-CERNOUSSOVA,
BELJAEV and REITLINGER, and other species which are known from both Uralian
and Sakmarian rocks of Moscow Basin and Samara Bend of Russia. So far as
known in Japan, T. simplex, T. montipara and T. kagaharensis have been reported
from the Sakamotozawan (Wolfcampian or Sakmarian) rocks with species of
Pseudoschwagerina. These forms, with their allied forms, are biologiecally clearly
different from recently described typical Uralian species, such as Triticites
matsumotot KANMERA and T. yayamadakensis KANMERA from the Yayamadake
subgroup of southern Kyushu (KANMERA, 1954) and T. nakatsugawensis MORIKAWA
and its variety, hemmsii, from Okuchichibu of the Kwanto massif (MORIKAWA, 1953).

In short, the characteristic of the Triticites simplexr subzone is the abundance
of species of the index genus, and, at the same time, the occurrence of Pseudo-
schwagerina must not be neglected.

B. Pseudofusulina vulgaris subzone, P18

Likewise the lower one, the upper subzone of the Pseudoschwagerina zone is
widely developed and is most prolific of fusulinids, containing about fifty species.
The fauna of this subzone comprises thirteen species of T'riticites, twelve species
of Schwagerina, nine species of Pseudofusulina, three species of Dunbarinella,
each two species of Nagatoella and Parafusulina, one species of Paraschwagerina,
and several species of minute fusulinids such as Ozawainella, Staffella and Schu-
bertella. Of these Paraschwagerina (Paraschwagerina) akiyoshiensis TORIYAMA,
n. sp., Triticites ellipsoidalis TORIYAMA, n. sp. and several new species of Tritici-
tes, Schwagerina and Dunbarinella are characteristic to this subzone.

Although the index species, Pseudofusulina vulgaris (SCHELLWIEN), is not re-
stricted to this subzone in the stratigraphical occurrence, ranging up to overlying
subzones, the faunal assemblage indicates that the Pseudofusulina vulgaris subzone
is undoubtedly the Lower Permian in age, and is probably equivalent to the mid-
dle part of it.
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It is noted that the representative of the genus Parafusulina has already
appeared in the upper part of this subzone.

Extreme abundance in numbers of species and individuals of fusulinids and the
wide distribution of this subzone suggest that the Lower Permian sea was most
widely spread out at least in the Akiyoshi area in the age of Pseudofusulina
vulgaris subzone.

5. Parafusulina zone

A. Pseudofusulina ambigua subzone, Ply

Although the Pseudofusulinag ambigua subzone is rather limited in its geo-
graphical distribution, it still contains a considerably rich fauna of the Lower
Permian aspect, comprising of seven species of Pseudofusulina, five species of
Schwagerina, each two species of Triticites, Nagatoella and Parafusuline and
few species of minute fusulinids.

Although neither species of Pseudoschwagerina nor Paraschwagerina has been
found in this subzone, the occurrences of Pseudofusulina vulgaris and its allied
forms and of the representatives of Triticites indicate that the Pseudofusulina
ambigua subzone is certainly of the Lower Permian age, while the existence of
species of Parafusulina throughout the subzone suggests that it is referable to a
part of Parafusulina Zone.

B. Parafusulina kaerimizensis subzone, Pma

Showing a rather marked contrast to the lower subzone in the faunal as-
semblage, the Parafusulina kaerimizemsis subzone is comprising many representa-
tives of the primitive verbeekinids and neoschwagerinids as the forerunner but
no species of Triticites and primitive Schwagerina. The index genus of this sub-
zone is represented by the typical forms such as Parafusuline kaerimizensis
(0zAawa), P. edoensis (0zAwA), P. gigantea (DEPRAT) and P. spp. A and B, and the
stratigraphical range of most of them extends into the lower part of the overly-
ing Neoschwagerina craticulifera subzone but not to the upper part. On the other
hand some of neoschwagerinids and verbeekinids do not occur in the lower part
of this subzone and some are very incidental in occurrence if exist.

Not likewise in the Mid-Continent region of North America where the Para-
Susulina zone is paleontologically well defined, the Parafusulina zone in the
Permian rocks of Japan is, as already discussed in Part I of this paper, sometimes
difficult to recognize paleontologically, because no formation has been known in
which species of Parafusuline are exclusively contained, and the Permian rocks
hitherto referred to the Parafusulina zone are usually comprising a mixed fauna
of parafusulinids, verbeekinids and neoschwagerinids. Such being the cése, a
question arises whether a formation containing such the mixed fauna is referred
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to a part of Parafusulina zone or of Neoschwagerina zone.

As Parafusulina kaerimizensis subzone is characterized by an assemblage of
the typical species of Parafusulina and the primitive members of Pseudodoliolina,
Afghanella and Neoschwagerina, it is regarded as a part, probably the upper part,
of the Parafusulina zone. The lower and upper subzones of the Parafusulina
zone of the Akiyoshi limestone group are conformable with each other in the field,
though they are considerably different in the faunal assemblage.

6. Neoschwagerina zone

A. Neoschwagerina craticulifera subzone, Pmg

The lower subzone of the Neoschwagerina zone is flourished by prolific néo-
schwagerinids and verbeekinids comprising the index species and its variety, N.
haydeni DoOUTKEVITCH and KHABAKOV, N. spp. A and B, Afghanella schencki
THOMPSON, A. sp. A, Pseudodoliolina pseudolepida (DEPRAT) and P. ozawai YABE
and HANzAwA, with accompanying several species of Schwagerina, Nagatoella,
Parafusulina and minute fusulinids.

Although the stratigraphical occurrence of the index species, N. craticulifera
(SCHWAGER), is considerably limited in the Akasaka limestone, the type locality of
the species, ranging from the upper part of the Nn zone through the Ne zone to
the lower part of the Nm zone, it is somewhat more wide in other localities; for
example, it ranges from the P, (Zone of N. craticulifera or Pseudofusulina ambi-
gua) to P; (Zone of Yabeina globosa) in the Kwanto massif, and, according to
0zAawa, from CPg (Parafusulina lutugini subzone) to P; (Sumatrina annae sub-
zone) in the Akiyoshi limestone,

So far as the present study is concerned, the stratigraphical range of N.
craticulifera covers both the Pma and Pmp subzones, though its occurrence is
more abundant in the latter. Therefore, if the faunal association is taken into
account the present subzone is rather faunistically well defined at least in the
Akiyoshi limestone group, and is certainly correlated with the Ne¢ zone of the
Akasaka limestone.

B. Verbeekina verbeeki subzone, Pmy

The distribution of the Verbeekina verbeeki subzone is very much limited in
the Akiyoshi area, and the index species occurs only with undeterminable species
of Schwagerina, but without any species of other verbeekinid and neoschwagerinid.
Such being the case, the correlation of the present subzone with other Middle
Permian fusulinid zone is not determined with certainty. However, Verbeckina
verbeeki (GEINITZ) has often been described or reported in Japan from a zone in
which Neoschwagerina margaritae (DEPRAT) occurs. The Nm zone of the Akasaka
limestone and P,, the zonme of Neoschwagerina margaritae of the Kwanto massif



10 R. TORIYAMA

are the examples.

In the field the present subzone is conformably overlying the Neoschwagerina
craticulifera subzone, and the Nm zone also directly covers the Nc¢ zone in the
Akasaka limestone. These facts led me a conclusion that the present subzone is
probably an equivalent of N. margaritae zone of other parts of Japan.

C. Neoschwagerina douvillei subzone, Pm$

Likewise the subzone stated above, the Neoschwagerina douvillei subzone is
very much restricted in distribution, but the number of individuals of fusulinid
species found in this subzone is fairly large. It contains numerous specimens of
N. douvillei OzaAwWA, N. megaspherica 0zZAwA, and Yabeina tobleri (LANGE) (?) and
few specimens of N. craticulifera haydeni DOUTKEVITCH and KHABAKOV,

Phylogenetically speaking, the first two species are the advanced member of
the genus Neoschwagerina, while the third one is rather primitive for the genus
Yabeina if it is really referable to that genus. In the original description of N.
toblet, LANGE pointed out the similarity between that species and Yabeina globosa
(YABE) which is also a primitive member of Yabeina.

From the stratigraphical and paleontological points of view KANMERA (1952,
1954, 1957) repeatedly emphasized the separation of the so-called Yabeina zone,
hitherto regarded as the uppermost fusulinid zone, into two zones, the lower Ya-
beina globosa zone and the upper Lepidolina zone. The former is characterized by
the association of the primitive species of Yabeina and the advanced species of
Neoschwagerina, while the latter by species of Lepidolina and highly advanced
species of Yabeina without any species of Neoschwagerina. A typical example of
the former is the Ng zone of the Akasaka limestone. The Neoschwagerina douvillei
subzone, comprising the advanced species of Neoschwagerina and Yabeina tobleri
(LANGE) (?), may probably be referable to the Yabeina globosa zone.

7. Yabeina shiraiwensis zone, Pua

The Yabeina shiraiwensis zone, the uppermost fusulinid zone of the Akiyoshi
limestone group, is rather widely developed in the Ofuku plateau, and is charac-
terized by the advanced forms of Yabeina, Sumatrina and Schwagerina: namely,
Yabeina shiraiwensis OZAWA, Y. yasubaensis TORIYAMA, Y. pinguis TORIYAMA, n.
8p., Y. spp. A and B, Sumatrina longissima (DEPRAT), and Schwagerina sp. A.
Of these, the index species and Y. yasubaensis are, according to KANMERA, the
characteristic species of the Lepidolina zone of the Kuma massif discussed above,
to either of them Y. pinguis is closely allied, being nearly the same in relative
degree of the evolutionary development.

Stratigraphically speaking, the limestones of Yabeina shiraiwensis zone are
composed almost of limestone conglomerates, in pebbles of which fusulinids of
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The fusulinid zones of the Akiyoshi limestone group.

Text-figure 2.
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various lower subzones are contained. Moreover, the Yabeina shiraiwensis zone
is directly overlying either of the Neoschwagerina douvillet and lower subzones.
An unconformable relation is, therefore, presumed between the Yabeina shirai-
wensis and underlying fusulinid zones.

In short, from the paleontological and stratigraphical standpoints, the Yabeina
shiraiwensis zone is correlated with the Lepidolina zone of the Kuma massif and
its equivalent formations in Southwest Japan, and with the Mable Canyon limestone
of British Columbia and the Upper Permian formation of Cambodge, all of which
are presumed to belong to the same faunal province in the late Permian time.

Collection Locality

More than 300 collecting localities, from which the fusulinids described and
illustrated in this paper have been collected during the period from 1941 to 1957,
cover the almost whole area of Miné-gun and a part of Miné-shi* of Yamaguchi
Prefecture, Southwest Japan.

In the following description of the collecting points, the Arabic figures in
parentheses immediately following the collection number indicate the height
above the sea-level. In the collecting points which belong to any of the Section
described in Part I of Geology of Akiyoshi, the Roman numerals indicate the
Section number, and the Arabic figures following the Section number mean the
““number ”’ in the Section. For example, 286 (206m), -4 indicates that the collect-
ing point 286 is of 205m height above the sea-leavel and is No. 4 limestone of
Section 1.

As all the localities are in Yamaguchi Prefecture, the prefectural name is
omitted from the following description for briefness’ sake.

1 (120m), XXVII-1; Just S of the irrigation reservoir on the northern slope of Amagoi-yama,

W of Okugawara, Isa, Miné-shi.

2 (100m); About 300m S of Okugawara, along the road from Okugawara to Kawara, Isa,

Miné-shi.

4 (100m); Nearly halfway between Okugawara and Kawara (about 900m N of Kawara), Isa,

Miné-shi. '

* As a result of the law of promotion of unifieation of township and village recently taken
effect, many of machi or cho (town) and mura or son (village) are combined together and
established new shi (city) or new machi or cho (town).

The former names are indicated immediately before the name of the newly established shi
or machi (or cho) as the sub-division of the latter. In the Akiyoshi area the main changes are
as follows:

New Miné-shi includes former Ominé-machi, Isa-machi and Ofuku-mura of Miné-gun and
Toyodamae-mura of Asa-gun.

New Shuho-cho includes former Kyowa-mura, Beppu-son, Akiyoshi-mura and Iwanaga-mura.

New Mitocho includes former Ota-machi and Akago-mura of Miné-gun, and Ayagi-mura
and Managata-mura of Yoshiki-gun.
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12 (160m+); About 300m S of Serita, Beppu, Shuho-cho.
13 (200m—); 900m S of Serita (halfway between Serita and Yobara), Beppu, Shuho-cho.
15 (220m); N of ‘' Nagajakuri’ doline, Akiyoshi, Shuho-cho (Just S of the Akiyoshidai bus stop).
62 (220m); On the summit, S of the pass between Shiraiwa and Maki, Ominé, Miné-shi.
97-103: Shigeyasu-quarry, just W of the Shigeyasu station, Ominé, Miné-shi.
97 (110m), XIV-1; near the northern margin of the quarry: 98 (110m+), XIV-2; about 20m
N of 97: 99 (Block), obtained at the southern part of the quarry: 100 (120m), XIV-3; about
40m SSW of 97, central part of the quarry: 101 (150m), XIV-5; about 30m SW of 100: 102
(150m+), XIV-6; 20m SW of 101, southwestern margin of the quarry: 103 (130m), XIV-4;
20m SE of 100, central southern part of the quarry.
183-186: Along or around the lane from Irimizu to the north-western part of Daiyama, Ofuku-
dai, Ofuku, Miné-shi.
183 (330m), XV-3; about 80m S by E of the ¢ Hinode” quarry (Loc. 765): 184 (320m+-),
XV-2; 150m W of 183: 185 (340m), XV-4; 85m S of 183: 186 (840m+-), XV-5; 160m SEE
of 183.
187 (860m); 120m NW of the summit of ‘‘Akanta-yama,”” Ofuku, Miné-shi.
188-191: Northern slope of ‘‘Akanta-yama’ (bench mark 409.4m), Ofuku, Miné-shi.
188 (320m), XVI-6; about 400m NNW of the summit of ‘‘Akanta-yama’’: 189 (310m), XVI-
5; 110m E by N of 188: 190 (270m), XVI-4; 670m NNE of the summit of ‘“Akanta-yama’’:
191 (240m), XVI-3; 80m E of 190.
194 (Block); Obtained at a place about 850m NW of ‘‘Akanta-yama,’”” Ofuku, Miné-shi.
195 (160m); About 800m N by W of “Akanta-yama’’ (SWW of Serita), Beppu, Shuho-cho.
196 (100m+); 850m S from the junction of the narrow road to Serita and the prefectural high-
way between Hagiwara and Katada, Beppu, Shuho-cho.
233 (100m+); Remains of a quarry located NE of the Shigeyasu station (330m NE of the sta-
tion), Ominé, Miné-shi.
235 (110m); 8560m NEE of the small irrigation reservoir on the by-path between Kama and
Tonogakochi, Kyowa, Shuho-cho.
251 (110m+); W of Tonogakochi, Kyowa, Shuho-cho.
257-264: Along or around the uphill road from Kuroiwa southeastward to Chojagamori, Kuroiwa,
Kyowa, Shuho-cho.
257 (190m), XXI-1; about 450m SE of Kuroiwa: 258 (194m), XXI-2; 20m SE of 257: 259
. (200m), XXI-3; 80m E by N of 258: 260 (220m), XXI4; 40m NNE of 259: 261 (230m), 40m
NNE of 260: 262 (270m+), XXI-5; 100m NEE of 261: 263 (300m), XXI-8; 350m SEE of 262:
264 (300m-—), XXI-7; 50m NE of 263.
265 (100m), XXI-1; 30m SSW of the junction of the road between Minami-kochi and Shibao and
the uphill road from Kuroiwa to Chojagamori.
269-273: Along the southern slope of the hill of the 394.5m in height, N of “ngadal,”
Kyowa, Shuho-cho.
269 (350m), XXIII-1; about 100m W of the gentle pass between Shibao and Kaerimizu (the
lowest part between the bench mark 894.5m and ‘Kirigadai’’): 270 (855m), XXIII-2; 50m
N of 269: 271 (860m), XXIII-3; 16m N of 270: 272 (861m), XXIII-4; about 10m N of 271:
273 (375m), XXIII-5; 50m N of 272,
275-279: Along the steep lane from Shikanode to Kaerimizu, Kyowa, Shuho-cho.
275 (230m), XXV-5; 350m SSE from the junction of the lane to Kaerimizu and the road be-
tween Kawaradani and Ebiratoge: 276 (220m), XXV-4; 160m SE of the junction: 277 (165m),
XXV-3; 90m SE of the junction: 278 (155m), XXV-2; 60m SE of the junction: 279 (150m),
XXV-1; 55m NE of the junction along the road to Abumitoge (bench mark, 272m).
285A-299: Along the eastern slope of the Kaerimizu doline (the western slope of Managatake),
Akago, Mito-cho. [All the collecting points 285A-299 are successively arranged from the
ponor of the doline -almost eastwardly to the top of Managatake]. (Refer also to 812-820)
285A (180m), I-1; east side of the ponor: 285 (195m), I-2: 286A (205m), I-3: 286 (205m-+),
I4: 287 (200m), I-5: 287A,B (210m), I-6: 288A (215m), I-7: 288 (217m): 289 (233m), I-8:
290 (240m), I-9: 291 (255m), I-10: 292 (277m), I-11: 293 (290m), I-12: 294 (325m): 295 (3456m),
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I-13: 296 (360m), I-14: 297 (365m), I-15: 298 (370m), I-16, the top of a hill, located 160m W
of the top of Managatake: 299 (360m), 15m E of 298.

300 (280m), XXV-6; 400m NW of the ponor of Kaerimizu doline, Kyowa, Shuho-cho.

303-305: Along or around the uphill path from Narutaki to Tanaiwa, Kyowa, Shuho-cho.

303 (285m), XVII-1; about 200m SW of the pass between Narutaki and Tanaiwa: 304 (295m),
XVII-2; 26m E of 303: 305 (295m), XVII-3; 20m NNE of 805.

306, 307: Along the road from Narutaki to the mable quarry which is not worked at present,
Beppu, Shuho-cho. '
306 (330m), 250m S of the junction of the road from Narutaki to Tanaiwa and that to the
quarry: 307 (360m), about 160m S of 306.

310, 311: SW of the pass between Narutaki and Tanaiwa, Kyowa, Shuho-cho.
310 (315m) XVII-4; 100m SW of the pass: 311 (3256m), XVII-5; 20m SW of the pass.

312 (280m); On the downhill path and about 550m E from the pass described above.

313-316: Along the uphill path from Ono to ‘Dekimizu,” NW of Tanaiwa, Kyowa, Shuho-cho.
313 (265m), XVIII-5; 170m E by S of Ono in a straight distance: 314 (260m), XVIII-4;
20m W by N of 313: 315 (110m), XVIII-3; 120m W by N of“814: 316 (105m), XVIII-2; 30m
W by N.of 315. -

317 (95m), XVIII-1; 220m SW of 316, Ono, Kyowa, Shuho-cho.

318-322: Along the uphill path from 100m SW of ¢ Hirano-bashi’’ to ‘Ryugoho” (bench mark

of 425.5m), Beppu, Shuho-cho.
318 (90m), VIII-1; at the junction of the prefectural highway between Kama and Akiyoshi
and the path to ¢ Ryugoho”: 319 (105m), VIII-2; 20m E of 318: 320 (107m), VIII-3; 20m
SE of 819: 321 (198m), about 400m SEE along the pass from 820: 322 (200m), VIII-4; 15m
E of 321.

325 (405m), VIII-5; 90m SSE of the summit of “Ryugoho’’ (bench mark of 425.5m), Akiyoshi,
Shuho-cho.

327 (230m), VII-1; On the uphill path from ¢Seto” to *Ryugoho”; about 900m N of ‘ Seto”
quarry.

329 338: Along the northwest-western slope of ¢ Kirigadai,”” Kyowa, Shuho-cho.

329 (287m), XXII-1; about 800m in a direction of N 60° W from the highest point of
«Kirigadai”: 330 (305m), XXII-2; 240m SE of 329: 331 (325m), XXII-3; 76m E by S of
330: 332 (34bm), XXII-4; 100m E by S of 331: 333 (410m), XXII-5; 50m NW of the highest
point of ¢Kirigadai.”

334-336: Around the highest point of ‘¢ Kirigadai,”” Kyowa, Shuho-cho.

334 (425m), 40m SSE of the highest point: 835 (425m), 80m SSE of 334: 336 (425m), 30m NE
of 334.

337 (280m), XXI-6; SE of Kuroiwa, 70m NWW of 263.

338 342: South-southwestern slope of Takayama (bench mark of 228m), Minamikochi, Kyowa,
Shuho-cho.

338 (150m), XX-4: 339 (210m), XX-5: 340 (220m), XX~-6; 70m SSW of the summit: 341 (228m),
XX-7; the summit of Takayama: 342 (100m), XX-3; at the junction of the uphill lane and
the road from Minamikochi to Shibao.

343 (100m), XX-2; 220m SW of 342 along the road between Minamikochi and Shibao.

345, 846: On the top of Nakanodai (*‘Tonandai’’), Kyowa, Shuho-cho.

845 (250m), 300m N of the bench mark, 261.5m: 346 (250m), 200m N of the bench mark.

351-355: Southwest-western slope of Shishidedai, Akago, Mito-cho.

851 (300m), 1I-5; 150m SWW of the top of Shishidedai: 352 (240m), II-4; 100m NW of the
bench mark, 261.5m: 353 (210m), II-3; 100m NW of 352: 354 (210m), II-2; 40m N of 353:
355 (210m), II-1; 100m NW of 354.

357 (160m); 176m NE of 279, along the road from Kawaradani to Abumitoge (bench mark, 272m),
Kawaradani, Kyowa, Shuho-cho.

358, 359: Around the top of ‘ Tsugunenoatama’ (bench mark, 421.6m), northeastern hill of
Ofukudai, Beppu, Shuho-cho.

358 (410m), just on the top: 359 (390m), 100m NWW of 358.
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861 (100m); Era quarry, N of Era, Beppu, Shuho-cho..

362 (90m); Northwestern bank of Shirozu-ike, Era, Shuho-cho.

363 (280m+); ““Uzura’ quarry, located about 1200m W of Yobara, Beppu, Shuho-cho.

365, 366: Along the road runs through the west side of Yobara, Beppu, Shuho-cho.

365 (160m), about 400m NNW of the crossing of roads at the southern outskirts of Yobara:
366 (160m), 120m N of 365.

368-370: Along the road between Serita and Yobara, Beppu, Shuho-cho.

368 (190m), about 700m S of Serita (200m N of 13): 369 (160m--), about 8300m S of Serita
(almost the same point as 12): 370 (160m), 10m N of 369.

373 (100m—); 120m S by W of the junction of road between Kama and Sako and that between
Kajiya and Ono, Kajiya, Kyowa, Shuho-cho.

374-376: Along the western slope of a gentle hill, located to the E of Kajiya, Kyowa, Shuho-cho.
374 (95m), XIX-1; about 400m SSE of a small bridge located to the S of Kajiya: 375 (120m),
XIX.-2; 190m SE of 374: 376 (210m), XIX-3; 430m E by S of 875.

377, 378: Western slope of ‘“Kasagi-yama’’ (bench mark, 334m), Kyowa, Shuho-cho.

377 (240m), 360m W by N of the bench mark: 378 (255m), 130m SSE of 377.

379, 380: Western slope of Tanaiwa (bench mark, 302.1m), Kyowa, Shuho-cho.

379 (270m), 350m NWW of the bench mark: 380 (250m), 180m SW of 379.

381, 382: Southwestern slope of Tanaiwa (bench mark, 802.1m), Akiyoshi, Shuho-cho.
381 (240m), 370m SWW of the bench mark: 382 (240m), 60m E of 381.

427 (90m); Small quarry to the W of Iwanaga-hongo, Iwanaga, Shuho-cho.

433-443: Along or around the uphill path from the E of Kyozuka to the pass located NE of
“ Ryugoho,”” Akiyoshi, Shuho-cho.

433 (250m), VII-2; about 850m N by E of Kyozuka (bench mark, 245m): 434 (250m+), VII
-3; 170m NNW of 433: 435 (270m), VII-4; 200m NW of 434: 436 (280m), VII-5; 50m N by
W of 435: 437 (290m), VII-6; 40m N by W of 436: 438 (300m), VII-7; 180m N by W of
437: 439 (365m), VII-10; 520m NW of 439: 440 (335m), VII-9; 380m NNW of 438: 441
(316m), VII-8; 140m N by W of 438: 442 (270m), 270m E of 441: 443 (240m), 120m SSE of 442.

444 (200m); Southeastern wall of ¢ Yanoana’ doline, 100 m SE of the lowest point of the doline,
Akiyoshi, Shuho-cho.

445, 446: W of ‘ Yanoana’ doline, Akiyoshi, Shuho-cho.

445 (200m), 220m W by S of the lowest point of the doline: 446 (210m), 180m NNW of 445.

447452, and 456: South-southeastern slope of Tanaiwa (or N of ¢ Nagajakuri’’ doline), Akiyoshi,

Shuho-cho.
447 (210m), VIA-~1; 250m N by W of the lowest point of ¢ Nagajakuri’ doline: 448 (210m),
VIA-2; 90m N by E of 447: 449 (250m), VIA-3; 250m N of 448: 450 (260m), VIA—4; 50m
N of 449: 451 (280m), VIA-5; 130m N by W of 450 (or 280m SE of the bench mark, 302.1m):
452 (300m), VIA-6; 80m SE of the bench mark, 302.1m. ‘

456, 457: N of ‘‘Nagajakuri’’ doline along the road to * Wakatake-yama,’”” Akiyoshi, Shuho-cho.
456 (230m), 250m N by E of the lowest point of the doline: 457 (230m), 75m E by S of 456.

458 460: NE of ‘< Nagajakuri” doline, Akiyoshi, Shuho-cho.

458 (260m), about 500m NE of the lowest point of the doline: 459 (260m), 130m NE of 458:
460 (270m), 350m NNE of 459.

461-464: Northwestern slope of ‘“Benkei-yama’’ which is located 600m N of ¢ Minami-yama’’
(bench mark, 321.4m), Ota, Mito-cho.

461 (330m), V-1: 462 (340m), V-2: 463 (350m), V-3: 464 (850m), V-4.

465 (320m); 40m E of the bench mark, 321.4m of ‘ Minami-yama,” Ota, Mito-cho.

467 (290m); About 600m NWW of the bench mark, 821.4m of ‘‘ Minami-yama,” Ota, Mito-cho.

472-475: Along the path runs through the west side of long rally (‘“ Owatari’’) of north-northeas-

terly direction, NW of * Kasagi-yama’ (bench mark, 334m), Kyowa, Shuho-cho.
472 (260m), 750m NNW of the bench mark of 334m: 473 (250m), 360m NNE of 472: 474
(220m), 250m NNE of 473 (180m NE of the lowest point of a small doline): 475 (225m), 65m
NW of 474.

476-479: On the gentle range of almost N-S direction, SE of Kuroiwa, Kyowa, Shuho-cho.
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476 (310m), XXI-9; 40m NE of the highest point at the northern part of the range (270m
SE of 263): 477 (310m+), XXI-10; 25m SW of 476: 478 (360m), 480m S by W of 477: 479
(360m), 70m S of 478.

480 (230m); 60m W by N of 381, southwestern slope of Tanaiwa (bench mark, 302.1m), Akiyoshi,
Shiiho-cho.

489, 490: On the top of a hill (bench mark, 319.0m), located about 2000m N by W of the pre-
fectural stad-farm, Isa, Miné-shi.
489 (319m), just on the top: 490 (815m), 50m NE of 489.

491-493: Southern slope of 4 hill situated just to the N of the hill (bench mark, 819.0m) de-
geribed above, Isa, Miné-shi.
491 (316m), X-1; 150m N by E of 490: 492 (320m), X-2; 25m N of 491: 493 (320m+), X-3;
70m N of 492.

494, 495: Along the path around the hill described above, Isa, Miné-shi.
494 (300m), about 300m N by W of 493: 495 (300m), 180m NWW of 494.

496, 497: NE of Okugawara, Isa, Miné-shi.
496 (295m), 240m SW of 495 in straight distance: 497 (260m), 300m S by E of 496.

498 (325m); About 70m SW of the top of a hill located about 900m S of ¢ Tsugunenoatama’
(bench mark, 421.6m), Isa, Miné-shi. (About 400m NNE of 494 in straight distance).

499 (100m); 1150m SEE from  Hirano-bashi’’ along the prefectural highway between Kama and
Akiyoshi, Akiyoshi, Shuho-cho. .

500-502A: Along the uphill road from the NW of Iwanaga-hongo northwest-westward to the hill
of 319.0m in height, Iwanaga, Shuho-cho.
500 (80m), XIA-1; 90m NNW from the farm-house situated most north-westerly along the
road: 501 (100m), XIA-2: 150m N by W of 500: 502 (105m), XIA-3; 80m NW of 501:
502A (106m+), XIA-4; 16m NWW of 502.

502 (285m); About 1200m E of the pass between Yobara and Okugawara along the road runs
easterly, Isa, Miné-shi.

505, 506: S of the pass between Irimi and Okugawara, Isa, Miré-shi.
505 (280m), 250m S of the pass: 506 (280m), 80m SW of 505.

508 (250m); 380m SSW of the top of Amagoi-yama (bench mark, 373.3m) in straight distance,
Isa, Miné-shi.

509 (265m); 380m W by N of the top of Amagoi-yama in straight distance, Isa, Miné-shi.

514 (120m); 1200m W by S of the three-forked road at Kawara, Isa, Miné-shi.

515-520: Along the uphill road from Mizuta southwest-westward to ‘‘Iwanagadai,”” Iwanaga,
Shuho-cho.
515 (125m), about 200m SWW of Mizuta: 516 (130m), IX-1; 656m S of 515: 517 (1560m), 65m
S of 516: 518 (160m), IX-2; 50m S by W of 517: 519 (280m), IX-8; about 1100m SWW of
518: 520 (280m), IX-4; 20m SW of 519.

521-528: Southern slope of a hill located about 500m NE of the hill of 319m in height, Isa,
Miné-shi.
521 (320m), X-4; 320m NW of 491 in straight distance: 522 (822m), X-5; 25m N of 521:
523 (320m), X~6; 5m N of 522.

524-526: Along the uphill road from the W of Iwanaga-hongo northwest-westward to ‘ Iwanaga-
dai,” Iwanaga, Shuho-cho.
524 (85m), 40m W of the most westerly located farm-house of Iwanaga-hongo (or about 100m
S of 427): 524A (85m+), 20m NW of 524: 524B (856m+), 80m W of 524: 525 (100m), about
70m W of 524B: 526 (120m), about 180m NWW of 525.

527 (210m); About 200m NNE of the three-forked road along the old road from Hirotani to
Naganobori via W of Okubo, Okubo, Ota, Mito-cho.

528 (285m); 390m SSW of the top of ‘‘Minami-yama ” (bench mark, 321.4m), Ota, Mito-cho.

529 (280m); 360m NE of the top of ‘‘Minami-yama’’ (bench mark, 821.4m), Ota, Mito-cho.

531 (370m); About 50m W of the top of ““Kitayama’ which is a gentle hill located to the NNW
of Chojagamori, Kyowa, Shuho-cho.

532-534: Along the road from Sayama to Taishodo, Akago, Mito-cho.
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532 (180m), 570m SSW of the junction of roads from Sayama to Taishodo and to Kagekiyodo:
533 (180m), 400m W by S of 532: 534 (180m), 300m W of 533, just N of Taishodo.

535 (230m); About 1100m NW of Taishodo on the western slope of ‘‘ Yodanko,” a gentle hill
located to the N of Taishodo, Akago, Mito-cho.

536-548: Along the uphill path from Sayama to the top of Managatake (Northeastern slope of
Managatake), Akago, Mito-cho.
536 (200m), about 550m SSW of the junction of roads to Taishodo and to Managatake: 537
(215m), 110m SW of 536: 538 (220m), III-1; 210m SW of 537: 539 (255m), III-2; 200m SWW
of 538: 539A (260m), III-3; 5m SW of 539: 540A (265m), III-4; 30m SWW of 539A: 540
(267m), I1I-5; 5m S of 540A: 541 (2756m), III-6; 45m SSW of 540: 542 (300m), III-7; 70m
SW of 541: 543 (316m), III-8; 75m SWW of 542: 543A (315m), III-9; 10m SSE of 543: 544
(335m), II1-10; 50m SW of 543: 545 (350m), III-11; 40m SWW of 544: 546 (380m), III-12;
80m SWW of 545 (10m NW of the top of Managatake): 547 (3756m), 30m SW of 546: 548
(360m), 120m W by S of 546.

549-552: Northeastern part of ¢ Jigokudai,”” Kyowa, Shuho-cho.
549 (340m), XXIV-5; 40m N 60°E of the monument of ‘ Jigokudai”’: 550 (340m), XXIV—4;
150m N 60°E of the monument: 550A (840m), XXIV-3; 10m N by E of 550: 551 (320m),
XXIV-2; 60m NE of 550: 552 (300m), XXIV-1; about 400m N 60°E of 551.

553 (280m); About 600m S 30°W of the top of Managatake, Akago, Mito-cho.

565 (130m); 40m N of the top of a low hill (bench mark, 142.1m), located to the SW of Iwanaga-
hongo, Iwanaga, Shuho-cho.

566-568C: Around a hill located about 650m NNE of the hill of 319m in height, Isa, Miné-shi.
566 (320m), X-7; 100m NNW of 523: 567 (320m+), X-8; 75m N of 566: 568 (320m), X-9;
66m N by W of 567: 568A (320m), X-10; 10m SE of 568: 568B (320m), X-11; 4m NE of
568A.: 568C (320m), X-12; 10m NE of 568.

569 (110m); Eastern part of the Isa quarry worked by the Ubekosan Co., Isa, Miné-shi.

570-571A: Along the uphill path from the Isa quarry to Konokami-yama (bench mark, 233.0m),
Miné-shi. )
570 (110m), XIII-1; about 750m SW of the bench mark in straight distance: 570A (160m),
XIII-2; 20m NNE of 570: 571 (170m), XIII-3; 130m NE of 570A: 571A (170m+), XIII-4;
5m NE of 571. )

572 (100m); Kunigyo quarry, Kunigyo, Ominé, Miné-shi.

577 (90m); Small limestone outerop by the railroad of the Miné-line, about 1450m NNE of the
Yoshinori station, Ominé, Miné-shi.

600-602: Along the recently constructed road from the N of Maruyama north by eastward to
1000m W of Kawara, Isa, Miné-shi.
600 (110m), about 150m NW of the junction of road at the N of Maruyama: 601 (140m),
200m N of 600: 602 (160m), 120m N by E of 601.

603 (100m); ‘ Yakusen’’ quarry, S of Maruyama, Isa, Miné-shi.

604 (100m); No. 5 quarry, Kami-isa, Isa, Miné-shi.

605 (100m); No. 4 quarry, NW of Kami-isa, Isa, Miné-shi.

606, 606A: No. 3 quarry, Isa, Miné-shi.
606 (100m--), XII-1; southwestern part of the quarry: 606A (100m+), XII-2; 20m SW of 606.

607-612: Along the steep uphill path runs along the ridge between No. 8 quarry and Ubekosan’s
huge quarry, Isa, Miné-shi (Limestones of 608-612 have already been exhausted).
607 (100m), XII-3; Just W of a house, located 20m N of the railroad: 607A (100m+), XII4;
3m N of 607: 608 (115m), XII-5; about 80m N of 607: 609 (135m), XII-6; 90m NNW of 608:
610 (145m), XII-7; 50m NE of 609: 611 (145m+), XII-8; 60m NNW of 609: 612 (145m),
. XII-9; 60m NW of 611.

613 (100m); Southeastern part of the Ubekosan’s quarry (140m W by N of 607), Ominé, Miné-
shi (Limestone of 613 has already been exhausted).

614 (100m); 180m SSE of ¢ Shibukura-bashi,”” W of Shimomura, Isa, Miné-shi.

619 (100m); About 90m SE of *Kunigyo-bashi,”” N of Kobayashi, Isa, Miné-shi.

623 (140m); About 1400m NEE of the railroad of Miné-line along the valley through ‘which the
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truck railroad of the Tokuyamasoda Co. is build, N of Satoyamase, Ominé, Miné-shi.

626 (190m); 100m NEE of the Irimi primary school, W of Irimi, Ominé, Miné-shi.

645, 646: NW of Tobinosu, Ota, Mito-cho.

645 (180m), small quarry situated about 500m NWW of the three-forked road at the NW of
Tobinosu: 646 (230m), about 300m NW of 645.

647 (190m); Quarry located about halfway between Okubo and Hirabara (or about 400m N by E
of the bench mark, 800.2m in straight distance), Ota, Mito-cho.

712 (180m), IV-1; Just E of a spring located at the E of Uéyama, Akago, Mito-cho.

713-715: Northeastern slope of a hill, SW of Uéyama, Akago, Mito-cho.

713 (200m), 150m W of Mr. S. Nakajima’s residence along the uphill path: 714 (210m), 120m
W of 713: 715 (275m), 250m SSW of 714.

716-720A: Along the uphill road from Uéyama to Kaerimizu, Akago, Mito-cho.

716 (190m), IV-2; 180m W of the farm-house most easterly situated in Uéyama: 716A (190m),
IV-8; 30m W of 716: 717 (190m+), IV-4; 126m W of 716A: T7I8 (195m), IV-5; 160m W of
717: 719 (195m), IV-6; 80m SW of 718: 720 (205m), IV-7; 260m SW of 719: 720A (205m),
1V-8, 25m SW of 720.

724 (270m); Kitabira mine, located about halfway between Edo and Naganobori, Akago, Mito-
cho.

742-746: Along the northeastern slope of ‘‘Akanta-yama’ (bench mark, 409.4m), Beppu, Shuho-

cho. :
742 (210m), XVI-2; about 200m SSW of the junction of road between Serita and Yobara and
uphill path to ‘“Akanta-yama’’: 743 (320m), about 400m SWW of 742: 744 (855m), XVI-T7;
120m S by W of 743: 745 (380m), XVI-8; 220m SW of 744: 746 (390m), XVI-9; 30m S by
W of 745 (or 150m NE of the top of ‘“‘Akanta-yama’’).

747 (120m); 100m NE of the junction of recently build and old narrow roads from Serita to
Yobara, Serita, Beppu, Shuho-cho.

748 (160m); About 850m W by S of the concrete steps of the shrine located near the center of
Yobara (or about 160m S by E of 365), Yobara, Beppu, Shuho-cho.

749 (180m); Isolated outerop in field which is about 60m NW of the crossing of roads at the
southern outskirts of Yobara, Beppu, Shuho-cho.

750-760: Along the uphill road from the crossing of road described above nearly westward to
the southern flank of ‘“‘Akanta-yama’’; 750-753, Beppu, Shuho-cho: 754-760, Ominé, Miné-shi.
750 (180m), XXVI-1; 90m W by N of the crossing of the roads: 751 (180m+), XXVI-2;
150m SW of 750: 752 (190m), XXVI-8; 45m SW of 751: 753 (200m), XXVI-4; 50m SE of 752:
754 (210m), XXVI-5; 120m SW of 752: 755 (220m), XXVI-6; 100m W by N of 754: 756
(230m), 30m W of 7565: 757 (245m), XXVI-7; 80m W of 756: 758 (260m), XXVI-8; about
100m W by N of 757: 759 (270m), XXVI-9; 110m NWW of 758: 760 (270m), XXVI-10; 90m
NW of 759.

765A~765G (290m); “ Hinode’ quarry, about 900m S of Hagiwara, Ofuku, Miné-shi. [A, B, C,
...., and G represent different cobble or boulder of limestone conglomerate].

766-772: Along the road between Yobara and the W of Irimi (about 100m E of the Irimi pri-

mary school), Ominé, Miné-shi.
766 (206m), 400m S by E of the crossing of roads at the southern outskirts of Yobara: 767
(210m), 100m S of 766: 768 (210m), 180m S of 767: 769 (226m), 17T0m SSW of 768: T76SA
(225m), 8m S of 769: 770 (250m), the west side of the pass between Yobara and Irimi (or
120m S of 769A): 771 (205m), 220m SSW of the pass: 772 (195m), 90m SW of 771.

773 (220m); Top of a high hill located to the NNE of Yobara (or SE of Serita), Beppu, Shuho-
cho.

775 (850m); About 880m SW of the ¢ Hinode’’ quarry (or 100m SW of 183), Ofuku, Miné-shi.

T76, 777: Along the western slop of a hill located to the NW of ‘“‘Akanta-yama”’ (bench mark,
409.4m), Ofuku, Miné-shi.

776 (350m), XV-6; about 360m SW of the ¢ Hinode’’ quarry: 777 (370m), about 180m SEE
of 776.
778 (320m); About 350m S of the ¢ Hinode’ quarry (or 280m SWW of 776), Ofuku, Miné-shi.
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T79 (120m); 400m E by N of a quarry situated to the NE of Maruyama, Isa, Miné-shi.

780 (185m); 100m NNE of the pass between Maruyama and Kawara (or 400m N 55°E of 779),
Isa, Miné-shi.

782-785: Along the deep valley of NE-SW direction developed to the SW of Okugawara (or to
the N of Amagoi-yama), Isa, Miné-shi.

782 (126m), XXVII-2; 100m SW of the western end of the irrigation reservoir (or 250m SWW
of 1): 783 (160m), XXVII4; 200m SW of 782: 784 (235m), 250m SSW of 783: 785 (145m),
XXVII-8; almost vertical cliff, 60m SE of 782.

786 (120m): 580m W of the three-forked road of Kawara, Isa, Miné-shi.

787-789: Southeastern slope of Amagoi-yama, Kawara, Isa, Miné-shi.

787 (150m), about 400m N of the junction of the uphill path, 300m W of the three-forked
road of Kawara: 788 (160m), 70m NNE of 787: 789 (170m), 30m N by W of 788.

791, 792: Northeastern slope of Amagoi-yama, Isa, Miné-shi.

791 (300m), XXVII-5; 270m NE of the top of Amagoi-yama (bench mark, 373.3m): 792
(335m), XXVII-6; 130m NEE of the bench mark. )

793 (100m); 300m W of the Kawara branch school of the Isa primary school, Kawara, Isa,
Miné-shi.

798, 799: Hirotani, Akiyoshi, Shuho-cho.

798 (100m), 10m N of the junction of the sight-seeing road to Shuhodo and the short-cut path
to Akiyoshidai: 799 (100m), 50m NW of 798 and at the back of the Katori Hotel.

800 (295m); Western slope of ¢ Kirigadai’ and 80m SW of 330.

801 (100m); 160m NE of the three-forked road at Kawara, Toriyama, Isa, Miné-shi.

802-806: Along the road from Hirotani to the W of ‘‘Minami-yama” via the W of Okubo:

802, 8038, Akiyoshi, Shuho-cho; 804-806, Ota, Mito-cho.
802 (140m), 750m NEE of the Shuhodo bus depot: 803 (160m), 100m NEE of 802: 804 (205m),
about 160m N of the junction of paths to the W of ¢ Minami-yama’’ (bench mark, 321.4m)
and to Naganobori: 805 (240m), NNW of 804: 806 (240m), 70m NW of 805.

807 (310m); 200m W by N of the top of ‘‘Minami-yama”’ (bench mark, 321.4m), Ota, Mito-cho.

808, 809: Northeastern slope of ¢ Minami-yama’ (bench mark, 321.4m), Ota, Mito-cho.

808 (280m+-), 300m NE of the bench mark: 809 (280m+), 80m NNW of 808.

810 (305m); Southeastern slope of ‘‘Benkei-yama’ (190m SE of 464 or 380m NNW of the top
of ¢Minami-yama ’’), Ota, Mito-cho.

811 (200m+); 270m NE of the lowest point of the “ Yanoana’ doline, Akiyoshi, Shuho-cho.

812-820: Along the eastern slope of the Kaerimizu doline (the western slope of Managatake),

Akago, Mito-cho (Refer also to 285A-299).
812 (206m)==286A (1-3): 813 (220m) comes in between 288A (I-7) and 814 (I-8A): 814 (222m),
I-8A: 815 (235m) and 816 (235m-+) are slightly lower than 290 (I-9) in field: 817 (250m),
I-9A: 818 (260m) is slightly upper than 291 (I-10): 819 (310m), I-12A: 820 (370m) is slightly
lower than 298 (I-16).

821 (280m); 300m S of the top of a hill, located 160m W of the top of Managatake, Akago,
Mito-cho.

822-831: Along the sight-seeing highway from Shuhodo to Akiyoshidai, Akiyoshi, Shuho-cho.
822 (80m), 20m NWW of a house located about 300m N by E of the Shuhodo bus depot:
823 (90m), 85m NW of 822: 824 (100m), 40m NWW of 823: 825 (130m), 100m NW of 824:
826 (140m), 66m NW of 825: 827 (145m), 30m NW of 826: 828 (150m), 20m NNW of 827:
829 (155m), 40m NW of 828, small quarry by the road: 830 (170m), 190m NW of 829: 831
(180m), 260m NW of 830 (or 110m SW of the crossing of roads).

832 (150m); Uphill path from Maki to Yobara; about 800m SW of Shirozu-ike in straight dis-
tance, NE of Maki, Beppu, Shuho-cho.

833 (200m); 230m SWW of 832 in straight distance; outcrop in cedar grove, west side of uphill
path from Maki to Yobara, Beppu, Shuho-cho.

834 (260m); 560m SW of 832 in straight distance; just W of the crossing of the road from
Katada southward to the W of ¢ Tsugunenocatama,” the highest point of the Ofukudaj
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(bench mark, 409.4m) and path from Maki to Yobara, Beppu, Shuho-cho.
835 (90m); South-central part of the Ubekosan’s quarry, Ominé, Miné-shi.
836 (120m); Halfway of the incline-truck railroad, laid to the W of the Ubekosan’s quarry,
Ominé, Miné-shi.
837-839: Along the truck railroad, laid to the upper part of the Ubekosan’s quarry, Ominé,
Miné-shi.
837 (150m), about 250m NNW in straight distance from the crusher-house located in the
south-central part of the quarry: 838 (155m), about 100m NE of 837: 838 (155m), about 50m
E of 838.
The Faunal Association of the Species.—The faunal association at each locality of
all the species described in this paper is omitted to save the space and the cost
of printing. To check the faunal association of the species at each locality the
readers are requested to refer to the range and distribution charts inserted in

the énd of this paper.

The Repository of the specimens.—All the specimens used in this study will be
deposited in the Paleontological Repository of the Department of Geology, Kyushu
University, Hakozaki, Fukuoka, Japan, except the OzAwA’s collection which is kept
in the Department of Geology, the University of Tokyo, Hongo, Tokyo, Japan and
the HASHIMOTO’s collection which is kept in Otemae High School of Kochi Prefec-
ture, Shikoku, Japan.
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Description of Species

Part A. Pennsylvanian Fusulinids

Family FUSULINIDAE MOLLER, 1878
Subfamily STAFFELLINAE MIKLUCHO-MAKLAI, 1949
Genus Nankinella LEE, 1933
Nankinella sp.

PL 1, figs. 8-5

The shell is minute, with the angular periphery and the umbilical poles. The
lateral slopes are convex in the inner volutions, but are concave at maturity at
least in one side of the shell. Mature specimens have five volutions. The figured
specimen (Pl. 1, fig. 4) of five volutions has an axial length of 0.67 mm and a width
of 1.23 mm, with a form ratio of 0.54. The first volution seems to slightly evolute.
The second volution involutes. The umbilication begins from as early as the second
volution, but the lateral slopes keep convex form to the ultimate volution. The
ratios of the half length to the radius vector of the first to fifth volution in the
figured specimen (Pl. 1, fig. 4) are 0.7, 0.7, 0.5, 0.5, and 0.5, respectively.

The proloculus is very small, and its outside diameter is hard to be measured
exactly. The shell expands rather uniformly. Average radius vectors of the first
to fifth volution in the figured three specimens are 63, 114, 242, 387, and 580
microns, respectively. The heights of the chamber very slightly decrease from
the center of the shell toward the poles in the inner volutions. In the last one
or two volutions, however, the chamber is highest at the center of the shell.
After the sudden decreasing toward both slopes it becomes almost uniform in
height, then it decreases again at the umbilical area.

The spirotheca is thin, seemingly consisting of four layers. Although the
minute structure of the spirotheca is not determined with certainty, it is beyond
doubt that there is a diaphanotheca-like clear layer in the spirotheca, which can
be observable in some part of the outer volutions. The spirotheca attains a thick-
ness of 17 microns in the fourth and 26 microns in the fifth volution of one speci-
men (Pl. 1, fig. 4). The spirotheca is of almost uniform thickness in central two-
thirds of the shell, but becomes thinner in the axial regions.

The septa are unfluted throughout the length of the shell. The other charac-
ters and numbers of the septa are unknown because of the absence of the sagittal
section at hand.

The tunnel seems to be low and narrow. The chomata do not present.

Remarks.—Nankinella sp. resembles N. plummeri THOMPSON from the Mable Fall
limestone of Texas. However Texas species has more pointed periphery and
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Table 1. Table of Measurements (in Millimeters) of Nankinella sp.

Radius vector
Specimen  Loe. Rg.No. PL fig. L. W. R. Prol.

1 2 3 4 5

1 378 310 1 3 0.9 0.51 0.6 — .064 .126 .240 .360 .500
2 535 148 1 4 0.67 1.23 0.5 e .058 .104 .279 .467 .661
3 535 151 1 5 0.35 0.61 0.6 — .066 .113 .208 .335

Ratio of Hl./Rv. Thickness of spirotheca

Specimen = — I
1 2 3 4 5 1 2 3 4 5

1 0.8 — 0.5 0.6 0.6 — — — — .024
2 0.7 0.7 0.5 0.5 0.5 — — — .017 .026
3 0.5 0.6 0.5 0.6 — .009 .010 .010

smaller form ratio. In the present species the central portion of the last one or
two volutions is roundly pointed with concave lateral slopes, and the chomata do
not develop. The statistic data show that both the species are closely related if
not conspecific. Until more sufficient material becomes available the final deter-
mination should be postponed.

Occurrence.—Nankinella sp. occurs only from the Loc. 378 and 535.
The stratigraphical age of this species is ranging from the Cma* up to Cmp*.

Genus Staffella Ozawa, 1925
Staffella akagoensis TORIYAMA, n. sp.
Pl 1, figs. 6-8

The shell of Staffella akagoensis TORIYAMA, n. sp. is small and subspherical with
rounded periphery, very slightly umbilical axial regions, and straight axis of coil-
ing. Mature specimens of six to seven volutions have a length of 0.73 to 0.82 mm
and a width of 1.05 to 1.20 mm. The form ratio is about 0.7. The first two volu-
tions are evolute. From the third volution the shell becomes involute, increasing
the axial length rapidly. At maturity the axial regions are very slightly umbili-
cate, at least on one side of the shell. The ratios of the half length to the radius
vector of the first to seventh volution of the holotype are 0.4, 0.4, 0.4, 0.5, 0.5,
0.6, and 0.6, respectively.

The proloculus is very small and spherical and has an outside diameter of 54

* The abbreviations Cl, Cma, Cmp, ...., and Pua respectively represent the corresponding
fusulinid zone or subzone, the definition of which is given in the Part I of this paper. For
briefness’ sake these abbreviations are also used in this paper (Part IIT) for the time unit
corresponding to respective zone or subzone. There is no contradiction in this usage in such a
stratigraphieal unit as the Akiyoshi limestone group which consists almost exclusively of caleare-
ous facies throughout the group and is continuous in deposition except the presumed unconformi-
ties below the base of the Pla subzone and the Pua zone,
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to 70 microns, averaging 66 microns in three specimens. The shell expands slowly
in the first two volutions, but somewhat rapidly and uniformly in the outer ones.
Average of the radius vectors of the first to seventh volution of four specimens
is 66, 109, 160, 247, 326, 429, and 540 microns, respectively. The heights of the
chamber are about the same in central one-third of the shell, but they gradually
decrease polewardly.

The spirotheca is fairly thick, consisting of four layers which are seemingly
referable to a tectum, a diaphanotheca and inner and outer tectoria. However
the minute spirothecal structure cannot be observed in the inner volutions. The
diaphanotheca can be observable in some part of the outer volutions. The thick-
ness of the spirotheca in the fifth to seventh volution of the holotype specimen
are 17, 24, and 25 microns, respectively. The spirotheca seem to be thickened in
the central portion of the outer volutions.

The septa do not flute at all. They are of the same structure as the spirotheca,
extending forward at small angles (about 10 degrees) from the normal to the
spirotheca. Though the number of the septa cannot be counted due to the poor
state of the preservation, it seems that at least 20 or more septa present in the
last volution.

The tunnel is low and is rather narrow. Its path is almost straight. The
tunnel angles of the second to sixth volutions of the holotype specimen are 18, 10,
15, ‘12, and 19 degrees, respectively. The chomata are low and asymmetrical,
having' a height of one-fifth to one-third of the chambers. The tunnel side of the
chomata is very steep, but the poleward slopes are gentle. They are obscure in
the outer two or three volutions.

Table 2. Table of Measurements (in Millimeters) of staffella akagoensis TORIYAMA, n. sp.

. Radius vector
el roe. X8 PLfig. L. W. R. Prol
' 1 2 38 4 6 6 1

* 81 171 1 6 0.73 1.06 0.7 .066 .085 .140 .189 .260 .3835 .463 .575
2 31 173 1 7 0.8 1.21 0.7 .070 .077 .128 .214 .356 .425
3 31 172 1 8 — 1.06 — .04 .063 .095 .123 .184 .278 .395 .505
4 351 171 — 0.88 — — .038 .071 .113 .189 .265 .430
Speci- Ratio of HI./Rv. Thickness of spirotheca Tunnel angle
™M1 2 83 4 5 6 7 4 65 6 71 2 3 4 5 6
1* 0.4 0.4 0.4 0.5 0.5 0.6 0.6 — 017 .024 .025 18 10 15 12 19
2 — — 0.6 0.6 0.7 — .014 .019 _— = -
3 015 .019 .024 .026
4 —  .020

* Holotype specimen.

Remarks.—OzAwA described two species of Staffella, S. molleri Ozawa and S.



24 R. TORIYAMA

yobarensis 0zawA from the Akiyoshi limestone, of which the latter closely re-
sembles the present species. However the 0zawA’s original description (p. 20) on
S. yobarensis does not coincide with his illustration of Pl. III, fig. 5. His holotype
specimen (section number II-24 in his collection) shows that S. yobarensis has very
massive chomata and considerably thick wall. Generally speaking, S. yobarensis
is smaller in size and less numerous in the number of volution.

The present species also resembles Staffella powwowensis THOMPSON from the
Powwow Canyon, Texas. However the latter species has more rounded central
portion and a slightly larger form ratio, and the evolute development of the shell
is restricted only to the first volution. The umbilical depression is a little stronger
in S. powwowensis.

Occurrence.— Specimens here referred to Staffella akagoensis TORIYAMA, n. sp. occur
in Nos. 1 and 5 limestones of Section II (Loec. 855 and 351, respectlvely) Its strati-
graphical range is the Cma and Cm§.

Staffella cf. mollerana THOMPSON
PlL 1, fig. 9

1878. Fusulinella sphaerica MOLLER. Acad. Sci. St. Petersburg, Mem., VII® ser., Tome 25, No.
9, pp. 114-117, PL. 5, figs. 6a-d, Pl. 15, figs. 3a-b.

1935. Staffella mollerana THOMPSON. Jour. Paleontology, Vol. 9, p. 113, Pl. 13, figs. 19-23.

1948. Staffella mollerana THOMPSON. Univ. Kansas, Pal. Contrib., Protozoa, Art. 1, pp. 29, 30,
Pl 2, figs. 4-8.

As this species is represented by only two specimens the following deseription
cannot be called complete.

The shell is large for the genus and is seemingly spherical with rounded
central portion and slightly depressed umbilical poles. The umbilication is very
slight in the inner volutions, but is rather strong in the outer two volutions. The
figured specimen of six volutions has a length of 1.4 mm and a width of 1.6 mm,
attaining a form ratio of 0.9.

The proloculus is small and spherical, having an outside diameter of 106 microns.
The first volution is evolute. From the second volution the shell becomes involute.
The length of axis increases from the second volution to maturity. In the ultimate
volution the polar regions are slightly depressed, at least on one side. The ratios
of the half length to the radius vector of the second to sixth volution of the
figured specimen are 0.6, 0.7, 0.7, 0.8, and 0.9, respectively. The heights of the
chambers are almost the same except in the umbilical area where they decrease.
The radius vectors of the first to sixth volution of the figured specimen are 142,
217, 321, 425, 610, and 841 microns, respectively.

The spirotheca is rather thick, and seems to consist of four layers, a tectum,
a diaphanotheca-like clear layer and both inner and outer tectoria. The clear layer
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can be observable from the second volution although it is not discernible in the
polar regions even in the outer volutions. The thickness of the spirotheca of the
third to sixth volution are 15, 15, 26, and 32 microns, respectively. The spirotheca
is nearly the same in thickness from the center of the shell to the poles.

The septa seem to be unfluted throughout the length of the shell. The septal
count is unknown.

The tunnel seems to be low and considerably wide. The chomata are very
poorly developed or absent in the outer volutions.

Table 3. Table of Measurements (in Millimeters) of Staffella cf. mollerana THOMPSON

Radius vector
Specimen Loc. Rg.No. Pl. fig. L. W. R Prol.

1 2 3 4 5 6

1 549 154 1 9 1.38 1.60 0.9 —  .142 .217 .821 .425 .610 .841
2 549 154 0.95 1.83 0.7 .106 .100 .175 .270 .420 .586
Ratio of HI./Rv. Thickness of spirotheca
Specimen
1 2 3 4 5 6 2 3 4 51 6
1 — 0.6 0.7 07 0.8 0.9 012 — .014  .030 .032
2 0.6 —_ 0.8 0.7 0.8 — .015  .015 .026

Remarks.—Because of the insufficiency of the material at hand it is impossible to
discuss upon the detailed structure of the shell. From the general appearance of
the shell the present species almost coincides with Staffella mollerana THOMPSON
which was originally described by MOLLER as Fusulinella sphaerica ABICH and
was later redefined by THOMPSON as Staffella mollerana. MOLLER’S specimen is
also very poor, being replaced by the secondary mineralization and oriented not
exactly. The present species may probably be conspecific with S. mollerana
THOMPSON, although further study of this form is need before the final determina-
tion can be made.

Occurrence.—This species was collected only from No. 5 limestone of Section XXIV
(Loc. 549). So far as the present materials are concerned the stratigraphical range
of this species is the Cma, but it is supposed that the range of this species is
more wide.

Subfamily SCHUBERTELLINAE SKINNER, 1931
Genus Eoschubertella THOMPSON, 1937
Eoschubertella obscura (LEE et CHEN)

PL 1, figs. 10-14

1930. Schubertella obscura LEE et CHEN. Mem. Nat. Res. Inst. Geol. China, No. IX, pp. 112,
113, PL. VI, figs. 12-22.
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1941. Foschubertella obscura TORIYAMA. Jour. Geol. Soc. Japan, Vol. 48, No. 579, pp. 566, 567,
Text-figs. 10, 11.

1944. Eoschubertella obscura TORIYAMA. Japan. Jour. Geol. Geogr., Vol. XIX, Nos.1-4, pp. 77,
78, Pl. VI, figs. 18-22.

1957. Eoschubertella obscura 1Go. Sci. Repts. Tokyo Kyoiku Daigaku, Sec. C, Vol. 5, No. 47,
pp. 187, 188, PI. III, figs. 9-11.

The shell of Eoschubertella obscura is very minute. The number of volution is
usually three to three and a half. The shape of the shell is subspherical to short
ellipsoidal. The axial length is usually less than 0.5mm. The width varies from
0.82 to 0.836 mm in the shell having three volutions, and from 0.44 to 0.47 mm in
that of three and a half volutions. The form ratio is ranging from 1.2 to 1.3,
averaging 1.22 for six specimens.

There are two stages in the development of the shell. The first volution is
usually endothyroid, coiling around an axis which makes large angles at that of
the later volutions.

The proloculus is small and spherical. Its outside diameter is ranging from 71
to 77 microns, averaging 75 microns in six specimens. The first two volutions are
rather tightly coiled, and from the third volution the shell expands considerably
rapidly, showing sometimes tendency to evolute. Averages of the radius vector
of the first to third volution for eight specimens are 75, 122, and 190 microns,

respectively.

Table 4. Table of Measurements (in Millimeters) of Hoschubertella obscura (LEE et CHEN)

Radius vector

Specimen  Loc. Rg.No. Pl fig. L. w. R. Prol.
1 2 3 3%

1 312 141 1 10 0.45 0.35 1.3 071 072 .123 .180
2 357 201 1 11 0.40 0.34 1.2 .076 .078 .126 .189
3 362 116 1 12 0.57 0.47 1.2 075 .069 .117 .204 .290
4 433 261 1 13 0.4 0.32 1.2 — .083 .123 .203
5 339 241 0.52 0.4 1.2 — .066 .123 .190 .250
6 533 315 0.39 0.32 1.2 .076 .080 .123 .189
7 362 116 1 14 X 0.37 X 073 .074 123 .197
8 514 269 X 0.32 X 077  .076 .118 .165
Thickn. of spiroth. Ratio of Hl./Rv. Septal count
Specimen
1 2 3 1 2 3 1 2 3
1 - - — 1.0 1.1 1.4
2 — .06 .017 — 1.5 1.4
3 — —  .010 1.3 1.2 1.4
4 .008 .013 .015 0.7 0.9 1.0
5 — .011 .016 — 1.5 1.4
6 — .010 .016 1.0 1.0 1.1
7 .007  .009 .014 — 6? 10?
8 — .010  .012 5? 8? 10?
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The spirotheca consists of a tectum and both tectoria. In the spirotheca of
the first one or two volutions, however, a single dark homogeneous layer has been
only observed. On the other hand, a diaphanotheca-like light layer can be dis-
cernible in some part of the last volution. The thickness of the spirotheca of the
first to third volution for six specimens averages 8, 13, and 14 microns, respectively.

The septa are almost plane throughout the length of the shell. They are thin
and rather widely spaced. The septal counts of the first to third volution are 57,
67-8? and 10?, respectively. The chomata do not present, but in some specimens
they exist, though very much rudimentary in form.

Remarks.—In their original description of Schubertella obscura, LEE and CHEN
diseriminated some variation in the form of shell of this species, in which the
ellipsoidal type is most predominant. The present form is just correspondmg the
case, having small form ratio of less than 1.4.

Occurrence.—Eoschubertella obscura (LEE et CHEN) is common among the Pennsyl-
vanian fusulinids of Akiyoshi limestone group, and collected from No. 2 limestone
of Section VII (Loe. 433), No. b limestone of Section XX (Loc. 339), and Loc. 312,
357, 358, 362, 514, and 533.

FEoschubertella obscura occurs in both the Cma and Cmp zones.

Eoschubertella sp. A
Pl 1, figs. 15, 16

Eoschubertella sp. A is represented by only three specimens, one is axial and
the others are tangential and excentric sections. The shell is ellipsoidal with
bluntly rounded ends and is considerably large for the genus. The first volution
seems to be endothyroid, coiling at large angles to the later volutions. The axial
section attains a length of 0.71 mm and a width of 0.60 mm, with a form ratio of
1.2,

The proloculus is large for the genus, attaining an outside diameter of 104 to
109 microns. The shell expands rather rapidly, except the first volution. Average
radius vector of the first to third volution of three specimens is 84, 141, and 242
microns, respectively. The heights of the chambers are almost uniform from the
center of the shell to the poles in all but the last volution.

The spirotheca is thin and consists of a tectum and upper and lower tectoria.
The lower tectorium usually develops better than the upper one which does not
exist in the last volution. The thickness of the spirotheca is 11 microns in the
second and 16 microns in the third volution.

The septa are not fluted throughout the length of the shell. The spacing of
the septa is unknown due to the absence of the exactly oriented sagittal section.
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Table 5. Table of Measurements (in Millimeters) of Hoschubertella sp. A

Specimen Loc. Rg.No. PL fig. L. Ww. R. Prol.
1 465 211 1 15 0.71 0.59 1.2 .104
2 433 263 1 16 0.64 0.46 1.4 —
3 500 216 X 0.42 X .109
; : Thickness of Tunnel
Specimen Radius vector Ratio of Hl./Rv. spirotheca angle
1 2 3 3% 1 2 3 33 2 3 3
1 .089 .140 .250 .346 1.5 — 1.2 1.2 .011 .016 —
2 .067 .142 .256 1.1 1.3 1.4 —  .012 38
3 .095 .140 .220 011 — —

The chomata present only in the outer volutions. The tunnel angles at the third
volution is 388 degrees. The tunnel side of the chomata is steep, but the poleward
slopes are low and extending more than a half distance to the poles.

Remarks.—Eoschubertella sp. A resembles E. texanae THOMPSON from the Mable
Fall limestone of Texas. They have almost the same shape and size of the shell,
large proloculus and almost the same rate of expansion. However the chomata of
E. texana are a little heavier and more asymmetrical. They may be varieties of
the same species, although more material is need to compare both the forms in
detail. The final determination should be reserved untill more sufficient material
becomes available.

Occurrence.—FEoschubertella sp. A has been collected from No. 2 limestone of Sec-
tion VII (Loc. 433), No. 1 limestone of Section XI (Loec. 500), and Loc. 465.

Judging from the associated species, the stratigraphical range of this species
is supposed to be long, covering both the Cma and Cmpj zones.

Eoschubertella sp. B
pl. 1, figs. 17, 18

One species of FEoschubertella which was obtained from ‘‘Hinoura’, Kyowa,
Shuho-cho has been left unnamed because of the insufficiency of the material.

The shell is fusiform with vaulted median portion and bluntly rounded polar
extremities. The axial section of four volutions has a length of 0.76 mm and a
width of 0.39 mm, attaining a form ratio of about 2.0. The lateral slopes are
almost straight to convex. The shell develops two stages of the growth; the
axis of the first volution is almost perpendicular to that of the later volutions.

The proloculus is spherical and small, having an outside diameter of 50 mic-
rons. The spirotheca of the proloculus seems to be composed of a single dense
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layer. The endothyroid first volution is rather tightly coiled, but from the second
volution the shell expands slightly rapidly. The heights of the chambers are
almost uniform in the inner two volutions, but they are increasing polewardly
in the outer ones. The radius vectors of the first to fourth volution in two
specimens are 40-55, 95, 189-149, and 202 microns, respectively.

The spirotheca is very thin and seems to consist of a tectum and both tectoria.
A diaphanotheca-like clear layer appears inside of the tectum in some part of the
second and last volutions, which may be the secondary deposits on the spirotheca.
The spirotheca changes in thickness only slightly poleward from the tunnel.

The septa are thin, having the same structure as that of the spirotheca. The
septal counts of the first to third volution are 6+, 15 and 17, respectively. The
septa do not flute throughout the length of the shell.

The tunnel is low and narrow in the inner volutions, but broadens in the
outer ones. Its path is more or less irregular. The tunnel angle is 30 degrees in
the last volution of the axial section. The chomata are considerably well devel-
oped, especially in the outer two volutions. The tunnel sides of the chomata are
gteep, while the poleward slopes are gentle and extending more than a half of
distance in the inner volutions, and almost to the poles in the outer ones. The
heights of the chomata are about a half of those of the chambers.

Table 6. Table of Measurements (in Millimeters) of Eoschubertella sp. B

Radius vector

Specimen Loc. Rg.No. Pl fig. L. Ww. R. Prol.
1 2. 3 4

1 478 146 1 17 0.7 0.39 2.0 044 .040 .095 .139 .202

2 478 147 1 18 X 0.34 X .050 .066 .095 .149
Ratio of HIL/Rv. Thickn. of spiroth. ;[;'lm' Septal count
Specimen g.
2 3 4 2 3 4 4 1 2 3
1 1.5 1.9 1.9 008 .011 .012 30
2 6 + 15 17

Remarks.—All the species of Eoschubertella hitherto described have ellipsoidal to
highly inflated fusiform shell which has a small form ratio of less than 1.7. Only
exception is Foschubertella obscura var. (LEE et CHEN) which has a form ratio of
2.0. The present species somewhat resembles LEE and CHEN’s specimen, but their
material and the present one are too insufficient to make detailed comparison. So
far as the shape and size of the shell are concerned this species more or less re-
sembles a specimen of Schuberitella kingi DUNBAR and SKINNER (1937, Pl. 45, fig.
11). However they are different in the spirothecal structure.

Occurrence.—Only locality is Loc, 478, and the stratigraphical range is the Cma.
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Genus Fusiella LEE and CHEN, 1930
Fusiella cf. typica LEE et CHEN
Pl 1, fig. 19

1980, Fusiella typica LEE et CHEN. Mem. Nat. Res. Inst. Geol., No. 9, p. 108, Pl II, fig. 1,
Pl. VI, figs. 1-6.

1937. Fusiella typica LEE. Geol. Soc. China, Bull.,, Vol. XVI, pp. 80, 81, PL II, figs. 7, 8.

1957. Fusiella typica Ico. Sci. Repts. Tokyo Kyoiku Daigaku, Sec. C, Vol. 5, No. 47, pp. 188-
190, P1. III, figs. 12-15, 18,

One questionable specimen of Fusiella has been found associated with Fusu-
lina akiyoshiensis TORIYAMA, n. sp. in the limestone of the east of Narutaki,
Kyowa, Shuho-cho.

The shell is slender fusiform with broadly rounded poles and almost straight
lateral slopes. The axial length and median width are approximately 1.5 mm and
0.5 mm, respectively, with a form ratio of 3.0. The number of volution is b.

" The proloculus seems to be very small. Its outside diameter is less than 50
microns, though it cannot be measured exactly. The first volution is seemingly
coiled at large angles to the later volutions. The second volution is ellipsoidal.
From the third volution the shell increases in length rapidly. The ratios of the
half length to the radius vector of the third to fifth volution are 1.9, 2.2, and
2.4, respectively. The rate of expansion is very slow. The radius vector of the
first to fifth volution are 70, 100, 140, 190, and 310 microns, respectively.

The spirotheca is thin and seems to be composed of a tectum and inner and
outer tectoria. Because of the poor state of the preservation the tectum is hardly
detected in almost all parts of the shell. In the median part of the fourth volu-
tion a diaphanotheca-like clear layer exists, but it cannot be ascertained whether
it is a true diaphanotheca or minute calcite veins intruded after the fossilization.
The thickness of the spirotheca in the third and fourth volutions is 12 microns.

The septa do not flute throughout the length of the shell. The chomata are
very poorly developed only in the third and fourth volutions.

Remarks.—Because of the poor state of the preservation and of insufficiency of
the material at hand the above description is very imcomplete and more material
is necessary before the definite genric and specific determination is done.

This species resembles most closely Fusiella typica LEE et CHEN, the genotype
of the genus, but the present species has a doubtful diaphanotheca-like layer in
the fourth volution. Until more sufficient material is prepared I classify this
species tentatively as Fusiella cf. typica.

Occurrence.—Fusielle cf. typica LEE et CHEN has been collected from Loe. 307,
the stratigraphical horizon of which is the Cmp.
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Subfamily FUSULININAE RHUMBLER, 1895
Genus Profusulinella RAUSER-CERNOUSSOVA and BELJAEV, 1936

Profusulinella beppensis TORIYAMA, n. sp.
PL 2, figs. 1-6

The shell of Profusulinella beppensis TORIYAMA, n. sp. is small and ellipsoidal
to broadly fusiform, possessing a straight axis of coiling, convex lateral slopes, and
broadly rounded poles. The number of volution is usually 5, rarely attaining 6.
Mature specimens of five volutions are 1.4 to 1.7 mm in length and 0.9 to 1.2 mm
in width. The form ratio is 1.4 to 1.6. The first volution is almost spherical,
having an axis of coiling almost perpendicular to that of the later volutions.
Beyond the second volution the shell becomes ellipsoidal in shape. Average ratios
of the half length to the radius vector of the first to fifth volution for five speci-
mens are 1.3, 1.5, 1.5, 1.5, and 1.5, respectively.

The proloculus is small and spherical, rarely ellipsoidal. Its outside diameter
is ranging from 91 to 119 microns, averaging 104 microns for eleven specimens.
The largest diameter of the ellipsoidal proloculus attains 140 microns. The expan-
sion of the shell is rather slow. Averages of the radius vector of the first to
fifth volution of twelve specimens are 98, 164, 253, 374, and 521 microns, respec-
tively., The chambers increase in height only very slightly poleward from the
center of the shell.

The spirotheca is thin and is composed of three layers—a tectum, and outer
and inner tectoria. The outer tectorium is usually thicker than the inner one.
In some part of the last volution a diaphanotheca-like clear layer appears, but it
is more dense than the diaphanotheca of typical Fusulinella. Average thickness
of all three layers of the spirotheca on the center of the tunnel of the second to
fifth volution for nine specimens is 13, 15, 18, and 18 microns, respectively.

The septa are thin and are relatively widely spaced. Averages of the septal
counts in the first to fifth volution for five specimens are 5, 11, 18, 16, and 19,
respectively. The septa do not flute across the central two-thirds to three-fourths
of the shell, but they are very weakly fluted in the extreme polar regions. In
the central part of the shell the septa are thickened by the continuations of the
spirotheca or by the deposits from the chomata.

The tunnel is relatively narrow in the inner volutions and widens gradually
outward. Average tunnel angles of the second to fifth volution for three speci-
mens are 23, 26, 28, and 37 degrees, respectively. The chomata do not develop in
the first one or two volutions. Beyond the second or third volution outward they
usually develop, being not so massive. The heights of the chomata are less than
half to one-third of the height of the chambers in the middle of the shell. The
tunnel side slopes of the chomata are steep, sometimes overhanging, but the
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poleward slopes are very gentle, extending one-third to half way to the poles.

Table 7. Table of Measurements (in Millimeters) of Profusulinella beppensis TORIYAMA, n. sp.

Radius vector Ratio of HL/Rv.
1 2 38 4 5 1 2 8 4 5
1 1.43 0.99 1.4 .104 .100 .172 .261 .370 525 1.1 1.3 1.5 1.6 1.6

Speci- Rg.
e Loc. 35 PL fig. L. W. R. Prol

1* 359 133 2
2 712 289 1.83 1.21 1.5 .110 .101 .153 .224 .360 .520 1.5 1.5 1.4 15 1.7
3 859 134 2 2 x 096 x .119 .109 .188 .298 .417 .548
4 359 133 2 4 x 097 x .105 .100 .178 .278 .410 .550
5 39 131 2 5 x 091 x .091 .091 .150 .240 .370 .520
6 859 181 2 6 x 083 x .091 .092 .142 .221 .321 .455
Max. .119 .109 .188 .298 .417 .590 1.5 1.6 1.7 1.6 1.7
Min. 091 .001 .142 .221 .821 455 1.1 1.3 1.4 1.3 1.4
104 .098 .164 .253 .374 521 13 15 1.5 1.5 15
Aver.** { 11 10 12 12 12 11 3 4 b5 b6 4
Speci- Thickness of spirotheca - Tunnel angle Septal count
men 0o 1 2 3 4 5 2 8 4 5 1 2 3 4 5
1*  .014 — .013 .04 .018 .023 — 2 33 37
2 — - —  — .04 .018 _ - = —
3 —  —  —  .014 .019 .018 - - = =
4 —  — .012 .014 .018 .014 47 11 14 20
5 — —  —  — .04 .019 5 11 14 17
6 — —  .013 .013 .014 .016 6 11 18 14 21
Max. .014 — — .018 .020 .023 24 26 33 6 12 15 2 21
Min. .010 — — .013 .014 .014 21 25 24 47 10 11 18 16
Aver {.012 — .013 .015 .018 .018 23 2 28 87 5 11 13 16 19
2 — 38 6 9 1 2 38 38 1 5 6 b5 5 3

* Holotype specimen.
** Numbers in the lower column of Averages in the Tables 7-956 indicate the number of the

specimens used.

Remarks.—The short ellipsoidal shape of the shell, almost unfluted septa, and the
endothyroid juvenarium of this species suggest some relationship with some species
of Eoschubertella such as E. magna LEE et CHEN. However it is beyond doubt
that the species under consideration is referable to the genus Profusulinella,
having relatively large size of the shell, numerous number of volution, relatively
well developed chomata, and a diaphanotheca-like layer of the spirotheca in the
last volution.

Among the species of Profusulinella, P. fukujiensis Ico which was very recently
described from the Ichinotani formation of central Japan is most closely allied to
the present species, but the latter has larger proloculus, more rapid rate of expan-
sion and thinner spirotheca. These differences are, however, not so remarkable,
and these two species are biologically very closely related, if not conspecific, with
each other, being nearly the same in phylogenetical developement. P. copiosa
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described by THOMPSON (1948) from the Green Canyon group of Powwow Canyon,
Texas somewhat closely resembles the present species. These two forms can be
distinguished, however, that P. beppensis n. sp. has larger size of the shell at
maturity, more rounded poles, more numerous number of the volution, smaller
proloculus in average, slower rate of expansion, and less numerous septa for the
corresponding volutions.

Profusulinella parva (LEE et CHEN) and its variety P. parva var. convoluta
(LEE et CHEN), both from the Huanglung limestone of China also resembles this
new species, but the latter has larger size of the shell at maturity, larger prolo-
culus and more rapid rate of expansion of the shell.

Occurrence.—Profusulinella beppensis TORIYAMA, n. sp, is rather common in the
Cma zone and has been collected from No. 1 limestone of Section IV (Loe. 712)
and Loc. 859 and 535.

Profusulinella rhomboides (LEE et CHEN)
Pl 2, figs. 18, 19

1930. Neofusulinella rhomboides LEE et CHEN. Mem. Nat. Res. Inst. Geol.,, No. IX, pp. 119-
121, Pl. VIII, figs. 8-6.

1984. Fusulinella rhomboides CHEN. Mem. Nat. Res. Inst. Geol., Vol. XIV, pp. 85, 86, Pl. VI,
figs. 14, 15. '

This species is represented by only each one of axial and sagittal sections.
The shell is small and rhombic in shape, having much vaulted median portion and
bluntly pointed poles. The lateral slopes are almost straight to slightly convex.
The axial section of seven volutions has a length of about 2 mm and a width of
1.456 mm, giving a form ratio of 1.4, The first volution is almost spherical. Be-
yond the second volution the shell retains a rhombic shape.

The proloculus is small, having an outside diameter of 112 microns. The first
three volutions are considerably tightly coiling, but the rate of expansion becomes
gradually rapid in the outer volutions. The radius vectors of the first to seventh
volution in the axial section measure 89, 180, 189, 280, 378, 530+, and 730+ mic-
rons, respectively. The heights of the chambers are almost uniform .in the inner
volutions and increase poleward slightly in the outer ones.

The spirotheca is thin, consisting of a tectum, a diaphanotheca and outer
tectorium. The diaphanotheca appears first in the second volution and is clearly
observable throughout the outer volutions, except in the polar regions where it
becomes obscure. The combined thickness of the tectum and the diaphanotheca
of the first to sixth volution measured at the center of the shell are 7.5, 9.8, 10,
13, and 15 microns, respectively.
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Table 8. Table of Measurements (in Millimeters) of Profusulinello, rhomboides (LEE et CHEN)

Radius vector

Specimen Loc. X&' PL fig. L. W. R. Prol
: 1 2 3 4 5 6 7

1 712 287 2 18 1.97 1.45 1.4 .112 .089 .130 .189 .280 .378 .53+ .73+
2 712 288 2 19 x 0.85 x 13ox .087 .154 .221 .302 .406

Ratio of HL/Rv. Thickness of spirotheca
Specimen
1 2 3 4 5 6 7 1 2 3 3 4 5
1 1.2 15 15 14 15 14 138 .008 .010 .010 .010 .018 .015
2 —  .010 .013 .017 .014
Tunnel angle Septal count
Specimen
‘ 4 5 6 1 2 3 4
1 19 257 23
2 8+ 12+ 15+ 19

The septa are almost unfluted throughout the length of the shell. Because of
the absence of the well oriented sagittal section, the spacing and the number of
the septa are not known exactly, but so far as the sagittal section at hand (more
or less diagonal) is concerned it seems that the septal count is not so large,
counting 8+, 12+, 15+, and 19 in the inner four volutions, respectively.

The tunnel is low and narrow in the inner volutions, but widens gradually in
the outer volutions, and its path is almost straight. The chomata do not present
in the inner two volutions, but rather well developed in the outer ones. The
tunnel sides of the chomata are very steep, but the poleward slopes are very
gentle, extending polewardly one-fourth to one-third of the distance to the poles.

Remarks.—In their original description LEE and CHEN discriminated three types
in this species—the large rhombic, smaller rhombic and elongate types. Of which
the first is said to be most predominant. Although the present material at hand
is very poor, the characters of the shell and the statistics show that the present
form almost coincides with the larger rhombic type. LEE and CHEN did not give
any description on the structure of the spirotheca of ‘Neofusulinella rhomboi-
des””. Judging from their illustrations, however, their specimens seemingly have
not diaphanotheca at any stage of the growth, while in the present specimens,
though not sufficient in number, it is clearly observable except in the first and
last volutions.

SKINNER and WILDE (1954) recently described and illustrated specimens of a
new form of Profusulinella, P. plummeri from the Big Saline formation of Texas.
The spirotheca of that form is also composed of outer tectorium, tectum and
diaphanotheca in all except the ultimate whorl. Such being the case, both the
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present species and P. plummeri may probably be intermediate between Profusu-
linella and Fusulinella at least in the spirothecal structure.

Because the materials at my disposal are not enough, further study will be
necessary for the definite specific determination.

Occurrence.—Profusulinella rhomboides (LEE et CHEN) is very rare in the Akiyoshi
limestone group and has been collected only from No. 1 limestone of Section IV
(Loe. 712). The stratigraphical horizon of this species is the Cma zone.

Profusulinella sp. A
PlL 1, figs. 20, 21

This species is represented by only one axial (not exactly oriented) and one
tangential sections. The shell is small and ellipsoidal in shape. The axial section
of five volutions has a length of about 1.2 mm and a width of 0.8 mm, with a
form ratio of 1.5. It seems that the first one and a half volutions are endothyroid,
having an axis of coiling at large angles to that of the later volutions. Beyond
the third volution the shell increases in length almost uniformly, displaying ellip-
tical shape in axial profile. The lateral slopes are convex throughout the growth
of the shell. The ratios of the half length to the radius vector of the first to fifth
volution are 0.8, 0.8, 1.1, 1.3, and 1.4, respectively.

The proloculus is minute, with an outside diameter of 76 miecrons. The shell
expands slowly and almost uniformly. The radius vector of the first to fifth
volution of the axial section is 85, 132, 195, 302, and 435 microns, respectively.
The heights of the chambers are almost uniform from the center of the shell to
the poles.

The spirotheca is typical for the genus. The thickness of the spirotheca of
the second to fifth volution measured at the center of the shell of the axial
section is 12, 14, 15, and 16 microns, respectively.

The septa are almost unfluted throughout the length of the shell. The septal

Table 9. Table of Measurements (in Millimeters) of Profusulinella sp. A

Radius vector

Specimen  Loc. Rg.No. Pl fig. L. W. R. Prol
. 1 2 3 4 b

1 352 183 1 20 1.16 0.8 1.5 .076 .085 .132 .195 .302 .435
2 352 182 1 21  0.95 0.84 1.4 — .085 .129 .217 .335
Ratio of HI/Rv. Thickness of spirotheca Tunnel angle
Specimen
1 2 3 4 5 2 3 4 ’5 3 4 5
1 0.8 0.8 1.1 1.3 1.4 .012 .014 .015 .0l6 31 82 43

2 1.2 1.5 14 1.5 011 .012 .017 ‘ 30 32
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count is unknown. The tunnel is low and broad, being one-third to half as high
as the chamber. The tunnel angles of the third to fifth volutions are 30-31, 32,
and 43 degrees, respectively. The chomata are well developed except in the early
endothyroid stage. The tunnel sides of the chomata are rather steep, but the
poleward slopes are very gentle, extending almost to the poles in the inner volu-
tions.

Remarks.—So far as the shape and the form ratio of the shell and the rate of
expansion are concerned this species most closely resembles Profusulinella mar-
blensis THoMPSON which was collected from the Marble Fall limestone of Llano,
Texas. Judging from the original illustration of THoMPSON, the holotype specimen
of P. marblensis seems to have been recrystallized after the fossilization and the
minute structure of its inner part is somewhat obscure. The present species may
be different from P. marblensis in having heavier chomata and the early endo-
thyroid juvenarium. However, more material is necessary before the definite
comparison can be made.

Occurrence.—This form is very rare in No. 4 limestone of section II (Loc. 352) at
Shishidedai, where it is associated with Akiyoshiella ozawai TORIYAMA and A. sp.
The stratigraphical horizon of this species is the Cma.

Genus Fusulinella MOLLER, 1877
Fusulinella simplicata TORIYAMA, n. sp.
Pl 2, figs. 7-17

Fusulinella simplicata TORIYAMA, n. sp. is small and typical fusiform, having
almost straight axis of coiling and bluntly pointed poles. The number of volution
is usually 4 or 5, rarely attaining 6. The holotype specimen of five volutions has
a length of 29 mm and a width of 1.4 mm. The form ratio is ranging from 1.7
to 2.6. In most specimens the first volution is almost spherical, the second one is
nearly ellipsoidal, and the outer volutions are fusiform. The ratios of the half
length to the radius vector of the first to fifth volution for fourteen specimens
average 1.8, 1.9, 2.0, 2.0, and 2.1, respectively. The lateral slopes are convex in
the inner three or four volutions, but tend to become almost straight to concave
in the outer volutions, especially near to the polar regions.

The proloculus is small and spherical, and its outside diameter is ranging from
95 to 183 microns, averaging 124 microns in fourty-five specimens. The spirotheca
of the proloculus is composed of a single homogeneous layer, having an average
thickness of 14 microns. The shell coils tightly in the first two volutions. From
the third volution onward the shell expands more or less rapidly and uniformly.
Average radius vectors of the first to sixth volution for forty-five specimens are
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Table 10. Table of Measurements (in Millimeters) of Fusulinella simplicata TORIYAMA, n. sp.

Radius vector

Specimen Loc. %% Pl fig. L. W. R. Prol
: 1 2 3 4 5 6
1* 235 260 2 7 290 143 20 .144 .109 .180 .306 .501 .756
2 235 255 2 8. 288 120 24 .17 .130 .219 .320 .500 .741
3 B77 278 2 9 231 09 24 .107 .123 .189 .312 .510
4 3856 331 2 10 230 120 19 .114 .128 .208 .312 473 .638
5 433 267 2 11 23+ 126 18 .181 .111 .190 .330 .63?
6 433 261 2 12 29+ 112 26 .108 .095 .151 .236 .392 .614
7 235 257 2 13 24 148 1.7 .120 .101 .18 .310 .518 .808
8 571 219 2 14 x 1.09 x 141 109 .180 .265 .387 .567
9 514 271 2 15 «x 142 x 130 .11 .210 .330 .481 .742
10 235 253 2 16 x 126 x .20 .100 .172 .281 .422 .681
1 235 254 2 17T x 193 x 1290 118 .195 .292 491 .784 1.054
Max 183 167 .257 407 .637 .808 1.054
Min. .095 .081 .142 214 .330 .523 .674
Aver. J24 110 184 288 458 674 .850
45 45 45 45 43 32 8
Ratio of Hl./Rv. Thickness of spirotheca
Specimen -
1 2 3 4 5 0 1 2 3 4 3 6
1* 17 18 14 15 19 016 — 014 .016 .018 .018
2 — 14 18 20 23 014 — — 012 014 .023
3 1.1 1.9 2.1 2.2 012 .010 .013 .015
4 1.7 19 19 20 19 — — — .018 .018 .027
53 1.6 1.8 1.9 1.8 — — — — — —
6 17 22 25 25 25 — — — —  .015 .020
7 2.2 2.1 24 2.4 1.8 — — — 019  .024
8 015 .008 .008 .016 .020 .025?
9 .014 .010 .012 .018 .020 .020 .024
10 014 012 .014 .014 .019 .018
11 013 .010 .013 .015 .018 .021 .020
Max. 22 22 25 25 25 018 .014 .015 .020 .024 .027 .024
Min. 11 14 14 15 18 010 008 .008 .012 .0183 .014 .020
Aver. 1.8 19 20 20 21 014 .011 .013  .016 .018 .021 .022
12 13 14 11 5 17 17 21 31 29 23 2
Tunnel angle Septal count
Specimen
2 3 4 b 1 2 3 4 5
1* — 23 26 30
2 — 23 28 31
3 - =
4 — 23 26 30
5 —_ = =
6 20 29 29 37
7 38 33 447
8 9? 12 14 15 16
9 7 18 1B 16 18
10 6 9 1B 14 15
11 8 13 14 16 16
Max. 38 34 4 53 9 15 16 19 21
Min. 19 23 26 30 6 9 11 14 15
Aver. { 24 28 30 42 7 12 14 16 17
7 12 14 6 18 18 17 16 9 * Holotype specimen
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110, 184, 288, 458, 674, and 850 microns, respectively. The chambers are lowest in
height immediately above the tunnel, and they increase in height slowly poleward
from the tunnel.

The spirotheca is composed of tectum, diaphanotheca, and upper and lower
tectoria. The diaphanotheca appears first near the beginning of the second volu-
tion and can be seen throughout the length of the shell in the outer volutions.
The combined thickness of the tectum and the diaphanotheca of the first to sixth
volution for thirty-one specimens averages 11, 18, 16, 18, 21, and 22 microns,
respectively. - The tectoria decrease in thickness poleward from the edge of the
chomata.

The septa are thin and are relatively widely spaced. Average septal counts
of the first to fifth volution for eighteen specimens are 7, 12, 14, 16 and 17,
respectively. The septa are plane across about the central half to two-thirds of
the shell, but they are weakly fluted in the extreme polar regions. In the central
part of the shell the septa are covered by the continuation of the tectoria of the
spirotheca or by deposits from the chomata.

The tunnel is narrow in the inner one or two volutions, but it widens in the
outer volutions. Averages of the tunnel angles of the second to fifth volution for
fourteen specimens are 24, 28, 30, and 42 degrees, respectively. The chomata are
well developed, except in the last volution where they are sometimes very weak
or not developed. Their heights are less than a half of the chambers in the center
of the shell. The tunnel sides of the chomata are usually steep, sometimes over-
hanging, but the poleward slopes are very gentle, extending considerable distance
to the poles, especially in the outer volutions.

Remarks.—Fusulinella simplicata TORIYAMA, n. sp. is one of the most primitive
fusulinellid species among the Akiyoshi fusulinids. In general shape and characters
of the shell it seems to be referable to the genus Profusulinella rather than to
the genus Fusulinella. However, the spirotheca of this species has clear dia-
phanotheca throughout the length of the shell except in the first volution, and
there is no doubt about the generic identification of this species, being representing
the most primitive stage of the phylogenetic development in the genus Fusuli-
nella.

Fusulinella simplicata n. sp. somewhat closely resembles F'. llanoensis (THOM-
As) which was collected from the Big Saline limestone of Llano, Texas. [Topotype
specimens has been illustrated by THoMPsON (1948)]. However the latter species
is slightly larger in the form ratio, having more acutely pointed poles and heavier
chomata, and seems to have a little stronger septal flutings in the axial regions,
though the difference in strength is very slight. The rate of expansion of F.
llanoensis is more rapid than in the species under consideration, although that of
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the topotype specimen illustrated by THOMPSON (1948, Pl. 26, fig. 18) is almost the
same as in the present species. The septal count for the corresponding volution
is a little more numerous in F. llanoensis. In general Fusulinella simplicata n.
sp. seems to be phylogenetically more primitive than F. llanoensis.

THOMPSON, PITRAT and SANDERSON (1953) described Fusulinella jamesensis
from the Cache Creek limestone of Ft. St. James in Central British Columbia.
Although the joint authors stated that F. jamesensts is comprising three different
groups, and that it is possible, but not probable, that these three groups represent
the same species, it seems better to distinguish them as different species. Be-
cause the holotype specimen (Pl. 57, fig. 8) is included in their second group, the
specimens belonging to that group (Pl. 57, figs. 8-15 and 21-28) are only considered
as F. jamesensis for comparison. Such being the case, Fusulinella simplicata
rather closely resembles F'. jamesensis in many respects. However, F. simplicata
has slightly larger proloculus and higher height of the chambers and thinner
spirotheca for the corresponding volution than those of F. jamesensis. It should
also be noted that F. jamesensis has very recently been reported by Ico (1957)
from the middle part of the Fusulinella zone of the Ichinotani formation in cen-
tral Japan. The Ichinotani form is also distinguished from the present species by
its smaller proloculus, and lower height of chambers and less numerous septa for
the corresponding volution. In short, F. simplicata and F. jamesensis are bio-
logically closely related with each other, and they seemingly are of nearly the
same stage in the phylogenetical development. Stratigraphically speaking, how-
ever, the Canadian form of F. jamesensis was reported to occur with Akiyoshiella
toriyamai T. P. & S., while A. ozawai, which is similar to the latter in many
respects, occurs in the Cma zone with Profusulinella beppensis ToriYAMA. More-
over, Fusulinella simplicata is one of the characteristic to the lower part of the
CmpB zone and F'. jamesensis of Ichinotani occurs in the middle part of the zone
of Fusulinella. Therefore, the stratigraphical position of F. simplicata n. sp.
and the Japanese form of F. jamesensis is a little higher than that of .the
Canadian form of F. jamesensis.

Occurrence.—Fusulinella simplicata TORIYAMA, n. sp. is common in the lower part
of the CmpB zone, and occurs in No. 2 limestone of Section VII (Loe. 433), No.
2 limestone of Section XVII (Loc. 804), and Loec. 235, 577, and 514.

Fusulinella cf. bocki MOLLER
Pl 2, figs. 20-22: Pl 8, figs. 1, 2

1878. Fusulinella bocki MOSLLER. Mem. Acad. Imp. Sei., St. Pétersb., VIle, gér., tome XXV,
pp. 104-107, P1. V, figs. 8a-g, Pl. XIV, figs. 1-4.

1925. Fusulinella bocki OzawA. Jour. Coll. Sei. Imp. Univ. Tokyo, Vol. XLV, Art. 6, pp. 17,
18, Pl III, figs. 7, 9, 10.
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1927. Neofusulinella bocki LEE, Palaeontologia Sinicé, Ser. B, Vol. IV, fasc. 1, pp. 16-18, Pl
1, fig. 2; PL II, figs. 12-17.

1930. Neofusulinella bocki LEE, CHEN and CHU. Mem. Nat. Res. Inst. Geol.,, No. IX, pp. 121,
122, P1. VIII, figs. 8-15; Pl IX, figs. 1-9.

1934. Fusulinella bocki CHEN. Mem. Nat. Res. Inst. Geol., No. XIV, pp. 36, 87, Pl. VI, figs.

1936. ;?u:z?l-ineua bocki HuzimoTo. Sci. Rep. Tokyo Bunrika Daigaku, See. C, Vol. 1, No. 2,
pp. 42, 48, PL 1II, figs. 16, 17, 19.

1944. Fusulinella bocki TORIYAMA. Japan. Jour. Geol. Geogr., Vol. XIX, Nos. 1-4, pp. 70-72,
Pl. VI, figs. 3-8.

1945. Fusulinella bocki THOMPSON. Amer. Jour. Sci., Vol. 243, pp. 447-450, Pl 1, fig. 1b.

The shell is small fusiform with bluntly pointed poles and steep convex lateral
slopes. The axis of coiling is straight. Mature specimens have usually 5 to 6
volutions, attaining a length of approximately 3.2 mm and a diameter of 1.8 mm.
Averages of the ratios of the half length to the radius vector of the first to sixth
volution for eight specimens are 1.4, 1.6, 1.8, 2.0, 1.9, and 1.9, respectively.

The proloculus is small and spherical and its outside diameter is ranging from
120 to 187 microns, averaging 147 microns for thirteen specimens. The first volu-
tion is spherical to subspherical, the second volution is subspherical to ellipsoidal,
and beyond the third volution outward the shell retains ellipsoidal shape. The
rate of expansion is considerably slow in the first two volutions, but a little rapid
in the later three or four volutions. Averages of the radius vector of the first
to seventh volution for fifteen specimens are 129, 207, 308, 440, 628, 856, and 1,035
microns, respectively. As the heights of the chamber are almost uniform pole-
ward from the center of the shell, the ratios of the half length to the radius
vector change but little during the growth of the shell.

The spirotheca is typical for the genus. The diaphanotheca seems to be
appeared near the end of the first volution. It is clearly discernible in the outer
volutions. Both outer and inner tectoria are well developed throughout the length
of the shell except the last volution where the outer tectorium usually does not
present. Averages of the combined thickness of the tectum and the diaphanotheca
of the second to sixth volution for fourteen specimens are 12, 15, 16, 18, 23, and
26 microns, respectively.

The septa only weakly flute in the polar regions and do not flute in the
central portion of the shell. The spacing of the septa is not so broad. Averages
of the septal counts of the first to sixth volution for three specimens are 8, 14,
16, 20, 24, and 27, respectively.

The tunnel is narrow in the inner two or three volutions, but widens gradually.
Averages of the tunnel angle of the third to sixth volution for five specimens are
17, 18, 20, and 21 degrees, respectively. The chomata are well developed from the
first volution. The tunnel sides of the chomata are very steep, sometimes almost
perpendicular, but the poleward slopes are very gentle, extending more than two-
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Table 11. Table of Measurements (in Millimeters) of Fusulinella cf. bocki MOGLLER

Radius vector
Specimen Loc. R& Pl fig. L. W. R. Prol

1 2 3 4 5 6 7

1 387 2983 2 20 196 1.22 1.6 .145 .112 .191 .280 .414 .592
2 37 201 2 21 3.0+ 1.8+ 1.7 .179 .148 .219 .830 .438 .660
3 357 293 2 23 x 187 x .147 .130 .218 .311 .458 .660 .900
4 37 204 8 1 x 17 x 186 .136 .212 .342 510 .700 .926
5 804 3% 3 2 x 192 x Cifex .132 .200 .340 .534 .813 .998
Max. .187 .148 .228 .342 .534 .813 .998
Min. 120 104 .161 .224 .353 .500 .742
Aver. J47 129 207 .308 440 .628 .856 1.035
13 12 18 15 15 16 10 4
Ratio of HL./Rv. Thickness of spirotheca
Specimen
1 2 3 4 5 6 0 1 2 3 4 5 6 7
1 1.7 16 20 19 17 —  — .012 .015 .017 .018
2 13 17 21 23 21 —  —  — .020 .020
3 — — 009 .016 .016 .017 .023
4 018 — .012 .014 .019 .018 .023
5 —_ -  — .018 .019 .023
Max. 17 17 21 23 21 20 —  — .014 .020 .020 .023 .033 .028
Min. 12 15 15 17 17 16 — — 009 .012 .012 .014 .019 .024
Aver 14 16 18 20 19 1.9 018 — 012 .015 .016 .018 .023 .026
: 4 5 7 8 8 5 1 — 4 11 14 12 8 2
Tunnel angle Septal count
Specimen
3 4 5 6 1 2 3 4 5 6
1 — — 26 31
2 18 23 24
3 8 12 15 24 24 25?7
4 8 16 16 18 — —
5 7 13 15 19 24 28
Max. 19 23 26 31 8 16 18 24 24 28
Min. 15 14 14 17 7 12 15 18 24 25
Aver { 17 18 20 21 8 14 6 20 24 27
: 4 4 5 4 3 3 3 3 2 2

thirds of the distance to the poles in the inner volutions and almost half in the
outer ones. The heights of the chomata are more than two-thirds to half of the
heights of the chambers.

Remarks.—Fusulinella bocki MOLLER, the genotype of the genus Fusulinella, is
one of the most well known species among the species of the Tethysian fusulinel-
lids. Many of it had been reported from China and Japan. However, due to the
incompleteness of the MOLLER’s original description and illustration, some forms
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of fusulinellids of large and vaulted shell, which would otherwise be identified to
different species, have erroneously been referred to the species under considera-
tion. In 1954, THOMPSON redescribed and illustrated the topotype specimens from
Kresty, Government of Tver, Russia, which are well coincident with the original
illustration of MOLLER. There is no doubt that the axial section illustrated by
THOMPSON is typical in any respect for the species.

0OzAawA also decsribed Fusulinella bocki from the Akiyoshi limestone. To my
regret I-have not been able to find his specimens in his collection. So far as his
microphotographs are concerned, it seems that his specimen illustrated as Pl. III,
fig. 10 may not be referable at least to this species, which has vaulted fusiform,
a form ratio of more than 2.0, concave lateral slopes and not so heavy chomata.
LEE (1927) also described ‘‘Fusulinella bocki’’ from Kalgan, Inner Mongolia and
Penchihu, South Manchuria, but some of them are not conspecific with the species

Table 12. Table showing the differences between Fusulinella bocki, F'. biconica and F. toi.

Outside
Number 7
Species of Length Width fggg Poles Lateral slopes dlar:fter
volution Prolocalus

Topotype? 6 2.2 1.35 1.7 b corivex except 112
. 5-6 . . roadly polar regions R
F. bocki {Ran.ge” 7-8) 1.8-3.8 0.8-2.0 1.6—2.1} rounded where they are 70-150
AXkiyoshi® 68 3.2 2.1 1.9 slightly concave { 146

OzZAWA’s sp.#¥ 6% 3.4 2.2 1.5 . 180
F. biconica {Range 68 2.94.5 1.83.0 1.5-1.7} broadly = (exclusively) 80—200}
Akiyoshi 6-8 3.2 2.2 1.5 146
Holotype 8 3.6 1.9 1.9 straight to 70
F. itor { } bhl-l_:llzle% concave (except { }
Akiyoshi 6-7 3.4 1.8 2.1 J PO inner volutions) 99
: H. of chomata Distance of poleward
Early 5’:‘3;2: %g%tﬂ H. of chamber > extension of chomata
Species . at the  at the the center from the center
volutions gy vol.  5th vol. Inner vol, Outer vol. Inner vol, Outer vol.
Topotype 0.68
. 12 23 2 12
F. bocki {Ral.lge ' 0.32-0.70 16-24 273 31 3—1 23
Akiyoshi 0.63 24
OzZAWA’s sp. some- 0.64 24 -
L times 12 11 2 1
F. biconica {Range endo- 0.50-0.72 21-34 2 3 372 3—1 2
Akiyoshi thyroid  0.67
. Holotype 0.45 21 12 1
F. 40t | akiyoshi 0.47 23 273 2 1 1

1) Topotype specimen described and illustrated by THOMPSON.

2) Range of species are measured from all the specimens which have been hitherto described
by many authors.

3) In Akiyoshi specimens most of the statistic values are average.

4) As the HAYASAKA’s original description is not sufficient and he did not designate the
holotype, OZAWA’s specimen (section number, II-98), which seems to be most typical for
the species, has been preferred.
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under consideration.

As LEE (1927, p. 18) discussed already, Fusulinella bocki resembles F'. biconica
(HAYASAKA) in many respects. Moreover Fusulinella itoi OzZAwA which will be
described below somewhat resembles either Fusulinella biconica or F'. bocki. So
far as the rate of expansion is concerned Fusulinella subspherica n. sp., which
will also be described below, cannot be distinguished from F. bocki or F. biconica.
So closely these species are related one another it seems to need to discuss the
differences between them in some detail.

Generally speaking these species have considerably large size of the shell, the
same spirothecal structure which are typical for the genus, well developed heavy
chomata and the similar rate of expansion. Therefore it is almost impossible to
distinguish them only by sagittal section. For convinience’s sake, I summarize
the detailed differences between them in the table inserted in the facing page.

The specimens here referred to Fusulinella cf. bocki MOLLER have not typical
characters as indicated in the table inserted above. As Fusulinella bocki and F.
biconica are closely intimated each other it is supposed that there are many inter-
mediate forms between the typical forms of them. The present form may be in
such the case. The present form has not so heavy chomata as seen in the topotype
specimen illustrated by THOMPSON. So far as the development of the chomata is
concerned it resembles rather closely F. biconica from which the present form
can be distinguished by the larger form ratio and a slightly smaller size of the
shell. As I have not been free from some doubt about the specific determination
it seems better to identify the present form tentatively as F. ef. bock: until more
sufficient materials become available.

Occurrence.—Fusulinella cf. bocki MOLLER has been collected from Mo. 2 limestone
of Section II (Loc. 854), No. 5 limestone of Section VIII (Loc. 325), No. 1 limestone
of Section XI (Loe. 500), No. 2 limestone of Section XVII (Loe. 304), and Loc. 306,
357, and 361.

Judging from the associated species Fusullinella cf. bocki seems to have a
range covering the Cmp zone and probably the upper part of the Cma zone.

Fusulinella cf. pseudobocki (LEE et CHEN)
Pl 8, figs. 3, 4

1930. Neofusulinells pseudobocki LEE et CHEN. Mem. Nat. Res. Inst. Geol., No. IX, pp. 122,
128, Pl. IX, figs. 10-14, PL X, figs. 1-7.

1947. Fusulinella cf. pseudobocki TORIYAMA. Japan. Jour. Geol. Geogr., Vol. XX, Nos. 2-4,
pp. 34, 35, PL IX, fig. 1.

1957. Fusulinella pseudobocki 1Go. Sci. Repts. Tokyo Kyoiku Daigaku, Sec. C, Vol. 5, No. 47,
pp. 207-209, Pl. VIII, figs. 1-12.

Only three specimens of Fusulinella cf. pseudobocki have been found. The
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shell is fusiform and is rather large for this genus. The central portion of the
shell is somewhat vaulted and both the poles are bluntly pointed. The axial
section has a length of about 3.2 mm and a width of 1.6 mm with a form ratio
of 2.0. The shell is ellipsoidal in the first two volutions and is inflated fusiform
in the following outer volutions. The ratios of the half length to the radius
vector of the first to sixth volution in the specimen 1 are 1.4, 1.7, 1.8, 2.0, 2.0, and
2.1, respectively.

The proloculus is small, having an outside diameter of 92 microns. The rate
of expansion is slow in the first volution, but a little rapid and almost uniform
in the outer ones. The radius vectors of the first to sixth volution of the said
specimen are 113, 175, 269, 406, 576, and 794 microns, respectively. The chambers
increase in height polewardly in the outer volutions.

The spirotheca is thin and composed of four layers. The diaphanotheca is not
discernible in the first volution, but it is considerably thick and very clear in the
outer volutions, except in the last volution where it is not developed again. The
combined thickness of the tectum and the diaphanotheca of the third to sixth
volution is 15, 17 to 19, 20 to 23, and 24 microns, respectively.

The septa are almost plane in the middle portion of the shell, but are a little
strongly fluted in both the polar regions, forming small septal loops. Other char-
acters of the septa are unknown due to the absence of the sagittal section.

The tunnel is low and narrow in the inner volutions, but widens slightly in
the outer ones. The tunnel angles of the third to sixth volution are 19, 22, 22,
and 24 degrees, respectively. The chomata are well developed from the first
volution. The tunnel side slopes are very steep, vertical, or sometimes overhang-
ing, but the poleward slopes are very gentle, extending whole distance to the
poles in the inner volutions. They are about half as high as the chambers.

Table 13. Table of Measurements (in Millimeters) of Fusulinella cf. pseudobocki
(LEE et CHEN)

Radius vector
Specimen Loe. Rg.No. Pl. fig. L. W. R. Prol

1 2 3 4 b 6
1 189 145 3 4 8.2+ 1.59 2.0 .092 .113 .1756 .269 .406 .576 .794

2 376 296 3 3 3.1+ 1.49 2.1 — — 180 .270 .444 .623 .775
3 357 292 3.06 145 2.1 — — .238 .345 .440 .660 .858
. Ratio of HIL./Rv. Thickness of spirotheca Tunnel angle
Specimen
1 2 3 4 5 6 3 4 5 6 3 4 5 6
1 1.4 1.7 1.8 2.0 20 2.1 .015 .017 .020
2 — — — 1.6 20 .019 .023 .024 197 22 22 24

o«

- - — 21 19 20 — — — —_ 13 14 23
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Remarks.—Although there is no sagittal section in the material at hand, the
present form is most closely intimated to Fusulinella pseudobocki (LEE et CHEN)
and may be conspecific with the latter. In their original description and illustra-
tion LEE and CHEN did not designate the holotype, and it seems that there are
some variations within the species. The present form most closely resembles fig.
12 of Pl. IX which is considered to be most typical in this species. Until more
sufficient material becomes available I classify the present form tentatively as F'.
cf. pseudobocki LEE et CHEN.

Occurrence.—Fusulinella cf. pseudobockt is very rare and is known only from No.
8 limestone of Section XIX (Loe. 376), No. 6 limestone of Section XV (Loc. 776),
and Loc. 187 and 357.

The stratigraphical range of this species is supposed to be from the upper
part of the Cma to Cmp zones.

Fusulinella biconica (HAYASAKA)
Pl 8, figs. 5-10: Pl 4, figs. 1, 2
1924. Neofusulinella biconica HAYASAKA. Sci. Repts. Tohoku Imp. Univ., Second Ser., Vol. III,
No. 1, pp. 18, 14, PL II, figs. 4-7.
1927. Fusulinella bicomica OzZAWA. Jour. Coll. Sei. Imp. Univ. Tokyo, Vol. XLV, Art. 6, p.
19, Pl. III, figs. 2-4.
1936. Fusulinella biconica Huzmmoro. Sci. Repts. Tokyo Bunrika Daigaku, Sec. C, Vol. 1, No.
2, Pl II, figs. 15-18.
1945. Fusulinella cf. biconica TORIYAMA. Japan. Jour. Geol. Geogr., Vol. XX, No. 1, pp. 5-7,
Pl I, figs. 10-18.

Fusulinella biconica (HAYASAKA) is the most abundant species among the Aki-
yoshi fusulinellids. This species was originally described by HAYASAKA from the
Omi limestone, Central Japan. The following description is, however, based en-
tirely upon the Akiyoshi specimens, because HAYASAKA’s original description and
illustrations are not sufficient for the detailed comparison.

The shell of Fusullinella biconica is one of the largest shell among the genus
Fusulinella. The shell is biconical in form, having straight axis of coiling,
rounded poles and convex to almost straight lateral slopes. The number of volu-
tion is b to 8. Mature specimens having seven or eight volutions are 1.8 to 2.9 mm
wide and 2.9 to 3.6 mm long. The form ratio is 1.3 to 1.7, averaging 1.5 for
twenty-one specimens. Averages of the half length to the radius vector of the
first to seventh volution of twenty-six specimens are 1.4, 1.6, 1.7, 1.7, 1.7, 1.6, and
1.6, respectively.

The proloculus is spherical and large for this genus, having thick wall of 17.6
mirons in average which is almost as thick as that of the third or fourth volution.
The outside diameter of the proloculus is ranging from 80 to 198 microns, averag-
ing 146 microns for forty-nine specimens. The first one and a half to two volu-
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tions are somewhat tightly coiling, with almost spherical axial profile, and the
outer volutions increase in height almost uniformly, retaining biconical ellipsoidal
form of the shell. Average radius vectors of the first to seventh volution for

Table 14. Table of Measurements (in Millimeters) of Fusulinella biconica (HAYASAKA)

Radius vector

Specl- 1oc. R PL fig. L. W. R Prol
' 1 2 3 4 5 6 7T 8

men

1+ O7AWARII-98 8 5 8.41 2.16 1.6 .180 .153 .260 .383 .550 .750 1.051 1.130
2 439 200 3 6 2.88 1.85 1.6 .1107 .102 .167 .242 .364 .530 .741 .960
8 465 207 8 7 8.6+ 2.5+ 1.4 .198 .175 .269 .381 .550 .808 1.109 1.337
4 5290 227 3 8 3.19 1.83 1.7 .160 .125 .210 .325 .486 .700 .961
5 520 226 3 9 8.03 2.01 1.5 .142 .123 .194 .293 .482 .680 .936
6 529 228 4 1 x 218 x -780x.151 .280 .830 .501 .740 .970
7 ‘854 308 4 2 x 2.00 x .146 .130 .260 .369 .550 .768 1.010
Max. .198 .178 .287 .453 .607 .897 1.109 1.337 1.483
Min. .080 .092 .153 .254 .353 .530 .705 .944 1.323
Aver. {.146 .130 .210 .324 .476 .673 .896 1.104 1.403
49 50 51 52 50 49 32 14 2
Speci- Ratio of Hl./Rv. Thickness of spirotheca
mm oy 2 3 4 5 6 7T O 1 2 8 4 5 6 7T 8
1* 2.0 1.9 1.9 1.8 1.8 1.6 — .00 — — 014 .04 — — —
2 1.0 1.8 1.8 1.8 1.7 1.6 1.5 — — — .012 .014 .020 .024 .024
3 1.5 1.9 2.0 1.9 1.7 1.6 0200 —  — 024 — .024 .028
4 1.8 1.8 2.0 2.0 1.8 1.6 .018 .008 .014 .017 .020 .021 .025
5 1.5 1.7 2.1 1.8 1.9 1.6 014 .010 .014 .015 .015 .019 .025
6 .018 .008 .011 .013 .019 .019 .022
7 019 — — .018 .023 .024 .023
Max. 2.4 2.2 2.2 2.0 1.8 1.7 1.6 .020 .016 .018 .024 .025 .026 .037 .033
Min. 1.0 1.1 1.3 1.3 1.3 1.3 1.4 .010 .008 .009 .012 .014 .017 .016 .021
Aver{1.4 1.6 1.7 1.7 1.7 1.6 1.5 .018 .012 .013 .016 .019 .022 .024 .025 .021
122 24 26 23 22 16 4 17 13 30 3 43 87 21 9 1
Tunnel angle Septal count
Specimen
2 8 4 5 6 i 2 3 4 5 6 7 8
1* 19 16 15 21 —
2 - — 14 13
3 — 19 21 21 29
4 — 2 31 84 27
5 17 — 19 20 24
6 7 14 17 18 19 20
7 7 14 14 21 23
~ Max. 26 28 381 34 3 9 19 22 23 2 32
Min. 6 14 12 13 17 5 10 13 15 18 20
Aver 20 21 21 22 25 7 18 17 20 22 21 32 3
: 6 17 17 17T 12 7 19 18 17 15 8 1 1

* The statistics of the specimen 1 is excluded from the averages.
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fifty-two specimens are 130, 210, 324, 476, 673, 896, and 1,104 microns, respectively.
The heights of the chambers are almost the same throughout the length of the
shell, except in the polar regions where the chambers increase in height a little
rapidly.

The spirotheca is typical for the genus, consisting of tectum, diaphanotheca,
and outer and inner tectoria. The diaphanotheca can be seen from the first volu-
tion if the condition of the preservation is good. Both the inner and outer tectoria
are well developed on both surface of the protheca, except in the last volution
‘where they usually do not present. Both tectoria decrease in thickness poleward
from the edge of the chomata. Average total thickness of the protheca of the
first to seventh volution in forty-three specimens is 12, 13, 16, 19, 22, 24, and 25
microns, respectively.

The septa are almost plane and almost parallel to the axis. The spacing of
the septa are rather close. In extreme polar regions the septa sometimes display
very weak fluting. Average septal counts of the first to sixth volutlon for nine-
teen specimens are 7, 18, 17, 20, 22, and 27, reéspectively. '

The tunnel is narrow in the inner four to five volutions, but gradually widens
outward, and its height is half to one-third of the chambers. Average tunnel
angles of the second to sixth volution for seventeen specimens are 20, 21, 21, 22,
and 25 degrees, respectively. The chomata are well developed from the innermost
vollition. The tunnel sides of the chomata are vertical to very steep, but the
poleward slopes are very gentle in most of volutions, extending down the lateral
slopes into the polar regions. No axial filling presents.

Remarks.—This species is most abundant among species of the genus Fusulinella
of Akiyoshi fusulinids. This is also one of the most easily distinguishable species
of Fusulinella because of its biconical shape and large size of the shell. However
this species more or less closély resembles Fusulinella chki, the genotype of the
genus Fusulinella. Both have large ellipsoidal shape of the shell, heavy chomata,
unfluted ‘septa, and almost the same rate of the growth. LEE (1927) pointed
out that the close examination will show that they are specifically distinct, and
that Fusulinella biconica has smaller form ratio, more numerous number of the
septa for the corresponding volution and more slowly expanding whorls. So far
as the rate of expansion is concerned, however, there is only slight difference
between them which is regarded variation within a species. The detailed com-
parison is shown in the table inserted in the remarks on Fusulinella cf. bocki
MOLLER. At any rate, Fusulinella biconica and F. bocki have close relationship
with each other, and it seems that the former is a little highly developed than
the latter and that the former might be derived from the latter.

Fusulinella biconica (HAYASAKA) was originally described by HAYAsAKA from
the Horizons IV and III of the Omi limestone, Echigo (Toyama Prefecture), Central
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Japan. In the former he listed Neofusulinella (Fusulinella) biconica HAYASAKA (2),
Fistulipora minima HAYASAKA, and Batostomella sp., and from the latter Neo-
Susulinella (Fusulinella) biconica HAYASAKA, Schwagerina (Verbeekina) deprati
YABE, Fusulina (Schwagerina) brevicula SCHWAGER, Fusulina (Pseudofusulina) cf.
japonica GUMBEL, Doliolina lepida SCHWAGER, and Neoschwagerina craticulifera
SCHWAGER.

Although HAaYAsAkA excluded Neofusulinella biconica from the stratigraphical
consideration of the Horizon III, he stated in the description of the species that
“this species seems to range in somewhat wide vertical extension, although it
also seems possible that the blocks at the lower horizon (IV) are allochthonous,
because the species is much more numerous at III than at any other horizons.”
He was also in opinion that the Omi limestone is representing, as a whole, age from
about the Uralian to the Permian, probably including the younger Permian. Judg-
ing from his illustration of Pl II, figs. 6 and 7, Neofusulinella biconica seems to
be found associated with no Permian species. Accordingly it is highly possible
that N. biconica is a derived fossil in the Havasaxa’s Horizon III. Recent Kawa-
DA’s study (1956) has clarified that the species under consideration is limited in
the stratigraphic range in his C-2 formation of the Omi limestone which is of the
Middle Pennsylvanian age.

Occurrence.—In the Akiyoshi limestone group Fusulinella biconica (HAYASAKA) is
a good index fossil for the Cmp zone of the Pennsylvanian section, being most
widely distributed species among the Pennsylvanian fusulinids.

More than twenty localities are known for this species, which are Nos. 1 and 2
limestones of Section II (Loc. 355 and 354, respectively), No. 1 limestone of Section
III (Loc. 538), Nos. 1 and 10 limestones of Section VII (Loc. 327 and 439, respec-
tively), Nos. 1 and 4 limestones of Section XI (Loc. 500 and b02A, respectively),
Nos. 1 and 4 limestones of Section XVII (Loc. 308 and 310, respectively) Nos. 1, 2,
4, and 5 limestones of Section XXV (Loc. 279, 278, 276, and 275, respectively), and
Loc. 346, 362, 465, 529, 524A, 524B, 525, 532, and 533.

Fusulinella itoi OZAWA
Pl. 4, figs. 3-6

1925. Fusulinella itoi OzaAwWA. Jour. Coll. Seci., Imp. Univ. Tokyo, Vol. XLV, Art. 6, p. 19, Pl
III, figs. 6-8.

The shell of Fusulinella itoi OZAWA is of small to medium size for the genus,
attaining a length of 2.0 to 8.7mm and a width of 1.2 to 2.1 mm. The shell is
fusiform with bluntly pointed to somewhat rounded poles. The axis of coiling is
straight to slightly curving. The lateral slopes is straight or more or less concave,
at least on one side. The form ratio is ranging from 1.8 to 2.0, and shows almost
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no change during the growth except in the first two volutions. Averages of the
ratios of the half length to the radius vector of the first to seventh volution for
five specimens are 1.1, 1.9, 2.1, 2.1, 2.1, 2.1, and 2.1, respectively.

The proloculus is spherical and small, having an outside diameter of 73-129
microns, averaging 99 microns for ten specimens, The shell expands rather slowly.
The first volution is almost spherical. The second volution is ellipsoidal. From
the third volution outward the shell retains almost the same shape throughout
the growth. Average radius vectors of the first to seventh volution for fourteen

Table 15. Table of Measurements (in Millimeters) of Fusulinella itot OZAWA.

] Radius vector
Spect 1oe. RE PLfig. L. W. R Pl

mmen 1 2 8 4 b5 6 T
1% Quawss 11-93 4 2.60 1.33 2.0 .103 .090 .152 .251 .340 .455 .590 .710

3
2 339 239 4 4 239 1.16 2.0 .085 .075 .121 .170 .236 .340 .453 .548
5

3 516 246 4 3.38 1.68 2.0 .113 .098 .166 .250 .370 .B68 .777 .900
4 377 308 3.69 2.09 1.8 .081 .09 .132 .200 .301 .437 .656 .918
5 339 240 4 6 x 1.06 x .10? .081 .122 .211 .291 .430 .56?
Max. J120 .098 .166 .258 .379 .b68 .777 .988
Min. .073 080 .121 .172 .236 .340 .463 .548

.099  .090 .143 .232 .322 .4T4 .631 .847

Aver. 10 12 18 14 14 14 12 B
Speci- Ratio of HI./Rv. Thickness of spirotheca
men 1 2 8 4 5 6 1T 2 3 4 5 6 7
1* — — 24 28 21 21 20 .010 .03 .014 .016 .019
2 1.3 1.6 — 1.6 1.8 20 2.2 .02 .014 .014 .018 .019 .028
3 — 25 22 22 21 21 21 — .014 .016 — .023 .024
4 1.0 1.6 1.6 2.5 2.8 26 2.4 — - — 024 .08
5 012 .014 018 — @ —
Max. 1.8 2.5 2.4 25 28 2.6 24 .04 .016 .018 .024 .028 .024
Min. 1.0 1.6 1.6 1.6 1.8 1.7 1.8 .00 .013 .04 .014 .06 .016
Aver {1.1 1.9 2.1 21 21 21 21 .012 .014 .016 .019 .021 .02
12 38 8 4 5 5 5 4 8 8 9 7 4
Speci- Tunnel angle Septal count
men

2 3 4 5 6 7 8 1 2 3 4 b 6 7 8
1* 18 16 16 14 16

2 — 77 10 17 16 18

3 13 12 15 17 17

4 — 183 17 15 20 25 22

b 1 17 23 19+

Max. 18 16 17 17 20 25

Min. 13 7?7 8 11 12 15 1 15 19 197

Aver {16 12 13 1 16 20 22 13 17 21 22 22 271 30
‘12 b 6 6 6 3 1 3 3 4 4 4 1 1 1

* The statistics of the specimen 1 is excluded from the averages.

15 19 23 26

[o - I~ -]
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specimens are 90, 148, 282, 822, 474, 631 and 847 microns, respectively. The heights
of the chambers are almost equal, except in the polar regions where they are
slightly higher than in the median part of the shell.

The spirotheca is thin and is typical in structure for the genus, consisting of
a tectum, a diaphanotheca, and outer and inner tectoria. Clear diaphanotheca can
be seen from the first volution if the condition of the preservation is good. Both
tectoria are well developed except the last volution where they are very poorly
developed or lacking. Averages of the combined thickness of the tectum and the
diaphanotheca of the second to seventh volution for nine specimens are 12, 14, 16,
19, 21, and 22 microns, respectively. The spirotheca is almost uniform in thickness
poleward from the center of the shell.

The septa are almost plane throughout the length of the shell, except in the
extreme polar regions where they sometimes very weakly fluted. The septa are
the same in structure as the spirotheca. Both sides of the septa are usually coated
by the secondary deposits which are continuation of the inner tectorium of the
spirotheca. The spacing of the septa is moderate. Average septal counts of the
first to fifth volution for four specimens are 8, 13, 17, 21, and 12, respectively.

The tunnel path is almost straight to somewhat irregular. Averages of tunnel
angles of the second to seventh volution for six specimens are 16, 12, 18, 15, 16,
and 20 degrees, respectively. The tunnel is one-third to almost half as high as
the chamber. The chomata are well developed from the second volution. The
tunnel sides of the chomata are very steep, perpendicular, or sometimes overhang-
ing. The poleward slopes of the chomata are very gentle, extending into the
polar regions. Combined with the outer tectorium, the poleward extension of the
chomata is usually thickened, forming the roofs of the spirotheca of the preceding
volution,

Remarks.—On its stratigraphic occurrence and its generic referrence, Fusulinella
itot OzawA has been discussed many times by several paleontologists. Ozawa
briefly described this species at first from Shiraiwa, Ominé, Miné-shi. In the re-
mark of his description he stated that ‘‘it is associated with Lonsdaleia katoi n.
8p., Chaetetes sp., and the Upper Permian fusulines such as Neoschwagerina
shiraiwensis n. sp., N. douvillei 0ZAWA and Sumatrina annae.” OZAWA considered,
accordingly, that the age of Fusulinella itoi was the Upper Permian. As no
species of Fusulinelle had been reported from the Upper Permian of other locali-
ties, the Ozawa’s species caused much discussion among paleontologists. THOMPSON
(1934, p.295) was the first who questioned the stratigraphical position of this
species because of its close resemblance to Fusulinella bocki from the Moscovian
of Russia. In 1935 he considered that ‘‘Fusulinella’’ itoi was Permian in age and
referred it with question to the genus Yangchienia LEE. On the other hand
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HANzZAWA (1938) believed that the 0zawa’s specimens may have been collected from
the clastic pebbles derived from the underlying Moscovian bed, though he did not
offer any evidence to support his conclusion. In 1946 THoOMPSON (p.26) discussed
again on the generic referrence of this species, prefering to refer the Ozawa’s
species with question to the genus Neofusulinella. In his recent comprehensive
studies of American fusulinids THoMPSON (1948, p. 37) again referred this species
to Neofusulinella, doubting its stratigraphical position.

Although it is unfortunate that I have not been able to find the Ozawa’s
type specimen, there are still few thin sections labeled ‘‘Fusulinella itoi’’ in his
collection (section number II, 92-94). In any of them specimen of Fusulinella itoi
is not associated with such Upper or Middle Permian species as Yabeina shirai-
wensis, Neoschwagerinag douvillei, or Sumatrina annae in the same slide, so it is
most probable that all the specimens of Fusuinella itot obtained from limestone
lense at Shiraiwa are derived fossils as HANzawA thought in 1938. (There is no
doubt about the Upper Permian age of the limestone lenses at Shiraiwa, yielding
many typical Upper Permian fusulinids, though there are many limestone lenses
in Shiraiwa and I am not sure that from which one OzawA collected his speci-
mens. By the way all the limestone lenses in Shiraiwa are not contained in the
Akiyoshi limestone proper, but they are the members of the Permian Tsunemori
group which is composed mainly of shales, sandstones, and their alternations.)

In the Akiyoshi specimens, there are two forms in the size of the shell; the
larger one has a length of more than 3.5mm and a width of about 2.0 mm, while
the smaller one to which the 0zawA’s syntype belongs has only a length of about
2.5mm and a width of about 1.3 mm. There is, however, no important difference
between them except the rapid expansion of the shell in the former. It may not
be probable that two forms are of dimorphism in the species under consideration,
because they have almost the same size of the proloculus and the same number
of the volution. If more materials are prepared it may be possible to distinguish
the larger one from Fusulinella itoi s. str. at least as a subspecies.

In general Fusulinella itoi has some resemblance to Fusulinella bocki, the
genotype of the genus, as already pointed out by Ozawa, LEE, THOMPSON and
others. But the close comparison will show the differences between them; namely,
Fusulinella bocki has inflated fusiform and more or less steep convex lateral slopes
which tend to become slightly concave only .near the poles in the outer volutions,
while the lateral slopes of F. tfoi are almost straight to more or less concave;
and the rate of expansion in F'. bocki is more rapid and the form ratio is different.

Occurrence.—In the Akiyoshi limestone group this species has been found associated
with Pennsylvanian species, not with the Permian ones. Therefore there is no
doubt about the Pennsylvanian age of this species. This species is the good index
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fusulinid for the Cmp zone. Localities are No. 1 limestone of Section VII (Loec.
327), No. 1 limestone of Section IX (Loc. 516), Nos. 5, 6, and 7 limestones of Section
XX (Loc. 339, 340, and 341, respectively), Nos. 8 and 4 limestones of Section XXV
(Loe. 277 and 276, respectively), and Loc. 307, 3877, 378, 504, and 505.

Fusulinella subspherica TORIYAMA, n. sp.
Pl 4, figs. 7-11

The shell of Fusulinelle subspherica TORIYAMA, n. sp. is large and almost
spherical in shape. The number of the volution is usually 6 to 8, rarely attaining
9. The axis of coiling is almost straight except in the first volution which coils
almost perpendicular to the later volutions. The lateral slopes are completely
convex, composing subspherical shape of the shell combined with the broadly rounded
poles. The form ratio is ranging from 1.0 to 1.2, averaging 1.1 for four specimens.
The first volution is spherical. From the second to fourth volution the shell in-
creases in relative length a little slightly rapidly with the growth of individuals,
but again decreases in the outer three to four volutions. Average ratios of the
half length to the radius vector of the first to eighth volution for four specimens
are 1.2, 1.4, 14, 1.4, 1.2, 1.2, 1.2, and 1.1, respectively.

The proloculus is spherical and rather large for the genus, with outside dia-
meter of 89 to 154 microns, averaging 125 microns in eleven specimens. The shell
expands more or less slowly in the inner three to four volutions, and rapidly but
almost uniformly from the fourth volution to maturity. Average radius vectors
of the first to eighth volution of twelve specimens are 115, 191, 298, 431, 626, 852,
1,096, and 1,331 microns, respectively. The heights of the chambers are almost
uniform from the center of the shell to the poles.

The spirotheca is relatively thick, consisting of a tectum, a diaphanotheca,
and outer and inner tectoria. The clear diaphanotheca appears from the first
volution and exists throughout the length of the shell. Both outer and inner
tectoria are also well developed except in the last volution where they usually do
not present. Average thickness of the diaphanotheca plus tectum of the second
to eighth volution for nine specimens are 18, 16, 17, 22, 23, 22, and 27 microns,
respectively.

The septa are relatively closely spaced and are almost plane throughout the
length of the shell. Almost all of the septa are coated by the secondary deposits
which continue to the outer tectorium of the preceding whorl. Average septal
counts of the first to eighth volution of five specimens are 7, 14, 17, 19, 22, 28, 30,
and 81, respectively.

The tunnel is about half as high as the chambers, and its path is rather
irregular. Average tunnel angles of the second to seventh volution for four
specimens are 17, 14, 16, 16, 13, and 15 degrees, respectively. The chomata are
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well developed from the second volution to the last one. The tunnel side of the
chomata are very steep, vertical, or sometimes overhanging. The poleward slopes
are very gentle. The chomata extend almost whole way to the poles in the inner
volutions, but about half in the outer two or three volutions. No axial filling
presents.

Table 16. Table of Measurements (in Millimeters) of Fusulinella subspherica
TORIYAMA, n. Sp.

Radius vector

Speci- Rg.
e Loc. o Pl fig. L. W. R. Prol.

1 2 3 4 5 6 7 8 9

1* 354 3065 4 7 2.71 2.47 1.1 .150 .122 .193 .321 .450 .678 .920 1.180 1.290

2 533 3812 4 8 8.0+ 2.75 1.1 .140 .111 .200 .300 .441 .600 .811 1.030

8 533 813 4 9 x 2.76 x .102 .083 .145 .240 .391 .530 .740 .963 1.220 1.440
4 346 198 4 10 x 2.87 x .128 .140 .219 .853 .491 .722 .941 1.210 1.483

5 854 305 4 11 x 1.8 x .140 .140 .237 .376 .588 .770

Max. .154 .140 .237 .376 .588 .770 .941 1.210 1.483

Min. .089 .083 .145 .240 .352 .530 .740 .963 1.220

Aver. 125 .115 .191 .298 .431 .626 .852 1.096 1.331 1.440
1m 1 12 12 12 11 6 5 4 1

Speci- Ratio of Hl./Rv. Thickness of spirotheca

men 1 2 38 4 5 6 7 8 o0 1 2 8 4 &5 6 17 8
1* 1.0 1.4 1.4 1.5 1.2 1.1 1.0 1.0 .020 — .019 .018 .018 .018 .026 .026 .028
2 1.6 1.6 1.5 1.4 1.3 1.3 1.2 1.1 — — — .016 .014 .016 — .016 .025
3 — — .007 .012 .018 .016 .018 .019 .019
4 .019 .010 .014 .014 .015 .020 .024 .026 .037
5 — — — .018 .019 .019

Max. 1.6 1.6 1.5 1.5 1.3 1.3 1.2 1.1 .020 — .019 -018 .020 .033 .026 .026 .037
Min. 1.0 1.1 1.4 1.4 1.1 1.1 1.0 1.0 .013 — .007 .012 .014 .016 .018 .016 .019
Aver {1.2 1.41.41.41.21.21211 .017 — .013 .016 .017 .022 .023 .022 .027

: 3 3 4 4 4 4 4 3 4 — 4 9 9 9 3 4 4

Speci- Tunnel angle Septal count

men 2 38 4 5 6 7 8 1 2 3 4 b5 6 7T 8 9
1* 18 10 14 15 11 15

2 1 13 12 14 1 15 12

3 7 18 17 19 23 24 28 32 32
4 8 13 19 21 22 31 82 380

5 8 17 20 23 25 307

Max. 18 20 20 21 16 15 8 17 2 28 2 31 32 82
Min. 15 10 12 14 11 15 6 11 13 14 18 24 28 30
Aver {17 14 16 16 13 15 12 7 14 17 19 22 28 30 31 82

. 2 3 4 4 8 2 1 5 b5 B b5 4 3 2 2 1

* Holotype specimen.

Remarks.—Fusulinella subspherica TORIYAMA, n. sp. is one of the largest species
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in the genus Fusulinella. It has some relationship with F'. biconica (HAYASAKA)
with which the present species occurs together. There is no important difference
between them so far as the rate of expansion, the structure and thickness of the
spirotheca, the fluting and the number of the septa and the development of the
chomata are concerned. The differences which are supposed to be sufficient to
distinguish the species are characteristic subspherical shape of the mature shell and
the development of endothyroid juvenarium in the species under consideration.

Occurrence.—Fusulinella subspherica TORIYAMA, n. sp. is not common in occurrence.
The holotype specimen was collected from No. 2 limestone of Section II (Loc. 354),
the western slope of Shishidedai of Akago, Mito-cho, where it is associated with
much more common species of Fusulinella biconica (HAYASAKA). The strati-
graphical horizon of this species is, therefore, safely assigned to the Cmp zone.
The paratype specimens have also been obtained from No. 1 limestone of Section
II (Loc. 355), No. 5 limestone of Section VIII (Loc. 825), and Loc. 346, 858, 377, 378,
and 533.

Fusulinella spp.

Several species of Fusulinella have been observed in the present collection,
some of them are supposed to be new species. As the specimens available to me
are too insufficient to establish new species, all of them have been left unnamed.

Fusulinella sp. A
Pl 5, figs. 1-3

The material of this species is very poor, represented by three axial and one
diagonal sections, with the result that the following description cannot be ealled
complete. The shell is elongate fusiform and is large for this genus, having a
length of approximately 4.1 mm and a width of about 2.8 mm. Form ratio is 1.8.
The poles are bluntly pointed and the lateral slopes are almost straight, very
slightly convex, or somewhat irregular. The ratios of the half length to the
radius vector of the second to seventh volution of a mature individual (specimen
2) are 2.2, 2.4, 2.4, 2.3, 1.9, and 1.8, respectively.

The proloculus is very large for this genus. Its outside diameter is 256 microns
in maximum, averaging 210 microns for three specimens. The expansion of the
shell is rather rapid. Averages of the radius vectors of the first to sixth volution
for four specimens are 160, 248, 362, 518, 719, and 922 microns, respectively. The
chambers more or less increase in height polewardly in the inner volutions, but
almost uniform in the outer ones.

The spirotheca consists of a tectum, a diaphanotheca, and outer and inner
tectoria. The diaphanotheca begins to appear near the end of the first volution.



Geology of Akiyoshi 55

Both tectoria are well developed. The combined thickness of the tectum and the
diaphanotheca is averaging 17 microns in the third, 19 microns in the fourth, 22
microns in the fifth and 31 microns in the sixth volution, respectively.

The septa are almost plane in the middle portion of the shell, but weakly
fluted in the polar regions. They seem to be spaced rather widely. Judging from
the diagonal section the shell seems to have at least 20 septa in the fifth volution.

The tunnel is low and broad. The tunnel angle is 25 to 28 degrees at the fifth
volution. The chomata are fairly well developed in the inner volutions, but rudi-
mentary or absent in the outer ones. The tunnel side slopes of the chomata are
not so steep and the poleward slopes are extremely gentle which is hardly dis-
tinguished from the outer tectorium.

Table 17. Table of Measurements (in Millimeters) of Fusulinella sp. A

. Radius vector
Spect 1oe. R PLAig. L. W. R Prol
: 1 2 3 4 5 6 7
1 354 304 5 1 3.47 1.60 2.2 .190 .143 .232 .350 .513 .701 .92?
2 312 141 5 2 4.1+ 2.25 1.8 — — .201 .312 .473 .700 .952 1.220
3 312 141 5 38 X 1.91 x .256 .187 .276 .398 .565 .T793 .996
4 279 136 3.8+ 2.0+ 1.9 .184 .150 .281 .387 .500 .680 .82?
Speci- Ratio of HI./Rv. Thickness of spirotheca
ren 1 2 38 4 5 6 7 0 1 2 38 4 5 6
1 1.9 2.4 2.3 2.0 2.1 .019 — — .014 .016 .019 .033
2 — 2.2 2.4 24 2.3 1.9 1.8 — — — .019 — .024 .028
3 — — .016 .019 .021 .024
4 —_ - — 17 — 2.2 — — — — — — —_
Speci- Tunnel angle Septal count
men 2 3 4 5 6 1 2 3 4 5
1 25 19 17 25 23
2 — — 25 28
3 77 16? 20? 17?7 207

Remarks.—Judging from the large size of the shell and poor or rudimentary
development of the chomata this species is supposed to be an intermediate form
between Fusulinella and Fusulina. As this species does not resemble any species
of Fusulinella hitherto described, it may be a new species. It seems, however,
better to leave this species unnamed until more sufficient material becomes avail-
able.

Occurrence.—Fusulinella sp. A. is rare and has been collected from No. 2 limestone
of Section II (Loc. 854), No. 1 limestone of Section XXV (Loc. 279) and Loc. 812.
The stratigraphical horizon of this species is elearly the Cmg3 zone.
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Fusulinella sp. B
v Pl. 5, figs. 4-7

Fusulinella sp. B is small and ellipsoidal, having 5 to 7 volutions. The middle
portion of the shell is much vaulted. The lateral slopes are straight to slightly
convex. The ratios of the half length to the radius vector of the first to fifth
volution in four specimens are averaging 1.7, 1.7, 1.7, 1.9, and 1.4, respectively.

The proloculus is rather large for the size of the shell. The outside diameter
is ranging from 90 to 132 microns, averaging 114 microns for seven specimens.
In the first two or three volutions the shell is rather tightly coiling, and from
the third or fourth volution it expands more or less rapidly. Averages of the
radius vectors of the first to seventh volution for seven specimens are 94, 149,
230, 323, 470, 572, and 761 microns, respectively. The heights of the chambers are
almost uniform from the center of the shell to the poles, retaining almost the
same axial profile throughout the entire growth of the shell.

The spirotheca is thin, consisting of a tectum, a diaphanotheca, and outer and
inner tectoria. The diaphanotheca cannot be observed in the inner one or two
volutions. Tectoria are well developed on both sides of the protheca. The
outer tectorium is usually very obscure or absent in the last volution. The
combined thickness of the tectum and the diaphanotheca of the second to sixth
volution for five specimens is averaging 10, 11, 13, 20, and 22 microns, respectively.

The septa are almost plane, even in both the polar regions. The spacing of
the septa is rather wide. The septal count of the first to fourth volution in the
illustrated sagittal section is 7, 11, 11, and 17, respectively. The tunnel is narrow
and its path is somewhat irregular. The tunnel angles at the third and fourth
volutions in four specimens are averaging 16 and 23 degrees, respectively. The
chomata are well developed. The tunnel sides of the chomata are considerably
steep, but the poleward slopes are very gentle. The poleward extension of the
chomata is hardly distinguished from the outer tectorium. The heights of the
chomata are almost half as high as the chambers.

Remarks.—Judging from available axial sections this species closely resembles
Fusulinella biconica (HAYASAKA), but the size of the shell is considerably smaller
and the rate of expansion is slower in this species. It may be possible that the
pregent species is a variety of F. biconica (HAYASAKA); if not so, both have at
least very close relationship with each other. The rate of expansion of this species
almost coincides with that of F. itoi Ozawa, from which this species can be dis-
tinguished by its ellipsoidal shape. So far as its smaller ellipsoidal shape of the
shell and its almost unfluted septa are concerned this species more or less resembles
some species of Profusulinells such as P. parva var. convoluta (LEE et CHEN)
from the Huanglung limestone of China and P. fittst (THOMPSON) from the Atoka
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Table 18. Table of Measurements (in Millimeters) of Fusulinella sp. B

. Radius vector
Speci- r oo RZ. pl e L. W. R. Prol

men 7 No. 1 2 8 4 65 6 1

1 876 296 5 4 1.46 1.0+ 1.5 .104 .091 .126 .190 .291 .440 .52+

2 304 324 5 5 1.8+ 0.95 1.4 .132 .103 .18+ .287 .405

3 187 142 5 6 2.03 1.46 1.4 .122 .107 .160 .237 .331 .460 .611 .766

4 433 261 5 7 x 1.06 x .10l .100 .165 .240 .342 .520
Max. .132 .107 .18+ .287 .405 .520 .611 .766
Min. .090 .073 .123 .190 .342 .440 .52+ .756
Avep, [-114 004 .149 .230 .328 .470 .672 .76l
ver- T 7 7 17 &5 8 2

Speci- Ratio of HI./Rv. Thickness of spirotheca

men 1 2 8 4 5 6 17 o 1 2 8 4 b5 6 71

1 — — — 18 — 1.6 016 — — .010 .013 .023

2 — 1.5 1.6 1.7 —  — .009 .014 .015 .022

3 - — — — 14 — 1.5 — — .010 .010 .010 .014 .021 .016

4 —  —  —  — .013 .020

Max. 1.9 1.8 2.1 2.3 1.5 — — .010 .014 .015 .023 .022

Min. 1.5 1.5 1.6 1.6 1.4 —  — .009 .010 .010 .014 .021

A 1.7 1.7 1.7 1.9 1.4 1.6 1.5 .016 — .010 .011 .013 .020 .022

ver'{23342111—23552

Tunnel angle Septal count

Speci-

men 1 2 3 4 12 3 4
1 — — 14

2 18 19 23 28

4 7 11 11 17

formation of Oklahoma. However, as stated in the above description, this species
has clear diaphanotheca in all except the inner one or two volutions, and is dis-
tinguished from typical species of Profusulinella.

As recently pointed out by SKINNER and WILDE (1954) some of advanced forms
of Profusulinella sometimes possesses diaphanotheca in the spirotheca of all except
the ultimate volution. Accordingly the present species is considered to be transi-
tional from Profusulinella to Fusulinelle. Further study on more sufficient
materials is necessary for the definite generic and specific assignment of this form.

Occurrence.—Fusulinella sp. B has been collected from No. 2 limestone of Section
VII (Loe. 433), No. 6 limestone of Section XV (Loc. 776), No. 2 limestone of Section
XVII (Loc. 304), No. 3 limestone of Section XIX (Loc. 876), and Loc. 187.

The stratigraphical range is covering both the Cma and Cmg subzones,
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Fusulinella sp. C
Pl 5, figs. 8-10

The shell of Fusulinella sp. C is small and ellipsoidal, having a straight axis
of coiling. The lateral slopes are very gently convex, but never concave. Both
the extremities are very broadly rounded. The number of the volution is usually
b, rarely 6. An individual (specimen 1) of five volutions has a length of 2.6 mm
and a width of 1.3mm. Average of the form ratio for seven specimens is 1.8.
The first volution is spherical to subspherical. Beyond the second volution the
shell retains ellipsoidal shape throughout the growth. Average ratios of the half
length to the radius vector of the first to fifth volution for eight specimens are
1.5, 2.0, 2.0, 2.1, and 1.9, respectively.

The proloculus is small and spherical. Its outside diameter is ranging from
82 to 118 microns, averaging 99 microns for five specimens. The shell coils rather
closely in the first three volutions, but considerably rapid in the outer two or
three volutions. Averages of the radius vector of the first to fifth volution for
eight specimens are 89, 142, 229, 352, and 539 microns, respectively. The heights
of the chambers inerease only slightly poleward from the center of the shell.

The spirotheca is thin and is typical for the genus. The diaphanotheca appears
from the first volution. Both tectoria are well developed except in the last volu-
tion where they are poorly developed or absent. The outer tectorium which
decreases in thickness poleward from the edges of the chomata is hardly dis-
tinguishable from the poleward extension of the chomata. Average combined
thickness of the tectum and the diaphanotheca of the first to fifth volution for
eight specimens is 10, 12, 14, 16, and 20 microns, respectively.

The septa are almost plane and parallel to the axis of coiling. In the polar
regions the septa flute very weakly. The spacing and the number of the septa
are unknown because of the absence of the well oriented sagittal section.

The tunnel is narrow in the inner two or three volutions, but gradually widens
outward. The height of the tunnel is one-third to half of the chambers. Average
tunnel angles of the third to fifth volution for three specimens are 21, 23, and
25 degrees, respectively. The chomata are well developed. The tunnel sides of
the chomata are very steep, vertical, or sometimes overhanging, but the poleward
slopes are very gentle, extending down the lateral slopes into the polar regions.

Remarks.—This species resembles Fusulinelle biconica (HAYASAKA), but is dis-
tinguished from the latter by its more elongate ellipsoidal form, larger form ratio,
smaller proloculus, and slower rate of expansion. This species also resembles
Fusulinella bocki MOLLER which has almost the same form ratio. However the
latter has more inflated fusiform, more steep convex lateral slopes, better devel-
oped chomata, and more rapid expansion of the shell,
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Table 19. Table of Measurements (in Millimeters) of Fusulinella sp. C
: Radius vector
Speck- 1oc. R&  PL fig. L. W. R Prol
: 1 2 3 4 b
1 478 147 5 8 2,67 1.29 2.0 094 .08 .137 .231 .870 .600
2 549 154 5 9 2.3+ 1.29 1.8 113 100 .160 .246 .887 .581
3 536 149 5 10 1.89 1.1+ 1.7 .085 .080 .128 .217 .802 .440
Max. 113 104 160 .270 .410 .650
Min. .082 .072 .123 .210 .302 .440
Aver { .099 .089 .142 ,229 .352 .539
' 7 8 8 8 8 8
Speci- Ratio of HI./Rv. Thickness of spirotheca T;:g;:l
men 1 2 8 4 5 1 2 3 4 5 3 4 b5
1 1.9 2.9 2.7 2.6 2.2 009 .014 .018 .019 .028 23 24 27
2 2.0 2.0 1.5 — 1.9 — — — .014 .015 - = =
3 1.4 1.8 1.8 1.9 1.9 .010 .012 .013 .014 .016 19 27 —
Max. 2.0 2.9 2.7 2.6 2.2 .010 .014 .018 .019 .028 23 27 27
Min. 1.0 1.2 1.5 1.6 1.6 .009 .010 .011 .013 .015 19 19 23
A 1.6 2.0 2.0 2.1 1.9 010 .012 .014 .016 .020 21 23 25
ver. { 7 7 17 6 8 2 4 6 8 8 2 3 2

Generally speaking Fusulinella sp. C is presumed to be an earlier form of the
genus, because this species is considered to be morphologically more primitive
than Fusulinella biconica (HAYASAKA) or F'. bocki MOLLER and its stratigraphical
occurrence is limited to the Cma zone as listed below.

Occurrence.—Fusulinella sp. C is rather rare in the Akiyoshi limestone group.
It has been collected from the following three localities, all of them are referred

to the Cma zone. No. 5 limestone of Section XXIV (Loc. 549) and Loe. 478 and 535.

Fusulinella sp. D
Pl. b, figs. 11, 12

The shell is fusiform with more or less pointed ends. The lateral slopes are
convex in the inner volutions, but concave at least in one side of the outer volu-
tions. The shell of three volutions has a length of 0.88 to 0.95mm, and a width
of 0.52 to 0.55 mm, with a form ratio of 1.6 to 1.8.

The proloculus is spherical and is very large for the genus, attaining an out-
side diameter of 137 to 145 microns. The wall of the proloculus consists of a single
homogeneous layer which has a thickness of less than 10 microns. The first volu-
tion is almost spherical in shape, and beyond. the second volution the shell inecreases
in length, retaining a fusiform. The rate of expansion is rather moderate. The
radius vectors of the first to third volution are 113-187, 180-189, and 270-274 microns,



60 " R. TORIYAMA

respectively. The heights of the chambers are uniform in the spherical first
volution, but increasing polewardly in the outer ones.

The spirotheca is thin and composed of a tectum, a diaphanotheca, and outer
and inner tectoria. The diaphanotheca begins to appéar from the last part of the
first volution, but disappears again in the last part of the last volution. Both
tectoria are well developed except in the last volution where they are poorly
developed or absent. The combined thickness of the tectum and the diaphanotheca
of the second and third volutions is 11-12 and 12-18 microns, respectively.

The septa do not flute even in both the polar regions. The spacing and the
number of septa are unknown because of the absence of sagittal section.

The tunnel is low and narrow and its path is somewhat irregular. The chomata
are well developed from the first volution. The heights of the chomata are one-
third to almost half as high as chambers. The tunnel side of the chomata is very
steep to almost vertical, but the poleward slopes are very gentle, extending almost
to the poles in the outer two volutions. The tunnel angles of the first to third
volution are 20, 15-16, and 13-15 degrees, respectively.

Table 20. Table of Measurements (in Millimeters) of Fusulinella sp. D

Radius vector
Specimen Loe. Rg.No. Pl fig. L. w. R. Prol.

1 2 3

1 577 280 5 11 0.88 0.55 1.6 145,187  .180 .270
2 355 332 5 12 0.95 0.52 1.8 J1837 113 189  .2T4

Ratio of HL/Rv. Thickness of spirotheca Tunnel angle

Specimen

1 2 3 0 1 2 3 1 2 3
1 1.2 1.8 1.7 .009 .009 .012 .012 20?7 16 13
2 1.2 1.4 1.7 — — 011 .013 — 15 15

Remarks.—Having a considerably large proloculus for the size of the shell, this
species may be either a megalospheric or an immature form of some species of
Fusulinella. This species more or less resembles Profusulinella fittsi (THOMPSON)
which was originally described as a species of Fusulinella. However the said
species has much massive chomata, while the present species has clear diapha-
notheca even in the spirotheca of the first volution. One specimen of Fusulinella
bocki MOLLER which was illustrated as Pl. IX, fig. 1 by LEE and CHEN (1930) also
resembles the present form. As stated already, some specimens of LEE and CHEN
seem to be not conspecific with the topotype specimen of F'. bocki redeseribed and
re-illustrated by THOMPSON (1954). Having small size and fusiform of shell, large
proloculus, unfluted septa, and heavy chomata, the present form and LEE and
CHEN’s fig. 1 may be conspecific.- The final generic and specific assignment of this
form should be reserved until more sufficient material becomes available.
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Occurrence.—Fusulinella sp. D has been collected from No. 1 limestone of Section
II (Loc. 355), No. 6 limestone of Section XV (Loc. 776) and Loc. 577. It is supposed
that the stratigraphical range of this species is covering both of the Cma and
Cmp zones.

Genus Fusulina FISCHER DE WALDHEIM, 1829
Fusulina akiyoshiensis TORIYAMA, n. sp.
PL 5, figs. 13-15

The shell is of moderate size and is highly inflated fusiform, having a straight
axis of coiling, convex to almost straight lateral slopes and bluntly pointed poles.
Although the last whorl has been broken away, the holotype specimen of seven
volutions is estimated to have a length of about 4.2mm and a width of about
29mm. The form ratio is approximately 1.4.

The proloculus is spherical and moderate in size, having an outside diameter
of 160 to 195 microns. The wall of the proloculus is composed of structureless
dense layer which has a thickness of 16 microns that is almost equal in thickness
to that of the third or fourth volution. The first one or two volutions are closely
coiling, and then the shelllexpands a little rapidly. Averages of the radius vector
of the first to seventh volution for seven specimens are 159, 256, 387, 567, 825,
1,117, and 1,363 microns, respectively. The heights of the chambers are almost
uniform from the equator to the poles, resulting in that the ratios of the half
length to the radius vector change but little during the growth of the shell.

The spirotheca is typical for the genus, consisting of a tectum, a diaphanotheca,
and outer and inner tectoria. The diaphanotheca are well developed and can be
observable from the first volution. Both tectoria are also well developed throughout
the length of the shell, except in the last volution where they are very poorly
developed or absent. Averages of the combined thickness of the tectum and the
diaphanotheca of the first to seventh volution are 11, 12, 15, 17, 18, 22, and 27
microns, respectively. In a zone of each side of the tunnel the epithecal deposits
are very strong, taking a form of chomata. In some parts of the shell these
epithecal deposits are coating thickly the septa as well as the roofs and floors of
the chambers, leaving small circular to irregular openings in the sagittal sections.

The septa are considerably strongly fluting, especially in both polar regions
where they form many septal loops. In the central part of the shell closed chamber-
lets formed by the fluting of the septa are half to two-thirds as high as the
chambers. The septa are not so closely spaced. The septal counts in one sagittal
section of six volutions are 8, 15, 20, 27, 31, and 36, respectively.

The tunnel is narrow and its path is slightly irregular. It widens very slowly
during the growth. The tunnel angles of the holotype specimen are 8, 11, 12, 13,
and 13 degrees, respectively, in the second to sixth volution.
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Table 21. Table of Measurements (in Millimeters) of Fusulina akiyoshiensis
TORIYAMA, n. Sp.

Rg Radius vector

Speci- 156, PL igzg L. W. R. Prol

men No.

1 2 3 4 b 6 7
1* 327 320 b5 18 4.15 2.9+ 1.4 .180 .151 .249 .364 .538 .789 1.073 1.40+

2 307 317 4.34 2,98 1.5 — — .287 .436 .698 .957 1.250 1.440
3 327 320 5 14 x 2.7+ x .16+ .182 .213 .333 .492 .713 1.002 1.260
4 327 3283 b5 15 X 2.68 x .16+ ,198 .286 .437 .600 .851 1.110 1.350
Max. .195 .198 .287 .437 .698 .957 1.250 1.440
Min. .160 .132 .213 .333 .480 .713 1.002 1.260
Aver {.173 .159 .256 .387 .567 .825 1.117 1.363
) 6 6 7 7 7 6 5 4
Speci- Ratio of HI./Rv. Thickness of spirotheca
men 2 3 4 5 6 7 o 1 2 8 4 5 6 1
1* — — 1.7 1.6 1.6 1.5 .016 .011 — .011 .014 .018 .021 .024
2 1.5 1.6 1.5 1.6 1.5 1.5 — — .013 .,017 .018 .019 .022 .029
3 — — .012 .014 .014 .016 .024
4 — — — .018 .020 .023
Max. 1.8 1.8 1.6 1.6 1.5 — — .013 .018 .021 .023 .024 .029
Min. 1.5 1.5 1.6 1.5 1.5 — — .012 .011 .014 .016 .019 .024
Aver {1.5 1.7 1.7 1.6 1.6 1.5 .016 .011 .012 .015 .017 .018 .022 .027
) 1 2 3 2 2 2 1 1 3 6 6 6 4 2
Speci- Tunnel angle Septal count
men 2 3 4 5 6 1 2 3 4 5 6
1* 8 11 12 13 13
3 — — — 25 30 34
4 8 15 20 27 31 36

* Holotype specimen.

Remarks.—This is one of the stratigraphically most important species in the
Akiyoshi fusulinid fauna, being only the species of genus Fusulina found in the
Akiyoshi limestone group. In general appearance this species resembles Fusulina
girtyi (DUNBAR and CoNDRA). However the latter species has more numerous
number of volution, more strongly fluted septa, and less numerous septa for the
corresponding volution, while Fusulina akiyoshtensis has slightly more rapid rate
of expansion than that of F. girtys.

Fusulina curta which was described by THoMPSON (1945) from the Pennsyl-
vanian Youghall formation of the Juniper Mountain, Colorado also resembles the
species under consideration. But the latter has slightly larger size of the shell
at maturity though less numerous in number of volution, and septal fluting is
weaker in the latter. Also the septal counts for the corresponding volution are
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less numerous in this species except in the sixth volution.

THOMPSON (1948) recently described a new species (Pl. 82, fig. 8) from the
Cuchillo Negro formation of Mud Spring Mountain, New Mexico, which has been
left unnamed and without description probably because of the insufficiency of
the material. Fusulina akiyoshiensis n. sp. resembles that species more closely
than any other species of Fusulina. However Fusulina akiyoshiensis n. sp. is
larger at maturity though both are almost the same in the number of volution,
and the present species seems to have slightly larger proloculus and slightly
stronger septal fluting, especially in the polar regions, which can be observed in
the tangential section.

It should be noted that Fusulina n. sp. THOMPSON is representing one of the
transitional stage in the phylogentical development from Fusulinella to Fusulina,
occuring associated with such highly developed species of Fusulinella as F. cf.
towensis THOMPSON which has some resemblance to Fusulinella bocki or F'. biconica.

THOMPSON (1945, 1948) and MooRE and THOMPSON (1949) discussed in detail on
the fusulinid zones in North America and established five fusulinid zones in the
Pennsylvanian System. Of which the lower part of the zone of Fusulina in the
Mid-Continent region is characterized by the combination of the advanced form of
Fusulinella and the primitive types of Fusulina. The co-existence of Fusulina
n. sp. THOMPSON and Fusulinella cf. iowensis THOMPSON cited above is just the
case of the lower Desmoinesian fusulinid assemblage.

As described above the present species of Fusulina is considered to be one of
the most primitive species among the genus Fusulina, and occurs associated with
such Fusulinella as F'. biconica and F. itoi which, as already stated, seem to
represent highly developed stage of Fusulinella, having large size of the shell and
numerous number of volution for the genus, and well developed chomata and
epitheca. Interesting enough that the Akiyoshi fusulinid fauna displays almost
the same assemblage of fusulinid as that of the lower Desmoinesian fusulinid
fauna of the Mid-Continent of North America.

Occurrence.—Fusulina akiyoshiensis TORIYAMA, n. sp. is rare in occurrence, and
has been collected only from No. 1 limestone of Section VII (Loec. 827) and Loc. 307.
This species is one of the characteristic of the upper part of the Cmp zone.
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Part B. Permian Fusulinids

Family FUSULINIDAE MOLLER, 1878
Subfamily OZAWAINELLINAE THOMPSON and FOSTER, 1937
Genus Ozawainella THOMPSON, 1935
Ozawainella akiyoshiensis TORIYAMA, n. sp.
PL 6, figs. 1-4

Only two specimens of undescribed form of Ozawainella have been obtained
in my collection. Although they are very insufficient in number to justify the
establishment of a new species, this form is so characteristic in its axial profile
that I describe it as a new species.

The shell of Ozawainella akiyoshiensis TORIYAMA, n. sp. is small and thickly
lenticular.in shape, with acutely angular periphery, almost straight lateral slopes,
and very obtuse polar extremities. Larger specimen of the illustrated axial sec-
tion is 0.73 mm in length and 1.58 mm in width, giving a form ratio of 0.46. The
inner two volutions seem to assume less angular periphery. The outer three volu-
tions are almost the same in axial profile.

The proloculus is seemingly spherical and 66 microns in approximate outside
diameter. The shell expands moderately in the inner two volutions but rather
rapidly in the outer three volutions. The radius vectors of the first to fifth volu-
tion of one of the illustrated axial section are 110, 190, 317, 448, and 724 microns,
respectively. Those of the second to fifth volution of another specimen are 170,
310, 472, and 717 microns, respectively.

The thin spirotheca appears to have four-layered type of the spirotheca although
its minute structure cannot be made out due to the secondary replacement. The
thickness of the spirotheca in the second to fifth volution in two specimens is 13,
14, 17, and 20-21 microns, respectively.

The septal arrangement and their nature are not known because no sagittal
section is available. However, it is at least certain that they are completely plane
throughout the length of the shell.

The tunnel is narrow with nearly straight pass. The tunnel angles of the
second and third volutions are 14 and 14-18? degrees, respectively. The chomata
appear to be present at least in the outer volutions.

Remarks.—The genus Ozawainella is distinguished from closely similar genera of
the subfamily Ozawainellinae by its angular periphery throughout the shell, involute
shell, and the more or less uniform axial profile of all the volutions. Ozawainella
akiyoshiensis TORIYAMA, n. sp. displays these characteristics exceedingly well, and
is, at the same time, distinguished from similar species by its rapid expansion of
the shell. However, materials available to me are very insufficient, and more
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Table 22. Table of Measurements (in Millimeters) of Ozawainella akiyoshiensis
TORIYAMA, n. sp.

g Radius vector
Speci  Loe. RE L. W. R Prol
: 1 2 3 4 6 5%

1* 523 113 0.66 1.43 0.5 — — 170  .810 .472 .717

2 523 114 0.73 1.58 0.5 066 .110 .190 .317 .448 .724 .850
Speci- Ratio of Hl./Rv. Thickness of spirotheca ’.[;\:ltgll:l PL fg
men 4, 2 3 4 5 2 3 4 5 2 3 4

1* — — 0.4 0.4 0.5 — —  .017  .020 14 14 6 24

2 0.8 0.7 0.6 0.6 0.5 013 .014 —  .021 — 18 1 6 1,3

* Holotype specimen.
materials must be added to make true nature of this species clear.

Occurrence.—0Ozawainella akiyoshiensis TORIYAMA, n. sp. is only known from No.
6 limestone of Section X (Loec. 523) which is referred to the Pmp subzone. The
stratigraphical range of this species may probably be more wide.

Subfamily STAFFELLINAE MIKLUCHO-MAKLAI, 1949
Genus Nankinella LEE, 1933
Nankinella nagatoensis TORIYAMA, n. sp.

Pl 6, figs. 5-18

A number of specimens of an undescribed form of the genus Nankinella have
been obtained in my collections from the Pla and PIS subzones.

The shell of Nankinella nagatoensis TORIYAMA, n. sp. is small and planispiral
throughout its growth. The periphery is more or less angular in the outer volu-
tions but is narrowly rounded in the inner ones. The axial ends seemingly do not
umbilicate in most of specimens. Mature specimens of six to seven volutions are
0.9 to 1.7 mm long and 1.4 to 2.2 mm wide, giving a form ratio of 0.6 to 0.7 for
four specimens. Averages of ratios of the half length to the radius vector of the
first to seventh volution in eight specimens are 0.6, 0.6, 0.7, 0.7, 0.7, 0.8, and 0.7,
respectively.

The proloculus is seemingly spherical, with an outside diameter of 79 to 187
microns, averaging 117 microns for six specimens. The expansion of the shell is
slow in the inner two to three volutions, but becomes slightly rapid in the follow-
ing outer volutions. The chambers are highest immediately above the tunnel,
decreasing in height polewardly. Average radius vectors of the first to seventh
volution of eleven specimens are 115, 195, 307, 438, 607, 758, and 949 microns,
respectively.

The spirotheca is thin, Its minute structure is hardly observable probably
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Table 23. Table of Measurements (in Millimeters) of Nankinella nagatoensis
TORIYAMA, n. sp.
. Radius vector
Spechroe. K& L. W. R Prol
: : 1 2 3 4 b 6 7
1 300 1858 1.31 2.20 0.6 — 095 .190 .383 .552 .717 .883 1.058
2 331 670 1.4 2.1 0.7 — — — .29 .43 .60 .78 1.03
3 767 1239 1.7 — — .080 .104 .200 .276 .368 .561 .686 —
4% 497 1623 1.18 1.63 0.7 .079 .92 .162 — 421 567 .674 .790
5 2 2112 1.20 1.65 0.7 .092 .138 .230 .338 .463 .628 .766 .92
6 314 1044 0.92 1.4 0.6 — — .18 .270 .892 .577 .714
7 880 1571 0.77 1.18 0.7 .141 .129 .218 .359 .491 .613
8 103 109 x  0.50 X — .110 .180 .260
9 103 109 x  0.67 x .187 .141 224 .338
Max .187  .141  .230 .383 .552 .717 .883 1.058
Min. 079 .092  .162 .260 .368 .561 .6T4 .790
Aver {.117 156,195 .307 .438  .607 .753 .949
' 6 9 11 11 10 9 1 4
Speci- Ratio of HI./Rv. Thickness of spirotheca
men 1 2 3 4 5 6 7 o 1 2 3 4 & 6 1
1 — — — 0.5 0.5 0.6 0.6 — .0137 .016 .019 — .022 .020 .019
2 — — — 1.0 0.9 0.8 0.7 — .013 .014 .018 .022 .028 .024
3 — — — 0.7 0.7 0.9 — — .018 .020 .020 .020 .025 .027
4x 0.8 0.8 — 0.7 0.7 0.8 0.8 .0127 .013 .014 .014 .014 .018 .020 .022
5 — — 0.7 0.7 0.7 0.7 0.7 —_ — — — — .020 .020
6 0.5 0.6 0.6 0.6 0.7 — — .011 — .018 .030
7 — 0.7 0.7 0.8 — .013 .014 .018 .021
8 — .012 .016 .014
9 .012 .011 .012 .018
Max 0.8 0.8 1.0 0.9 0.8 0.9 0.8 — .013 .018 .021 .028 .030 .025 .027
Min. 0.5 0.5 0.6 0.5 0.5 0.6 0.6 — .011 .011 .014 .014 .018 .020 .019
Aver {0.6 0.6 0.7 0.7 0.7 0.8 0.7 .012 .012 .015 .018 .021 .023 .022 .023
’ 3 4 6 8 7 5 4 2 6 10 9 7 7 b 3
Speci- Tunnel angle Septal count -
men . fig.
2 3 4 5} 6 7 1 2 3
1 — — -— 16 — 117 6 5
2 — 16 15 18 15 6 6
3 — 20?7 17 20 20? 6 7
4% — 13 12 12 13 6 8
5 18?7  — — 142 6 9
6 — — — 14 6 10
ki — — 14 18 6 11
8 — 11 12
9 8? 11?7 18
Max. — 20? 17 20 20
Min, — 13 12 12 13
18 16 15 16 16 11?7
Aver. {3 3 I 7 3 1

* Holotype specimen.
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because of recrystallization. However, a diaphanotheca-like thin and less dense
layer is partly seen in a very limited part of the spirotheca. Average thickness
of the spirotheca of the first to seventh volution for ten specimens is 12, 15, 18,
21, 28, 22, and 23 microns, respectively.

The septa is rather thick and unfluted throughout the length of the shell. Its
minute structure is also unknown even under the high magnification of the micro-
scope. As no sagittal section of fully grown shell is available, averages of the
septal counts of the successive volutions are not known, but 8?, 11?, and 12-18
septa are counted in the first to third volution of two immature specimens, re-
spectively.

The tunnel is rather high and narrow, with nearly straight path. Although
the tunnel angles is hard to be measured with certainty, average tunnel angles
of the second to sixth volution in seven specimens are 18?7, 16, 15, 16, 16, and 11
degrees, respectively. :

Remarks.—Only a few species of Nankinelle have been described in this country;
namely, N. discoides (LEE) described by Hanzawa (1950) from the Maiya formation
of the Kitakami massif, Northeast Japan and N. cfr. plummeri THOMPSON and
N. sp. described by Ico (1957) from the Ichinotani formation of the Fukuji distriet,
Central Japan are only representatives. Although the specimens of Nankinella
nagatoensis TORIYAMA, n. sp. at my disposal are not sufficient and their preserva-
tion is not good, the present species is easily distinguished from N. discoides
(LEE), N. inflata (CoLANI), N. plummeri THOMPSON and their allied forms in the
dimension of the shell and the rate of expansion for the corresponding volution.
N. nagatoensis TORIYAMA, n. sp. somewhat resembles N. chaputi (CIRY) which was
collected from Culuk of Turkey and originally referred to the genus Staffella, but
differs from the latter in having less numerous volutions, slightly larger proloculus,
relatively larger radius vector for the corresponding volution and thinner spirotheca.
N. chaputi (CIRY) seemingly has very heavy axial fillings which do not occur in
the present species. No other Asiatic species is comparable with N. nagatoensis
TORIYAMA n. sp.

Having small size of the shell, rather less numerous volutions for the genus,
and the typical ozawainellid young stage, the present species is considered to be
an intermediate form from Ozawainella to Stoffella.

Occurrence.—Nankinella nagatoensis TORIYAMA n. sp. is sparsely disseminated in
the following localities: No. 2 limestone of Section X (Loc. 492), No. 4 limestone
of Section XIV (Loc. 103), No. 4 limestone of Section XVIII (Loc. 314), No. 8 lime-
stone of Section XXII (Loc. 881), No. 1 limestone of Section XXIV (Loc. 552), No.
6 limestone of Section XXV (Loc. 800), No. 7 limestone of Section XXVI (Loc. 757),
and Loc. 2, 880 and 497.
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Excepting a doubtful occurrence in the Loec, 2, the stratigraphical range of
this species is relatively short and restricted in the Pla to Plr subzones.

Nankinella spp.
Form A
Pl 6, figs. 14, 15
Form B
Pl 6, figs. 16, 17
Form C
Pl 6, figs. 18, 19
In addition to the form described above, a number of specimens referable to
the genus Nankinella have been obtained in separated localities of the Akiyoshi
limestone group. They seem not to belong to one species but are referred to at
least three species or more. However, specimens available to me are very insuf-
ficient, and more additional sections must be prepared before their nature can be

Table 24. Table of Measurements (in Millimeters) of Nankinella spp.

ey S Radius vector Ratio of HIL/Rv.
S §g é ! L. W. R. Prol
=) 2 1 2 3 4 5 1 2 8 4 &
A{l 287 2173 0.69 1.10 0.6 — .112 .164 .251 .400 .665 — 0.6 0.7 0.7 0.5
2 287 2178 0.46 0.91 0.5 — .067 .116 .184 .307 .463 — 0.5 0.6 0.6 0.5
3 103 101 0.44 0.89 0.5 .090 .070 .165 .290 .498 0.7 0.6 0.5 0.4
4 103 102 0.59 1.00+0.5 — — .161 .250 .391 .620 0.4 0.5 0.6 0.5
B 5 103 102 0.59 0.88 0.7 — .110 .250 .368 .490 0.6 0.5 0.6 0.6
6 103 105 0.44 0.67 0.7 .071 .071 .141 .222 .370 — 0.5 0.5 0.7
7 819 1053 0.37 0.93 0.4 .070 .120 .200 .300 .491 — 0.5 0.4 05
8 265 1517 0.41 0.89 0.5 .10?7 .103 .181 .291 .500 0.8 0.6 0.5 0.4
C{9 552 1634 0.39 0.79 0.5 — .116 .184 .273 .415 0.5 0.5 0.6 0.6
10 3815 1047 0.35 0.70 0.5 .08 .077 .113 .205 .326 1.0 1.0 0.8 0.6
11 315 1045 x 0.94 x .066 .070 .114 .156 .244
s Thickness of spirotheca Tunnel angle Septal eount
Form SI%Z(I::- P £ P Pl fig.
1 2 3 4 b 2 3 4 b 2 3 4
A {1 — .012 .013 .014 .016 21 21 19 6 14
2 010 .012 .013 .013 .014 — 20 19 17?
3 010 .014 .019 .019 — 20 207 6 16
B {4 013 .014 .016 .0197 15 18
5 011 .014 014 .016 — 18 227 -
6 — .010 .014 .019 19 16 6 17
7 — 014 .019 .021 — 27?7 6 18
8 012 .0183 .015 .019 — 227
C 9 012  .014 .016 .018 — 21 19
10 —  .012 .016 .021 16 25 6 19

11 — .010 .011 .017 9 10 13
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understood with certainty and before their relationship with other species can be
clarified. Nevertheless, for the sake of completeness, I am illustrating some of
them and giving statistical data obtained from them.

Occurrence.—Form A has been obtained from No. 5 limestone of Section I (Loc.
287) and No. 2 limestone of Section XXI (Loc. 258). The stratigraphical range of
Form A is fairly long, ranging from the Pla to Pma.

Form B was collected only from No. 4 limestone of Section XIV (Loec. 103).
The stratigraphical age of this form is considered to be the Pla.

Form C was obtained from No. 2 limestone of Section VIII (Loe. 319) and No.
3 limestone of Section XVIII (Loc. 815), No. 1 limestone of Seetion XX (Loc. 265),
and No. 1 limestone of Section XXIV (Loc. 552). Its stratigraphical range is the
Plg.

Genus Staffella 0zawa, 1925
Staffella yobarensis OZAWA
Pl. 6, figs. 20-28

1925. Staffella yobarensis OzAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 6, p. 20,
Pl III, figs. 1b, 5.

The shell of Staffella yobarensis Ozawa is small and subelliptical, with broadly
rounded periphery. The axis of coiling is the shortest diameter, but the axial
regions are not depressed. Mature specimens of four to five and a half volutions
are 0.49 to 0.69 mm in length and 0.64 to 0.98 mm in width, giving a form ratio
of 0.7 to 0.8. The first volution seemingly is evolute. Beyond the second volution
the shell becomes involute. Average ratios of the half length to the radius vector
of the first to fifth volution in three specimens are 0.8, 0.6, 0.7, 0.7, and 0.8, re-
spectively. v

The proloculus is minute and spherical. Its outside diameter varies from 50
to approximately 120 microns, averaging 79 microns in eleven specimens. The
expansion of the shell becomes gradually rapid from the first volution to the last.
Average radius vectors of the first to fifth volution for thirteen specimens are 85,
149, 233, 335, and 463 microns, respectively., The chambers are highest immediately
above the tunnel. In the outer volution they are nearly the same in. height in
the central half of the shell, decreasing in height only slightly toward the poles,
but in the inner one to two volutions they rapidly decrease in height poleward.

The spirotheca is thin and seemingly has a four-layered structure of Fusulinella-
type. In some part of outer volutions a relatively thick diaphanotheca-like layer
seems to exist, but it is not certain whether or not that is it corresponding to
diaphanotheca observed in other fusulinids having the typical four-layered spiro-
theca. Averages of the thickness of all layers of the spirotheca in the first to
fifth volution for seven specimens are 11, 14, 17, 20, and 27 microns, respectively.
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The septa seem to be the same in structure as the spirotheca, although their
minute structure is hardly observable. They are unfluted throughout the length
of the shell. Although most of the septa are almost perpendicular to the surface
of the spirotheca, some of them are slightly arching anteriorly. The septal counts
of the first to fourth volution in one of the illustrated sagittal section (Pl. 6, fig.
25) are 6, 12, 13, and 14, respectively.

The tunnel is narrow, but rather high, with nearly straight pass. Average
'tunnel angles of the first to fourth volution of five specimens are 22, 25, 24, and
22 degrees, respeétively. Seemingly the chomata are very massive and asymmetrical,
with considerably steep tunnel sides and low lateral slopes.

Table 25. Table of Measurements (in Millimeters) of Staffella yobarensis OzAWA

. R Radius vector Ratio of HI./Rv.
Speci-roc. R& L. W. R. Prol
men 0 1 2 38 4 5 1 2 3 4 3
1 101 1510 0.68 0.82 0.8 .065 .086 .150 .203 .307 .440 0.8 0.7 0.7 0.7 0.8
2 553 1644 0.51 0.64 0.8 .108 .100 .165 .250 .356 — 0.6 0.8 0.7
3 553 1644 x 0.77 x .089 .089 .156 .251 .36+
4 552 1637 x 0.82 x .067 .095 .184 .276 .401
Max. .120 .100 .193 .276 .401 .574 — 0.7 0.8 0.7 0.8
Min.  .050 .064 .111 .179 .264 .400 — 0.5 0.6 0.7 0.7
A .079 .085 .149 .233 .335 .463 0.8 0.6 0.7 0.7 0.8
Ve 111 18 18 13 12 8 1 8 8 38 2
. Thickness of spirotheca Tunnel angle Septal count
Speci- PlL fig.
men 0 1 2 8 4 5 1 2 3 4 6 1 2 8 4
1 —  — .013 .016 .016 .027 — 24 24 25 20 6 20,24
2 .010? .012 .012 .015 .020 22 257 27 22 6 21,23
3 .008 .012 .013 .015 .018 6 12 13 14 6 2225
4 — .011 .014 .019 .019? 10211 13 17 6 26
Max. .014 .012 .0I18 .022 .026 .027 25 27 25 10 13 13 18
Min.  .008 .010 .012 .015 .016 .026 24 20 177 6 11 13 14

011 .01l .014 .017 .020 .027 22 25 24 22 20 8 12 13 15
Aver. { 3 4 6 &6 7 8 1 4 5 4 1 8 8 2 3

Remarks.—Staffella yobarensis OZAWA is one of the smallest form of the genus.
‘Although Ozawa did not designate the holotype, fig. 5 of Pl III is seemingly most
typical among the syntype specimens, and I, therefore, designate fig. 5 of Pl. III
in the original illustration as the lectotype of this species. My specimens collected
from scattered localities in the Akiyoshi limestone group well agree with the
OzAWA’s original in all the essential characters.

Staffella yobarensis OZAWA somewhat resembles S. ozawai LEE et CHEN reported
from the Huanglung ilmestone of South China, but differs from the latter in having
less rounded external form, less numerous volutions and thinner spirotheca. The
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umbilical area of the latter is never depressed, but being exclusively rounded.

Staffella yobarensis OZAWA has also been reported from the Taishaku limestone
of Southwest Japan and the Kitakami massif of Northeast Japan, although none
of them has been described.

Occurrence.—Staffella yobarensis OZzawA has been found in the following localities:
No. 4 limestone of Section X (Loc. 521), No. 5 limestone of Section XIV (Loc. 101),
No. 1 limestone of Section XXIV (Loe. 552), No. 7 limestone of Section XXVI (Loc.
757), and Loec. 880 and 553. The stratigraphical range of Staffella yobarensis is
seemingly short, being restricted to the PI3.

Staffella molleri 0zAWA
Pl 6, figs. 29-34
1925. Staffella molleri OZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 6, pp. 19,
20, Pl II, fig. 9.
1938. Staffella molleri RAUSER-CERNOUSSOVA. Travaux 1’Inst. Geol. Acad. Sci. U.S.S. R., Tome
VII, pp. 104, 105, Pl II, fig. 12.

Staffella molleri OzawAa is rather large for the genus, and has subellipsoidal
shell, with depressed axial regions, rounded periphery and straight axis of coiling.
Mature specimen of six volutions is 0.95 mm long and 1.69 mm wide, giving a form
ratio of 0.56. The inner three to four volutions seem to be involute and the outer
two volutions become evolute with the umbilicate polar ends.

The proloculus seemingly is small and spherical, with an outside diameter of
87 to 148 microns, averaging 135 microns in three specimens. The shell expands
slowly and almost uniformly. Average radius vectors of the first to sixth volution
of four specimens are 145, 233, 346, 487, 651, and 781 microns, respectively. Those
of the first to fifth volution of the OzawA’s holotype* are 138, 214, 821, 462, and 643
microns, respectively. The chambers are highest above the tunnel, decreasing
only slightly toward the poles excepting for the umbilicate polar extremities.

The spirotheca is moderately thick, but the secondary mineralization destroyed
most minute spirothecal structures. In the illustrated axial section a diaphanotheca-
like light layer is partly seen in the outer volutions. The thickness of the
spirotheca in the first to sixth volution in four specimens averages 12, 16, 19, 24,
27, 27, and 29 microns, respectively. That of the first to fifth volution of the
holotype specimen is 19, 21, 27, 29, and 49 microns, respectively.

The septa are moderately thin. Their structure is also not determined with
certainty, but seemingly is of the same as the spirotheca. The septal counts of
the second to fourth volution in the illustrated sagittal section are approximately

* Although OzAwA did not designate the holotype specimen, he illustrated only one axial
section (section number II-90 in his collection). Therefore his figure (Plate II, fig. 9) should
naturally be the holotype.
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14, 15, and 18, respectively.

The tunnel is low and relatively narrow, with somewhat irregular path.
Average tunnel angles of the second to seventh volution in three specimens are
25, 21, 18, 16, 15, and 17 degrees, respectively. Those of the second to fourth
volution of the holotype specimen are 17, 18, and 24 degrees, respectively. The
chomata are low and highly asymmetrical, with steep tunnel sides and gentle
poleward slopes.

Table 26. Table of Measurements (in Millimeters) of Staffella molleri OZAWA

Radius vector

Speci- Loc Re. L. Ww. R. Prol
men No. 1 9 3 4 5 6
1} ozawa's JH-90 0.78 1.26 0.6 .120 .138 .214 .321 .462 .643

2

specimen  {(J-90 x 0.96 x .095 .086 .150 .240 .362 .491

3 452 1880 0.95 1.69 0.6 — 157 .231 .330 .475 .610 .781
4 452 1877 1.10 1.30 0.8 .158 .129 .230 .387? .510 .691
5 522 1631 — 1.20+ — 159 .172 .270 .390 .531
6 553 1641 x 0.92 x .087 .129 .200 .294 .430
Speci- Ratio of Hl./Rv. Thickness of spirotheca
menm. 4 2 38 4 5 6 0 1 2 3 4 5 6
1 0.7 0.9 0.8 0.7 0.7 — .019 .021 .027 .029 .049
2 .009 .011 .013 .021? .021 .028
3 0.7 0.7 0.7 0.6 0.6 0.6 —_ — .014 .019 .025 .027 .029
4 0.9 1.0 1.0 0.8 0.8 — —  .024 .025 .081
5 0.9 1.0 1.0 1.0 — — .013 .016 .023?
6 — - .012 .013 .016 .018 .026
Speci- Tunnel angle Septal count - .
men ° 8.
2 3 4 b 6 7 1 2 3 4
1 17 18 24 6 29
2 7 10 12 15 6 30
3 18 17 16 — 15 17 6 31
4 — — 19 16 6 32
5 31? 24 19 6 33
6 — 14? 15 18 6 34

Remarks.—Staffella molleri OZAWA is very rare in my collection, represented by
only several specimens, but all the characteristics observed in the present specimens
well agree with those of the holotype. As pointed out by Ozawa, Staffella molleri
resembles S. sphaerica v. MOLLER (non ABICH) [=S. moellerana THoMSON], but
differs from the latter in having smaller shell and less numerous septa. OzZAWA
also remarked that S. molleri somewhat resembles S. sphaeroidea (v. MOLLER) and
S. quadrata (DEPRAT) in the rate of expansion. However, S. sphaeroidea (v.
MOLLER) has more spherical form of the shell and S. quadrate (DEPRAT) is not
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congeneric with the present species, but belongs to the genus Pseudostaffella.

S. molleri Ozawa shows some resemblances to S. atokensis THOMPSON from
the lower part of the Atoka formation of Oklahoma and S. hollingsworthi THOMPSON
from the Boggy formation of Oklahoma, as once pointed out by THOMPSON (1935A).
However, these two American forms were referred to the genus Pseudostaffella
by the same author (1948).

At any rate, enough information for detailed specific comparison is not available
from the present material, and future study will be necessary.

Occurrence.—The 0zAwA’s holotype (section II-90 in his collection) came from the
southeast of Shibao (more exact locality is not known)., The present specimens
were collected from No. 6 limestone of Section VIA (Loe. 452) and from the Loc.
553, the southern slope of Managatake. The stratigraphical range of this species
is seemingly long, ranging from the Cmp to the PI5.

Subfamily SCHUBERTELLINAE SKINNER, 1931
Genus Schubertella STAFF and WEDEKIND, 1910
Schubertella kingi DUNBAR and SKINNER

Pl 7, figs. 1-8
1937. Schubertella kingi DUNBAR and SKINNER. Univ. Texas, Bull. 8701, pp. 610, 611, Pl. 45,
figs. 10-15.
1946. Schubertello kingi THOMPSON and WHEELER. Geol. Soc. Amer. Mem. 17, pp. 24, 25, P1. 8,
figs. 6-10.

1946. Schubertella kingi THOMPSON and HAzzArD. Ditto., pp. 40, 41, PL 10, figs. 1-9.

1954. Schubertella kingi THOMPSON. Univ. Kansas, Paleont. Contrib., Protozoa, Art. 5, pp. 83,
34, Pl 5, figs. 11-42; Pl. 7, figs. 11-13. v

1957. Schubertella kingi 1co. Sci. Repts. Tokyo Kyoiku Daigaku, Sec. C, Vol. 5, No. 47, pp.
192-194, Pl. 1V, fig. 9-15.

Schubertella kingi DUNBAR and SKINNER was originally described from the
Hueco limestone and the Wolfcamp formation of Mid-Continent region of North
America. THOMPSON (1954) recently redescribed the species in detail and clarified
that individual variations within the species are considerably great.

From widely separated localites in the Akiyoshi limestone group, I have obtained
numerous specimens of rather short obtuse form of Schubertella, along with few
specimens of slender one. The latter of which well agrees in all the essential
characters with Schubertella kingi originally deseribed by DUNBAR and SKINNER
from the Hueco limestone of Texas. Whereas the short form differs from the
slender one in the form ratio and the radius vectors of the successive volutions
with considerable degrees, and I (1954), therefore, distinguished this form from
the slender one as a new species, ‘‘Schubertella japonica n. sp.”’ in the strati-
graphical part of the geology of Akiyoshi which was published before I received
a copy of THOMPSON’s monograph on the American Wolfcampian fusulinids.
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THOMPSON pointed out that the American form of Schubertella kingt comprises
two groups of specimens with some slight difference, and that individual variations
within each group are as great as any consistent differences found between the
two groups. Both of the two groups contain both slender and short fusiform
specimens, although the group of specimens obtained from the Cottonwood lime-
stone and Florena shale of Kansas and the Coleman Junction limestone of Texas
is containing short fusiform specimens relatively more abundantly.

As most of the Akiyoshi specimens under consideration are almost identical
with the less slender form found in the two groups collected from Texas and
Kansas, they should be referred to the same species.

Schubertella kingi was so fully described and illustrated by DUNBAR and
SKINNER (1937) and THOMPSON (1954) that no further description is need on this
species, except for giving the statistical data of the Akiyoshi specimens.

Table 27. Table of Measurements (in Millimeters) of Schubertella kingi
DUNBAR and SKINNER

i ius vector Ratio of HL./Rv.
srﬂzﬂ' Loc. ﬁ% L. W. R. Prol Radias ° /
) 1 2 3 4 3 1 2 3 4
1 258 619 0.83 0.40 2.1 .050 .052 .080 .135 .120 1.5 1.8 2.3 2.1
2 258 620 0.74 0.43 1.7 .051 .050 .089 .141 .230 1.4 1.9 1.8 1.7
3  60BA 1689 0.89 0.38 2.3 .067? .043 .075 .111 .198 _ — — 2.3
4 100 2127 — 0.37 — .041 .050 .080 .111 .170 0.9 1.3 1.9 2.2
5 296 1404 0.88 0.36 2.5 .039 .032 .060 .096 .152 1.4 1.3 1.5 2.1
6 265 1516 x 0.49 x .051 .069 .129 .230
7 100 2122 x 0.50 x .040 .043 .072 .126 .187 .280
8 262 626 x 0.59 x .041 .042 .065 .103 .166 .310
Max. .0727 .077 .129 .230 .285 .310 1.5 1.9 2.8 2.7
Min. .039 .030 .050 .080 .120 .274 0.9 0.9 1.3 1.7
Aver {.023 .053 .088 .139 .196 .288 1.2 1.6 1.9 2.1
' 17 21 21 21 17 3 7 9 9 10
Speci- Thickness of spirotheca Tunnel angle Septal count PL fig.
men

1 2 3 4 b 2 3 4 1 2 3 4 b

1 — —  .016 .016 — 21 39 7 1
2 .008 .011 .014 .016 — 383 7 3
3 — —_ —  .015 — 26 7T 2
4 — — — .016 .018 — 277 7 4
5 — — .011 .014 .019 38 40 7 6
6 011 .011  .014 8 12 15 7 6
7 — — —  .011 .014 — 13 157 17 71
8 —  .009 .010 .014 .017 7 10?7 10 12 — 7 8
Max. .011 .016 .018 .027 .021 38 38 40 8 13 15 17
Min. .008 .007 .009 .011 .014 35 22 34 7 10 10 12
A {.010 010 .013 .016 .017 37 29 37 8 12 13 14 14
ver.
3 7 15 15 5 2 11 6 2 4 4 3 1
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Occurrence.—Schubertella kingi DUNBAR and SKINNER occurs in the following
localities: Nos. 14 and 16 limestones of Section I (Loec. 296 and 299, respectively),
Nos. 4, 7, and 8 limestones of Section IV (Loc. 717, 720, and 720A, respectively),
No. 8 limestone of Section V (Loc. 463), No. 3 limestone of Section VI (Loe. 449),
No. 2 limestone of Section X (Loec. 492), Nos. 2 and 3 limestones of Section XII
(Loc. 606A and 607, respetively), No. 8 limestone of Section XIV (Loe. 100), No. 1
limestone of Section XX (Loc. 265), Nos. 2 and 5 limestones of Section XXI (Loc.
258 and 262, respectively), No. 1 limestone of Section XXIII (Loe. 269), and Loec.
459, 553 and 619.

The stratigraphical range of Schubertella kingt DUNBAR and SKINNER is more

or less longer in the Akiyoshi limestone group than in Texas and Kansas, ranging
from the Pl@ to Pmp subzone.

Schubertella sp. A
Pl 7, figs. 9-11
Few specimens referable to the genus Schubertella have been obtained from
No. 3 limestone of Section XIV (Loe. 100) and Loe. 495 and 498, from which, how-
ever, enough information is not available for the specific description and comparison
with previously described forms. For the sake of completeness I am illustrating
few of them and giving their statistical data.

Table 28. Table of Measurements (in Millimeters) of Schubertella sp. A

. Radius vector Ratio of HI./Rv.
Speci-poc. R& L. W. R Prol
: 1 2 3 4 43 1 2 3 4 5
1 100 2122 0.79 0.40 2.0 — .043 .086 .144 .232 1.0 0.8 1.4 1.7
2 495 1120 1.23 0.47 2.7 .064 .061 .097 .143 .225 .248 1.1 1.2 2.0 2.4 2.6
3 495 1120 x 0.568 x — .050 .091 .134 .214
. Thickness of spirotheca Tunnel angle Septal count
Speci- Pl fig.
1 2 8 4 2 3 4 2 3 4
1 — —_ .014 .018 24 37 7 9
2 .008 .009 .013 .021 — — 417 7 10
3 .009 .010 .013 .018 11?7 14?7 187 7 11

Subfamily FUSULININAE RHUMBLER, 1895
Genus Quasifusulina CHEN, 1934
Quasifusulina sp. A
PL 19, figs. 12-17; Pl. 20, figs. 1-5

Only a few specimens here referred to Quasifusulina sp. A were obtained
from limestones of five scattered localities of the Akiyoshi limestone group.
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These specimens seem to represent an undescribed species. However, the present
materials are not sufficient to give a full description of this form. I briefly
describe this species and illustrate some of specimens studied.

The exact axial profile of the shell is unknown, because no well-oriented axial
section is available. However, one of the axial section (Pl. 19, fig. 14) is more than
3.5 mm in half length and 1.4 mm in width, giving a presumable form ratio of
4.3, and, therefore, the shell perhaps has elongate fusiform or subeylindrical form,
with more or less arcuate axis of coiling,

The proloculus is moderate for the size of the shell, with an outside dia-
meter of 164 to 408 microns, averaging 247 microns in eight specimens. The shell
very tightly coils in the first two volutions and the rate of expansion becomes
gradually rapid from the third volution to maturity. Average radius vectors of
the first to seventh volution for ten specimens are 168, 237, 848, 504, 665, 842, and
1,118 microns, respectively. The chambers seem to be almost the same in height
throughout the length of the shell except the polar extremities.

The spirotheca is very thin, consisting of a tectum and a lower light layer.
The keriotheecal structure is hardly observable in the lower, light layer of most
specimens, but it is at least discernible in some part of the outer volutions of
some specimens, although it is very faint and fine. Average thickness of the
spirotheca of the first to sixth volution of ten specimens is 14, 16, 21, 27, 34, and
34 microns, respectively. The proloculus wall is also very thin and structureless,
averaging 15 microns in thickness for five specimens.

The septa are very thin and numerous. In one of the illustrated sagittal
section (P1. 20, fig. 8) 12, 17, 21, 26, 34, 38, and 41 septa are counted in the first
to seventh volution, respectively. The true nature of the septal fluting is not
well understood, but the septa seemingly flute considerably intensely and regularly
throughout the length of the shell, forming chamberlets which are almost reach-
ing to the tops of the chambers.

The tunnel seems to be low and relatively wide, perhaps with an irregular
path. The tunnel angles are not measured exactly. The chomata seemingly are
absent, and may be very redimentary if present. In one tangential section con-
siderably heavy secondary deposits fill the chambers along the axial regions of the
outer volutions except in the last one.

Remarks.—Specimens of Quasifusulina sp. A have the slowest rate of expansion
among the species of Quasifusulina hitherto described, and may be referable to
an undescribed form of the genus,

As already pointed out by many workers of fusulinid forminifers, there are
different opinions in regard to the spirothecal structure of the genus Quasifusu-
lina, especially to the existence of alveolar structure in the spirotheca. So far as
the Akiyoshi specimens are concerned, the alveolar keriotheca is discernible at
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Table 29. Table of Measurements (in Millimeters) of Quasifusulina sp. A

Radius vector

Specimen ILoc. Rg.No. L. W. R. Prol
1 2 38 4 5 6 1
1 388 1414 5.84 1.72 3.4 .263 .205 .319 .445 .610 .850
2 320 1411 3.7+ 1.14 8.2 .184 .123 .184 .807 .491 —
3 787 1438  5.85+ 1.37 4.3+ -37¢x .278 .390 .540 .705
4 TI6A 1434 6.16+ 1.66 3.7 — — — .277 .400 .613 .810
5 718 1432 5.7+ 2.12 2.6+ .252 .178 .230 .326 .451 .628 .867 1.182
6 320 1411 x 116 x — — .162 .270 .475 .628
7 713 1433 x 1.9 x  .200+ .135 .205 .320 .433 .613 .820 1.058
8 716A 1435 x 1.65 x 208x .153 .218 .344 .528 .683 .880
9 716A 1434 x 153 x .208 .156 .242 .347 .475 .628 .830
Max. .408 .273 .390 .540 .705 .850 .880 1.165
Min. 154,128 .162 .270 .400 .613 .810 1.058
Aver, {:247 168 .237 348 .504 .665 .842 1.118
8 8 9 10 10 8 8 3
Ratio of HI./Rv. Thickness of spirotheca
Specimen
1 2 8 4 5 6 1 0 1 2 38 4 5 6 T
1 1.0 2.1 2.2 2.8 8.1 017 .017 .018 .029 .042 .052
2 2.9 3.6 3.4 8.1 .015 .014 .015 .027 .033
3 — — 4.7 4.6 4.9 .017 .015 .017 .018 .026
4 — — — — 4.8 43 —  —  — .021 .024 .039 .041
5 1.9 2.1 2.2 2.3 24 2.4 25 .013 .010 .013 .014 .023 .025 .037 .032
6 —  — .014 .018 .0227 .029?
7 — — .015 .022 .027 .029 .030 .029
8 013 — — 017 .026 — .027
9 — — .017 .021 .026 .027
Max. 2.9 3.9 4.7 4.6 4.9 4.3 017 .017 .018 .029 .042 .052 .041 .032
Min 1.9 2.1 2.2 2.3 2.4 2.4 .013 .010 .013 .014 .022 -025 .027 .029
Aver, [ 2:2 2.6 3.1 3.2 3.8 3.4 2.5 .05 .014 .016 .021 .027 .034 .034 .031
18 8 4 4 4 2 1 5 4 7 10 10 7 5 2
Tunnel angle Septal count
Specimen PL. fig.
1 2 3 4 5 1 2 38 4 5 6 7
1 25 — 271 3 28 19 12
2 . 19 13
3 16 22 3 45 19 14
4 — — 51?7 657 617 20 1
5 32 247 277 3B 32 20 2
6 — 167 217 277 19 186
7 12 17 21 26 34 38 41 20 3
8 187 227 257 287 20 4
9 e 20 5
Max 82 24 51?7 657 617 187 227 257 287
Min. 16 22 27 3% 28 12 167 21 26
Aver. {24 23 35 43 40 15 18 22 27 34 38 41
3 2 4 5 3 2 3 3 3 1 1 1
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least in some part of the outer volutions of some specimens. Therefore, it may
be concluded that the extreme fineness of alveoli and the thinness of the spirotheca
make difficult to observe them under the microscope, and that a slight difference
in the condition of the preservation and in the thickness of the section studied
may give rise to rather markedly different impressions on the spirothecal struec-
tures.

Further materials will be necessary before a definite specific assignment can
be made.

Occurrence.—As mentioned above Quasifusulina sp. A has been obtained from
five localities; No. 8 limestone of Section IV (Loe. 716A), No. 3 limestone of Section
VIII (Loc. 820), No. 4 limestone of Section XX (Loc. 338), and Loc. 713 and 787.
The stratigraphical range of this species is the Pla and PI5.

Subfamily SCHWAGERININAE DUNBAR and HENBEST, 1930
Genus Triticites GIRTY, 1904

Triticites suzukii (OZAWA)

Pl 7, figs. 12-23
1925, Schellwienta suzukit OZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XIV, Art. 6, pp.

43, 44, PL 1V, fig. 2.

~ The shell is inflated fusiform and small for the genus, with sharply pointed
polar ends, almost straight to convex lateral slopes, and straight axis of coiling.
Mature shells of five to five and a half volutions are 1.7 to 2.1 mm long and 0.7
to 0.9 mm wide, giving a form ratio of 2.2 to 2.4. The first volution is almost
spherical in shape; the following one to two volutions are short fusiform with
rounded poles, and those beyond the third or the fourth are inflated fusiform.
Averages of the ratios of the half length to the radius vector of the first to fifth
volution of five specimens are 1.4, 1.6, 1.9, 2.1, and 2.2, respectively.

The proloculus is small and spherical in shape. Its outside diameter measures
88 to 152 microns, averaging 117 microns for twelve specimens. The shell expands
slowly in the inner two or three volutions, but rapidly in the outer ones. Aver-
age radius vectors of the first to fifth volution of twelve specimens are 93,
188, 208, 809, and 440 microns, respectively. The heights of the chambers are
about the same throughout the shell, excepting in the extreme polar regions
where the chambers increase in height rapidly.

The spirotheca is moderately thick for a form of Triticites of this size. It
consists of a tectum and a keriotheca. The alveolar structure of the latter is,
however, hard to discern in the inner volutions of almost all the specimens and in
the outer volutions of some specimens. Average thickness of the spirotheca in
the first to fifth volution of ten specimens is 11, 19, 21, 33, and 42 microns, respec-
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Radius vector
Specimen Loc. Rg.No. L. W. R. Prol.
1 2 3 4 5
1* ozawa's [ II-26 0.90 0.58 1.7 .140  .118 .186 .284
2+ J specimen | J]_26 X 0.60 x L1200 .118  .195 .278
3 607 824 2.14 0.983 2.3 L1383 .100 .151 .210 .341 .520
4 607 825 1.99 0.91 2.2 .118 .098 .135 .210 .280 .410
5 607 827 1.96 0.85 2.3 162,104 158 .225 .850 .520
6 570A 800 1.66 0.69 2.4 .118  .083 .134 .200 .294 .411
7 607 826 X 0.83 X ;}g;‘x L1000 .150 .221 .360
8 607 823 X 0.87 x L1100 .100 152 .210 .320
9 BT0A 799 X 0.84 x .095  .084 .123 .190 .274 .460
10 570A 799 X 0.7 x L1170 .080  .110 172 .250 .361
Max. L1562 .107  .166 .225 .360 .520
Min. .088 .080 .110 .170 .250 .360
117 .098 .18 .203  .309  .440
Aver 12 12 12 12 12 9
Ratio of Hl./Rv. Thickness of spirotheca
Specimen
1 2 3 4 5 0 1 2 8 4 5
1* 1.6 1.9 1.8 011 .014 .014 .019
2% — .010 .018
3 1.2 15 21 2.8 22 .014 - .024 .033 .042  .056
4 — 1.4 1.6 1.8 2.1 — .011 .015 .022 032 .041
5 1.3 1.4 1.7 1.9 1.9 .012 .012 .016 .022 .032 .039
6 1.0 1.3 1.8 2.1 2.3 — .011 .014 .019 .032 .050
7 — — .019 .028 .047
8 — — .020 024 .036  .046
9 .012 .011 .016 .017 .024  .048
10 ) — .011 .012 .012 — .027
Max. 2.0 28 22 23 2.3 .014 .011 .024 .033  .047 .056
Min. 1.0 1.4 1.6 1.8 1.9 .012 .011 .012 .012 .018 .029
{ 1.4 1.6 1.9 2.1 2.1 .013 .011 .019 .021 .033 .042
Aver. £ 5 5 5 4 ) 3 8 10 9 8
Tunnel angle Septal count
Specimen Pl fig.
1 2 3 4 5 1 2 3 4 5
1* 28 33 37 7 22
2% 7 10 12 7 23
3 — 33 37 39 42 7 12
4 — 39 34 7 13
5 — 18 33 33 33 7 14
6 — 24 33 33 37 7 16
7 7 11 13 15 7 18
8 7 11 11 13 7 19
9 6 10 13 17 17 7 20
10 10 14 14 13 16 7 21
Max. — 31 39 39 42 10 14 14 17 20
Min. — 18 33 33 37 6 10 1 13 16
27 27 36 36 39 8 12 13 15 18
Aver. { 1 4 5 5 3 5 5 5 5 3

* The statistics of the specimens 1 and 2 is excluded from the averages.
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tively. The proloculus wall, which is seemingly composed of a single homogeneous
layer, is 12 to 14 microns, averaging 18 microns for four specimens.

The septa are relatively thick in comparison to the size of the shell. The
spirotheca seems to extend downward to form the septa with only slightly
diminishing thickness. The septa are almost straight in the central portion of
shell, and they are weakly fluted in the polar regions. Averages of the septal
counts of the first to fifth volution of five specimens are 8, 12, 13, 15, and 18,
respectively.

The tunnel is low and broad, and its path is almost straight. Averages of the
tunnel angles of the first to fifth volution of ten specimens are 27, 27, 36, 36, and
39 degrees, respectively. The chomata are well defined almost throughout the
shell. In the first volution of some specimen, however, the chomata are hard to
be discernible. They are about one-fourth to one-third as high as the chambers
in the inner volutions, but about half in the outer ones. The tunnel sides of the
chomata are relatively steep, but the poleward slopes are gentle, extending only
slightly to the poles.

Remarks.—Triticites suzukii (0zawa) was originally described from Kamiryo,
Ominé, Miné-shi. However, the OzawA’s original description is very brief and the
type specimen (Pl. IV, fig. 2, section II-26 in his collection) is not well-oriented.
The above description is, therefore, entirely based on the present collection.

The minute structures of the spirotheca of the original specimens are not
fully understood, because OzawA illustrated only two specimens—one is sagittal
and the other is axial (considerably diagonal), and I cannot find any other specimen
in his collection. Moreover, his specimens seem to be not fully grown shell, having
only three volutions. The spirotheca of the type specimen (right-below of fig. 2
of Plate IV) seemingly consists of a thin tectum and a thick lower layer in which
alveolar structure is hardly discernible.

The statistical data obtained from the present material show that the present
specimens are almost conspecific with the 0zawA’s original specimens, though the
latters are slightly rapid in the expansion of the shell.

Triticites suzukii somewhat resembles T, schwagerintformis RAUSER-CERNOUS-
sova deseribed from Samara Bend and Trans-Volga Region in the shell form, the
septal fluting and the rate of expansion, but it differs from the latter in having
less numerous volution, more or less larger size of the proloculus and less massive
chomata.

Triticites suzukit is also closely similar to 7. regularis var. chinensits CHEN
from the Chuanshan limestone of South China, but the former is distinguished
from the latter in nature and degrees of the septal fluting and less slender form.

This species also resembles T. primigenius RAUSER-CERNOUSSOVA, BELJAEV and
REITLINGER in some respects. Its proloculus is, however, larger in size, its septal
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fluting is slightly stronger in the axial regions, and its shell is more or less
slender in shape.

From the evolutionary points of view Triticites suzukii is considered to be
rather primitive in the genus Triticites. Nevertheless, it is beyond doubt that
it occurs in the base of the Permian part of the Akiyoshi limestone group. It
may, therefore, be a representative of offshoot of the persistent primitive member
of the group, or may be in the retrogressive trend of evolution.

Occurrence.—0zZAWA considered Triticites suzukit was the Upper Permian in age,
but there is no evidence to verify his contention. The present specimens occur
in the Pla and PlB subzones. It is obtained in the following localities : No. 5
limestone of Section III (Loec. 540), No. 3 limestone of Section XII (Loe. 607), No.
2 limestone of Section XIII (Loec. 570A), and Loec. 15.

Triticites tantula TORIYAMA, n. sp.
Pl 7, figs. 24-34

The shell of Triticites tantula TORIYAMA, n. sp. is small and inflated fusiform,
with almost straight axis of coiling, slightly irregular convex lateral slopes, and
bluntly pointed poles. Mature shell attains three to four volutions, and four and
a half volutions at the largest. The axial length is 1.3 to 2.2 mm and the median
width is 0.70 to 1.07 mm, giving a form ratio of 1.6 to 2.3. Average form ratio
of eleven specimens is 1.9. The first volution is almost spherical to ellipsoidal in
shape; the following one or two volutions are short fusiform with more or less
sharply pointed poles, and the outer volutions have very slightly extended poles.
Averages of the ratios of the half length to the radius veector of the first to
fourth volutions for fifteen specimens are 1.7, 1.9, 1.9, and 1.9, respectively.

The proloculus is spherical and large for the size of the shell. Ifs outside
diameter measures 124 to 252 microns, averaging 182 microns for thirty-one speci-
mens. The shell expands slowly in the first volution but uniformly and rather
rapidly from the second volution to maturity. Averages of the radius vector of
the first to fourth volution of thirty-one specimens are 146, 233, 360, and 5056 mic-
rons, respectively.

The spirothecal structure is typical of the genus, and the keriotheca with fine
alveoli is considerably thick for the size of the shell. About 7 alveoli are observ-
able in a distance of 100 microns in the fourth volution of the holotype specimen.
In some specimens, however, the minute structure of the spirotheca is hardly
observable. The proloculus wall, which seemingly consists of a single homogeneous
dense layer, measures 12 to 21 microns, averaging about 17 microns for seventeen
specimens. Average thickness of the spirotheca of the first to fourth volution for
twenty-five specimens is 18, 26, 36, and 48 microns, respectively.
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The septa are thin and moderately spaced. The pycnotheca is observable in
some of the septa of the outer volutions, but is hard to be distinguishable in the
others. Average septal counts of the first to fourth volution for nine specimens
are 8, 13, 17, and 16, respectively. Narrow septal fluting is confined to the
extreme polar regions, but more wide and irregular fluting extends to the maigins
of the tunnel.

The tunnel is narrow in the first volution, but expands in width beyond the
second volution. The path of the tunnel is almost straight. Averages of the

Table 31. Table of Measurements (in Millimeters) of T'riticites tantula TORIYAMA, n. sp.

Radius vector Ratio of HL./Rv.

Specimen Loc. Rg.No. L. W. R. Prol
1 2 3 4 1 2 3 4

1* 607 826 2.21 0.96 2.3 .186 .132 .220 .361 .520 1.7 2.1 2.2 2.8
2 570A 799 1.96 0.99 2.1 192 .136 .221 .340 .559 1.5 1.6 1.8 1.7
3 492 1115 1.58 0.73 2.2 .219 .144 .205 .307 .420 2.4 2.5 2.9
4 334 676 0.95 0.54 1.8 .156 .118 .182 .300 1.7 1.8 1.6
5 330 656 X 1.00 x .165 .119 .187 .353 .513
6 607 833 X 0.99 x 124 .116 .169 .288 .436
7 607 833 X 0.87 x .144 .107 .202 .307 .479
8 343 688 X 0.88 x .208  .200 .307 .460
9 570A 804 X 0.82? x .161 .146 .210 .31?
10 548 1186 X 0.90 x 184 153 .237 .377?
1 343 695 X 0.76 x .194 .180 .276 .371
Max. .252  .200 .307 .546 .670 2.4 2.5 2.9 7.8
Min. 124 107 .155 .262 .361 1.3 1.3 1.4 1.5
Aver. .182 146 .233 .360 .5056 1.7 1.9 1.9 1.9
31 31 31 29 13 14 15 15 6
Thickness of spirotheca Tunnel angle Septal count
Specimen Pl  fig.
0 1 2 3 4 1 2 3 4 1 2 3 4
1* .013 .016 .024 .047 .045 24 47 45 50 7T 24
2 017 .021 .029 .040 .062 34 32 36 7 25
3 .019 .015 .018 .045 24 22 7 26
4 .018 .018 .024 .028 26 29 7 21
5 .012 .014 .019 .024 .037 — 15 177 112 7T 28
6 .014 .014 .016 .030 .033 8 12 12+ 14+ T 29
7 — 015 .022 .037 .046 — 12 12 17 7 30
8 .018 .019 .027 .032 — 9 14 17 7 31
9 .016 .016 .019 .025 .040 7 11 127 157 7 32
10 .016 .014 .020 .032 — 9 15 21 7T 33
11 .0156 .014 .019 .020 .041 8 14 16 7 34
Max. .021 .028 .048 .061 .059 35 47 45 52 9 15 21 17
Min. .012 .013 .016 .024 .033 24 22 24?7 31 7 11 12 14
Aver. { 017 .018 .026 .036 .048 28 31 34 4 8 13 17 16
7 22 25 23 8 8 14 12 3 8 9 7T 2

* Holotype specimen



Geology of Akiyoshi 83

tunnel angles in the first to fourth volution of fourteen specimens are 29, 31, 34,
and 44 degrees, respectively. The chomata are narrow and relatively low. They
are about half as high as the chambers in the first two volutions, but about one-
third in the outer ones. The poleward slopes of the chomata are gentle in the
inner volutions, but become steep in the outer ones.

Remarks.—Triticites tantula TORIYAMA, n. sp. resembles T'. suzukit (OzAWA) some-
what closely. However, T. tantule has a larger proloculus, higher chambers for
the corresponding volutions, and more strongly fluted septa. In the shell of
Triticites suzukii the septal fluting is confined only to the polar extremities and
almost plane in the mid-portion, but in this species more wide and irregular
fluting extends to the margins of the tunnel.

Occurrence.—The stratigraphical occurrence of Triticites tantula TORIYAMA, n. sp.
is limited to the Pla and Pl3 subzones. It is known from the following localities:
No. 2 limestone of Section X (Loc. 492), No. 8 limestone of Section XII (Loe. 607),
Nos. 1 and 2 limestones of Section XIII (Loe. 570 and 570A, respectively), No. 2
limestone of Section XXII (Loc. 830), No. 4 limestone of Section XXIII (Loc. 272),
and Loe. 334, 368, 548, and 619.

Triticites isaensis TORIYAMA, n. sp.
Pl 7, figs. 35-50

The shell of Triticites isaensis TORIYAMA, n. sp. is small and inflated fusiform
with straight axis of coiling, convex lateral slopes and bluntly pointed poles.
Mature specimens of five volutions are 2.3 to 3.2mm long and 1.2 to 1.6 mm wide,
giving form ratios of 2.0 to 2.8. The shell is short in early volutions and becomes
slightly more highly elongate as maturity is approached. The ratios of the half
length to the radius vector of the first to fifth volution for twelve specimens are
1.9, 2.0, 2.2, 2.3, and 2.1, respectively.

The proloculus is small but moderate in relative size, with an outside diameter
of 98 to 258 microns, averaging 157 microns in thirty-nine specimens. The shell
tightly coils in the inner one and a half to two volutions and becomes more or less
rapid in the rate of expansion in the outer volutions. Average radius vectors of
the first to sixth volution for thirty-nine specimens are 129, 206, 327, 506, 672, and
794 microns, respectively. The chambers are almost the same in height in central
half to two-thirds of the shell and increase slightly toward the polar ends where
they are highest.

The spirotheca is typical of the genus in structure and is rather thick for
this size of the shell. Averages of the thickness of the spirotheca in the first to
fifth volution of twenty-six specimens -are 15, 21, 80, 44, and 56 microns, respec-
tively. Although fine alveoli can be seen distinetly in the outer volutions, they
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Table 32. Table of Measurements (in Millimeters) of Triticites isaensis TORIYAMA, n. sp.

. Radius vector
Specimen Loc. Rg.No. Pl. fig. L. Ww. R. Prol. 1 2 3 1 5 6

1* 607 828 7 8 3.17 1.40 2.3 .154 .110 .199 .261 .410 .610 .800
2 607 825 7 36 317 1.44 2.2 .190 .119 .210 .339 .519 .780
3 319 1063 7 37 2.40 1.16 2.1 .18 .120 .211 .340 .590
4 607 81 7 38 2.8 1.43 2.0 .116 .092 .127 .202 .307 .528
5 570A 804 7 39 262 1.3+ 2.0 .122 .095 .160 .300 .560 .761
6 607 828 7 40 240 1.15 2.1 -123x.100 .160 .259 .421 .610
7 547 797 7 41 231 1.07 2.2 .19 .153 .285 .430
8 B70A 798 7 42 x 1.81 x .180 .150 .230 .361 .607? .87?
9 444 TIT 7 43 x 172 x 1%x.120 .176 .281 .460 .73?
10 607 83 7 4 x 141 x .158 .129 .199 .294 .454 .690
11 607 828 7 4 x 1.56+ x .176 .139 .209 .331 .520 .730
12 570A 806 7 46 x  1.25+ x .120 .086 .123 .220 .363
13 607 824 7 41 x 112 x .176 .149 .211 .360 .520
14 44 720 7 48 x 116 x 144 111 .191 .310 .500
15 “44 79 7T 49 x  1.49 x  .107 .100 .189 .320 .570
Max.  .268 .200 .307 .507 .764 .990 .867
Min.  .098 .092 .123 .202 .307 .430 .710
Aver, { 167 .129 .206 .327 .506 .672 .794
1739 8 3 39 3 21 4
Specimen Thickness of spirotohca Ratio of HI./Rv.
P 0 1 2 4 4 &5 6 i1 2 38 4 5 6
T* .03 016 .017 .022 .040 .050 .063 2.3 2.2° 28 2.5 2.6
2 .013 .014 .024 .038 .047 .042 1.6 1.8 1.7 2.0 2.0
3 .014 .007 .021 .033 .037 2.3 25 25 21
4 — .014 .014 .026 .028 .047 2.1 2.3 24 25 21
5 — .017 .020 .032 .056 .076 1.2 1.4 1.8 — 1.8
6 — .04 .023 .033 .042 2.2 2.6 24 26
7 .015 .017 .021 .043 1.8 2.4 2.6
8 .016 .014 .029 .036 .067
9 —  .012 .024 .028 .047 .044
10 012 .014 .020 .030 .042 .046
11 .013 012 .021 .026 .041
12 .011 .010 .014 .029 .050
13 .013 .015 .016 .025 .034
14 .012 .013 .014 .024 .052
15 — .015 .016 .024 .034 .046
Max. 019 .021 .029 .043 .067 .086 2.3 2.6 2.6 2.6 2.6
Min. .011 .007 .014 .020 .028 .042 1.2 1.8 1.4 1.5 1.8
Aver. .014 .015 .021 .030 .044 .056 1.9 2.1 2.2 23 21 1.9
: 17 19 24 2 23 10 i 12 11 9 6 1
Specimen Tunnel angle Septal count
pec 1 2 8 4 &5 6 1 2 3 4 &
¥ - — — 3 8
2 — 20 30 35
3 27 82 32 31
4 — 24 25 28 34 33
5 20 30 32 29
6 — 3 31 81 31
7 27 25
8 7 18 15 23
9 6 11 11 14 16
10 g8 1 1 16 21
13 7 18 14 16
14 7 11 14 17
15 8 18 14 16
Max. 29 34 39 37 b 8§ 17 19 23 31
Min. 27 20 25 28 31 6 11 11 14 16
Aver. { 28 26 31 33 33 33 3 13 15 18 23
3 7 8 7 3 1 9 9 9 8 8 * Holotype specimen
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are not seen in the first two volutions of most specimens. The proloculus wall is
thin and seems to be composed of a single homogeneous layer, measuring 11 to 19
microns, and averaging 14 microns in seventeen specimens.

The septa are thin, rather closely spaced, and fluted almost throughout the
length of the shell. The septal fluting is however weak in the equatorial zone of
the shell where closed chamberlets do not extend to the top of the chambers.
Average septal counts of the first to fifth volution in nine specimens are 8, 13, 15,
18, and 28, respectively.

The tunnel is low and narrow in the inner two volutions and becomes gradully
wide in the succeeding ones. Average tunnel angles of the first to fifth volution
in eight specimens are 28, 26, 31, 33, and 33 degrees, respectively. The tnnnel
path is almost straight. The chomata are recognizable throughout the shell except
for the last volution of some specimens. They are asymmetrical in the first two
volutions with steep tunnel sides and gentle poleward slopes but become about
symmetrical in cross section in the outer volutions.

Remarks.—Triticites isaensis TORIYAMA, n. sp. is one of smaller forms of the genus
Triticites if not the smallest. The general features of the shell of this species
are, however, seemingly not representing the primitive stage but is in rather
progressive stage of the evolutionary development within the genus Triticites.
The magnitude of the septal fluting and of development of the chomata shows
that Triticites isaemsis n. sp. is one of the transitional form from the genus
Triticites to Schwagerina.

There is no species to which Triticites isaemsis n. sp. is comparable. This
species is somewhat unique, having small size of the shell and considerably intense
septal fluting.

Occurrence.—Triticites isaensis TORIYAMA, n. sp. occurs relatively abundantly in
the following localities: No. 4 limestone of Section IV (Loe. 717), No. 2 of Section
VIII (Loc. 319), No. 4 of Section IX (Loc. 520), No. 8 of Section XII (Loec. 607),
No. 2 of Section XIII (Loc. 570A) and several localities which do not belong to any
section (Loc. 62, 444, 456, 547, and 548). Triticites isaensis TORIYAMA, n. sp. is
restricted to the Pla subzone in the stratigraghical range, but it seemingly ranges
up to the PIB subzone.

Triticites cf. petschoricus RAUSER-CERNOUSSOVA,
BELJAEV and REITLINGER, 1936
Pl 8, figs. 1, 2

1986. Triticites petschoricus RAUSER-CERNOSSOVA, BELJAEV u. REITLINGER. Acad. Sci. U. S. S.
R., Transaction, Com. Polar Regions, Fasc. 28, pp. 188-190 (p. 235), Taf. II, fig. 14; Taf.
II1, figs. 8, 4.
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The specimens from No. 5 limestone of Section IV are considerably similar to
the holotype of Triticites petschoricus RAUSER-CERNOUSSOVA, BELJAEV and REIT-
LINGER from Petschoraland, western foot of Nothern Ural. Represented by only
three sections, one axial, one sagittal and one tangential, they are not enough for
the exact identification. Therefore I have tentatively identified them with this
species and described and illustrated the species for completeness’ sake. The
following description is based entirely on the Akiyoshi specimens.

The shell is elongate fusiform in shape, with straight axis of coiling, convex
to almost straight lateral slopes, and broadly rounded polar ends. The axial sec-
tion (Pl. 8, fig. 1) of three and a half volutions has a length of 4.8 mm and a
presumable width of 2.2 mm, giving a form ratio of 2.2.

The proloculus is large for the size of the shell, attaining an outside diameter
of 280 microns in the axial section and 312 microns in the sagittal section. The
shell expands rapidly from the first volution to maturity. The radius vectors of
the first to third volution of the axial section are 285, 475, and 816 microns,
respectively, and those of the first to fifth volution of the sagittal section are
273, 510, 980, 1,306, and 1,630 microns, respectively.

The spirotheca is thick and coarsely alveolar. However, alveoli cannot be
distinguished in the first volution as well as in the proloculus wall. The thickness
of the spirotheca of the first to fifth volution in the sagittal section measures 28,
49, 78, 18, and 86 microns, respectively. The proloculus wall of the same section
is 27 microns thick.

The septa are also thin, composed of the tectum and the pycnotheca. They
are plane in the middle portion of the shell, and are weakly fluting in the polar
regions, where they form broad septal loops in the axial section. The septal
counts of the first to fifth volution of the sagittal section are 9, 26, 27, 34, and
33?7, respectively.

The tunnel is broad throughout the growth, with almost straight path. The
chomata are developed in the first two volutions but do not oceur in the outer
ones. The tunnel angles of the first and second volutions are 87 and 84 degrees,
respectively.

Remarks.—The present specimens may probably be identified with Triticites
petschoricus RAUSER-CERNOUSSOVA, BELJAEV and REITLINGER, becuse they have all
the features characteristic to that species—broad spiral of the shell, large prolo-
culus, poorly developed chomata, and weakly fluted septa. However, the present
materials are so insufficient that I hold the identification as tentative until more
sufficient material becomes available.

Occurrence.—This species is collected only from No. 5 limestone of Section IV (Loc.
718), west of Ueyama, Akago, Mito-cho. Although it occurs with no species of
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fusulinids the stratigraphical age may be the Pla and P13 because No. 5 limestone
conformably overlies No. 4 limestone in which Pseudoschwagerine muongthensis
(DEPRAT), Triticites simplex (SCHELLWIEN), and 7. isaensis TORIYAMA, n. sp. occur,
and underlies the No. 6 limestone of the PI3 subzone.

Triticites noinskyi RAUSER-CERNOUSSOVA var. paula TORIYAMA, n. var.
Pl. 8, figs. 3-16

Compare :
1938. Triticites moinskyi RAUSER-CERNOUSSOVA. Travaux PInstitut géologique, Acad. Sci. U.
S. 8. R., Tome VII, pp. 109, 110 (p. 155), Pl III, figs. 5, 6.

The shell of Triticites noinskyi var. paula n. var. is rather small for the
genus, and is moderately inflated fusiform in shape. The lateral slopes are convex
to almost straight and very slightly concave in the outer parts of some specimens.
The axis of coiling is almost straight. Both the extremities are obtusely pointed.
The number of the volution is usually 5 or 6, very rarely 6% or 7. The shell of
six volutions is 3.2 to 4.6 mm long and 1.5 to 2.1 mm wide, giving a form ratio of
1.9 to 2.7. The shell maintains a closely similar shape throughout its growth
except in the first two volutions where it is subspherical to ellipsoidal in shape.
The ratios of the half length to the radius vector of the first to sixth volution in
fifteen specimens are 1.8, 1.9, 2.1, 2.2, 2.3, and 2.2, respectively.

The proloculus is spherical in shape and moderate in size for the size of the
shell. Its outside diameter measures 96 to 232 microns, averaging 166 microns for
thirty-eight specimens. The first one and a half to two, sometimes two and a
half, volutions tightly coil, followed by moderately rapidly expanding outer volu-
tions. Average radius vectors of the first to sixth volution in forty-two speci-
mens are 137, 214, 335, 516, 762, and 1,037 microns, respectively. The chambers are
nearly uniform in height in the central half to two-thirds of the shell and increase
slightly to moderately toward the polar ends of the outer volutions.

The spirotheca is thick and very finely alveolar. Alveoli are sometimes too
fine to observe. Averages of the thickness of the spirotheca of the first to sixth
volution of thirty-one specimens are 16, 23, 35, 52, 79, and 83 microns, respectively.
The proloculus wall is seemingly structureless, and is 10 to 24 microns thick,
averaging 17 microns in fourteen specimens.

The septa are rather closely spaced, and are composed of the downward deflec-
tion of the tectum and distinct pyenotheca. They are fluted almost to the tops
of the chambers in the polar extremities, forming many septal loops in the axial
sections, but the fluting gradually decreases in height toward the tunnels, where
it is weak at the base of the septa. Average septal counts in the first to sixth
volution of eleven specimens are 9, 15, 18, 21, 25, and 25, respectively.

The tunnel is narrow, with about straight path. Average tunnel angles of
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Table 83. Table of Measurements (in Millimeters) of Triticites noinskyi
RAUSER-CERNOUSSOVA. var. paula TORIYAMA, n. var.

. Radius vector
Specimen  Loc. Rg.No. L. Ww. R. Prol. I 2 3 1 5 R
1 257 612 3.9 1.9 2.2 .160 .121 .213 .292 .445 .700 .921
2 473 739 4.6? 1.84 2.5 ,188  .147 .224 .368 .592 .858 —
3 B71A 814 4.15 1.95 2.1 .123 .101 .135 .230 .365 .604 .960
4 103 101 4.25 1.55 2.7 .18 .145 .220 .881 .520 .775
5 103 105 4.6? 1.95 2.4 .152 .120 .210 .322 .510 .770 1.040
6 568B 1197 3.7+ 2.02 1.8+ .170 .120 .211 .307 .500 .745 1.120
7 571A 822 4.02 2.04 2.0 .142 123 .215 .377 .615 .966
8 547 791 x 1.8+ x 141 120 .187  .320 .522  .320
9 568B 1198 x  1.98 x  -172x 162 .254 .392 .592 .870
10 B71A 822 x 146 x .09  .089 .134 .230 .395 .644
1 473 740 x 1.93 x 202 .169 .276 .430 .644 .860
12 473 78 x 114 x .232  .178 .285 .467 .686 .843
13 103 109 x 1.65 x .186  .152 .241 .380 .582 .680
Max. 232  .178 .288 .470 .720 1.620 1.380
Min. .096  .088 .124 .204 .353 .560 .803
Aver. .16 .137 .214 .335 .516 .762 1.037
38 37 40 2 4 39 22
Speci Ratio of HI./Rv. Thickness of spirotheca
PeCImeR 453 4 5 6 0 1 2 3 4 5 6
1 1.7 1.6 2.0 1.8 1.9 2.0 .014 .019 .026 .037 .056 .090
2 21 2.4 25 24 2.7 .013 .016 .024 .040 .055 .060
3 1.9 2.4 2.0 26 26 24 010 — .014 .022 .041 .076 .099
4 — — 24 20 28 019 —  .024 .047 .070 .117
5 — 2.1 21 19 2.3 22 .021 .019 .024 .038 .047 .059 .073
6 1.3 1.5 2.1 2.2 23 20 — — .017 .032 .056 .085 .089
7 2.0 2.3 2.6 2.4 26 — .016 —  .039 .060 .081
8 — —  .024 .036 .041 .073
9 .016 .016 .025 .041 .044 .066
10 —  .011 .016 .022 .060 .O71
11 — = 017 .04 .072 .064
12 — 021 .03 .03 .066 .078
13 — .019 .028 .035 .051 .071
Max. 2.1 2.4 2.6 2.6 2.8 24 .024 .021 .033 .048 .080 .117 .117
Min. 1.8 1.5 1.4 1.6 1.7 2.0 .010 .011 .014 .018 .032 .050 .054
Aver, {18 1.9 21 22 23 22 .017 .016 .023 .035 .052 .079 .083
12 14 15 15 14 9 14 23 26 31 31 23 12
. Tunnel angle Septal count
Specimen — 55—~ 5§ 1 2 s 4 &5 ¢ I fe
1 34 33 — 39 B2 8 3
2 31 27 41 41 51 8 4
3 — 8? 32 3 36 36 8 6
4 437 — 43 43 44 8 7
5 — — 388 45 46 56 8 8
6 —  — 26 34 40 437 8 9
7 — 30 43 47 46 8 10
8 I 8 11
9 10 17 18 21 22 24 8 12
10 77 11?7 12?7 18 8 13
11 10 15 20 26 327 8 14
12 8 16 19 207 8 15
13 10 14 15 23 267 8 16
Max. 43 38 43 4 52 56 10 17 21 26 32 26
Min. 26 27 2 35 35 36 7T 11?12 18 22 24

34 33 37 40 43 46 9 16 18 21 25 2
Aver’{5711119510119863




Geology of Akiyoshi 89

the first to sixth volution in eleven specimens are 34, 33, 37, 40, 43, and 46 degrees,
respectively. The chomata are moderately developed throughout most of the shell,
but obscure or rudimentary in the ultimate volution of some specimens. They are
highly asymmetrical in cross section in the inner volutions, with steep tunnel-side
slopes and gentle poleward ones. In the outer volutions they are less asymmetri-
cal, and become even almost symmetrical in some specimens.

Remarks..—I have obtained from the Pla, Pl and Ply subzones of the Akiyoshi
limestone group numerous specimens of small and short form which are nearly
identical with, but slightly different from the holotype of Triticites moinskys
RAUSER-CERNOUSSOVA. The latter species was described from the I, horizone of
the ““ Upper Carboniferous’’ rocks of Samara Bend, which seemingly is considered
to be the Lower Permian in age. The only difference between the holotype (Pl
111, fig. 6) of Triticites moinskyi RAUSER-CERNOUSSOVA and the present variety is
less slender and smaller form of the shell of the latter.

This species most closely resembles a part of Triticites subobsoleta (OZAWA).
0zawa (1925) illustrated six specimens of that species as Pl. V, fig. 2, Pl. IX, figs.
2, 4, 52, 6, and 7, but did not designate the holotype. Some of them seemingly,
however, are not conspecific with others. Although the specimen* illustrated as
Pl V, fig. 2 was later referred by HuzimMoTo to Schwagerina parvula (SCHELL-
WIEN), it is most closely, if not conspecific, allied to the present species.

This species is somewhat similar to Triticites secalicus var. samarica RAUSER-
CERNOUSSOVA also from the I, horizon of Samara Bend, but can be distinguished
from the latter by its ellipsoidal shape of the shell with bluntly rounded poles.

Occurrence.—The stratigraphical oceurrence of this species is considerably long,
ranging from the Pla to Ply subzones, but is rather rare in the Pla subzone and
more common in the PIg and Ply subzones. The following localities are known;
No. 3 limestone of Section IX (Loc. 519), No. 11 limestone of Section X (Loc. 568B),
No. 2 limestone of Section XII (Loc. 606A), No. 4 limestone of Section XIII (Loc.
571A), No. 4 limestone of Section XIV (Loc. 103), No. 4 limestone of Section XVIII
(Loc. 814), No. 1 limestone of Section XXI (Loe. 257), No. 1 limestone of Section
XXIII (Loc. 269), and Loc. 473 and 547.

Triticites michiae TORIYAMA, n. sp.
Pl 8, figs. 17-23
The shell of Triticites michiae TORIYAMA, n. sp. is moderate in size and inflat-
ed fusiform, with straight axis of coiling, straight to convex lateral slopes, and
broadly pointed polar ends. The holotype specimen of six volutions is 5.15 mm long

* It is unfortunate that I have not been able to find this specimen in the OZAWA’s collection.
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and 2.41 mm wide, giving a form ratio of 2.1. Another specimen of six and a half
volutions is, though not well oriented, approximately 4.7mm? long and 2.1mm?
wide. The shell is almost the same in axial profile throughout its growth except
in the first volution which is short ellipsoidal in shape. Average ratios of the
half length to the radius vector of the first to sixth volution for three specimens,
including the holotype, are 1.5, 1.9, 2.1, 2.0, 1.9, and 2.0, respectively.

The proloculus is spherical in shape and is small for the size of the shell,
with an outside diameter of 138 to 210 microns, averaging 165 microns in twelve
specimens. The shell increases in height slowly in the first two or three volu-
tions but rapidly and almost uniformly in the outer ones. The ultimate volution
of mature specimens seemingly decreases in height slightly. Average radius
vectors of the first to sixth volution in twelve specimens are 142, 237, 382, 618,
922, and 1,122 microns, respectively. The chambers are almost the same in height
throughout the length of the shell, and become only slightly higher in the polar
ends of the outer volutions.

The spirotheca is remarkably thin for this genus, consisting of a tectum and
a well defined keriotheca. The alveoli of the keriotheca is moderately coarse, and
can be distinguished in all but the inner one or two volutions. 5 to 6 alveoli are
observed in a space of 100 microns in the spirotheca of the outer volutions.
Average thickness of the spirotheca in the first to sixth volution in twelve speci-
mens is 17, 25, 86, 56, 56, and 57 microns, respectively. The proloculus wall, which
is seemingly composed of a single homogeneous layer, is also thin, averaging 18
microns in thickness in four specimens.

The septa are also thin and moderately spaced. Averages of the septal counts
in the first to fifth volution of eight specimens are 9, 16, 20, 23, and 25, respec-
tively. The septa are composed of a downward deflection of the tectum and thin
pycnotheca, the latter of which is sometimes hard to distinguish. The septa are
only moderately fluted in the extreme polar regions and practically plane across
the central two-thirds to three-fourths of the shell.

The tunnel is narrow in the inner volutions but moderately wide in the outer
ones. The tunnel path is somewhat irregular, at least so in the holotype specimen.
Average tunnel angles of the second to sixth volution of three specimens are 27,
29, 33, 37, and 40 degrees, respectively. The chomata are well developed through-
out all except the last volution. They are asymmetrical, with steep to overhanging
tunnel sides and steep to gentle poleward slopes. The chomata are about one-
third to half as high as the chambers in outer volutions.

Remarks.—Because Triticites michiae TORIYAMA, n. sp. is rare in its occurrence
and I have not been able to obtain additional specimens, materials at my disposal
are not sufficient for the precise comparison. Seemingly, however, the relative
thinness of the spirotheca for the size of the shell of this form is remarkable, by



Geology of Akiyoshi 91
Table 84. Table of Measurements (in Millimeters) of Triticites michiae TORIYAMA, n. sp.
Radius vector
Specimen Loc. Rg.No. L. W. R. Prol.
1 2 8 4 5 6 7
1* 830 658 5.15 2.41 2.1 .168 .126 .230 .383 .641 .920 1.196
2 489 746 4.77 2.1?7 2.2 .149 .107 .156 .267 .466 .690 1.000 1.296
3 330 660 3.32 1.84¢ 1.8 .1388 .100 .158 .245 .392 .613 .867
4 330 657 X 2.27 x 172 .187 .307 .482 .760 1.071
5 330 665 X 2.70 x .187 .172 .307 .507 .852 1.251
6 330 655 P% 1.98 X .191  .166 .257 .883 .613 .920 1.098
7 489 746 X 2.4+ x  .209 .178 .307 .507 .828 1.24?
Max .210  .187 .307 .507 .852 1.261 1.470
Min. .138 100 .168 .245 .392 .613 .867
Aver { .165  .142 .237 .382 .618 .922 1.122 1.296
: 12 12 12 12 12 10 5 1
Ratio of Hl./Rv. Thickness of spirotheca
Specimen
1 2 3 4 5 6 0 1 2 3 4 b 6 7
1* 1.4 1.7 1.9 1.9 1.9 23 — .012 .036 .039 .064 .073 .051
2 1.6 2.1 2.1 2.1 2.0 1.9 —  .013 .017 .026 .032 .040 .062 .060
3 1.4 1.9 2.2 2.1 1.8 1.7 — .016 .022 .029 .043 .051 .059
4 — — .029 .056 .067 .032
5 — .017 .023 .039 .066 .074
6 .020 .017 .022 .046 .056 .056
7 .013 .019 .082 .039 .078
Max. 1.6 2.1 2.2 2.1 2.0 2.3 .026 .021 .036 .046 .073 .073 .062
Min. 1.4 1.7 1.9 1.9 1.8 1.7 .014 .011 .017 .026 .032 .032 .051
1.5 1.9 2.1 2.0 1.9 2.0 .018 .017 .025 .036 .056 .056 .057 .060
Aver. { 3 3 38 3 38 3 4 10 12 12 12 9 38 1
Tunnel angle Septal count
Specimen Pl fig.
2 3 4 5 6 1 2 3 4 5
1* 32 30 32 39 40 8 17
2 25 32 32 35 39 8 18
3 25 25 3¢ 37 8 19
4 9 19 24 24 30 8 20
5 10 15 17 21 23 8 21
6 9 15 19 22 23 8 22
7 12 17 24 28 8 23
Max. 32 32 34 39 40 12 19 24 28 30
Min. 25 25 32 35 39 8 14 17 19 20
Aver. { 27 29 33 37 40 9 16 20 23 25
3 3 3 3 2 8 8 8 8 5

* Holotype specimen

which it may be distinguished from the similar forms of the genus.
Triticites michiae n. sp. is closely similar to 7. subventricosus DUNBAR and
SKINNER from the basal Wolfcampian of Glass Mountains, Texas, but can be sepa-
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rated from the Texas form by less slender shape of the shell, a little smaller
proloculus, thinner spirotheca and less numerous septa. Another American species
of Triticites which bears some resemblance to the species under consideration is
T. confertus THOMPSON, which has very recently been described from the Wolf-
campian of Texas and Kansas, but the latter has smaller proloculus, more massive
chomata and thicker spirotheca than those of the former.

Triticites michige n. sp. somewhat resembles T. ozawai TORIYAMA, n. sp. in
the size of the shell, the weak fluting of the septa and the development of the
chomata, but differs from the latter in having less slender form and thinner
spirotheca of the present form.

The specific name is dedicated to Mrs. Michie ToriYAMA, who heartily helped
me in various ways during this study.

Occurrence.—Triticites michiae TORIYAMA, n. sp. is rare in the limestone of No.
2 of Section XXII (Loe. 330) and of Loc. 489. So far as known the stratigraphical
range of T. michiae TORIYAMA, n. sp. is restricted to the Pla subzone.

Triticites ozawai TORIYAMA, n. Sp.
Pl 8, fig. 24; Pl, 9, figs. 1-7
1927. Schellwienia montipara OZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 6,
pp- 40, 41, PL IX, fig. 1.

Because the specimens referred by 0zawA to Schellwienia montipara are
neither conspecific with Alveolina montipara EHRENBERG nor with Fusulina mon-
tipara MOLLER, I have ditingunished the OzawA’s montipara as a new species,
Triticites ozawai n. sp. The following description is based on the 0zawA’s type
specimen and several specimens collected by myself.

The shell of Triticites ozawai TORIYAMA, n. sp. is elongate fusiform in shape,
with straight axis of coiling, convex lateral slopes and bluntly rounded poles. The
number of the volution is 5 in most specimens, and rarely attains 5¢. The largest
specimen, the holotype, attains 5.3 mm in length and 2.4 mm in width, giving a
form ratio of 2.2. Other specimens of five to five and a half volutions are 4.1 to
4.8mm long and 1.8 to 2.2 mm wide, giving form ratios of 2.2 to 2.6. The first
one or two volutions have the short axis of coiling. Beyond the second or third
volution the axial ends become extended. Average ratios of the half length to
the radius vector of the first to fifth volution of eight specimens are 2.0, 2.1, 2.4,
2.4, and 2.4, respectively.

The proloculus is moderate in size, and 130 to 214 microns in outside diameter,
averaging 171 microns in thirteen specimens. The shell coils tightly in the first
one and a half to two volutions, and expands rather rapidly but uniformly in the
outer volutions. The radius vectors of the first to fifth volution of fifteen speci-
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Table 35. Table of Measurements (in Millimeters) of T'riticites ozawai TORIYAMA, n. sp.

Radius vector
Specimen Loe. Rg.No. L. w. R. Prol
1 2 3 4 5 6
1% QrawAs 180 5.30 2.40 2.2 .205 .150 .219 .369 .581 .860 1.260
2 263 635 4.80 1.88 2.6 .135 .110 .179 .291 .522 .810
3 263 640 411 1.82 2.3 .160 .189 .268 .409 .660 1.010
4 264 643 3.81 1.70 2.2 .176 .190 .299 .486 .740 1.029
5 539 762 4.72 197 6.4 .172 .129 .208 .383 .598 .921
6 330 661 3.90 1.70 2.3 :iggx .147  .240 .392 .662
7 539 763 X 1.82 x .2183 .181 .285 .452 .665 .963
8 263 636 X 1.5 x .130 .111 .172 .290 .480 .810
Max. 214 190 .299 486 .763 1.029 1.340
Min. 130 110 172 291 .480 .810 1.260
Aver. { 171 145 241 408 .658 .976 1.300
13 14 15 15 15 12 2
Ratio of Hl./Rv. Thickness of spirotheca
Specimen
1 2 3 4 5 6 0 1 2 3 4 5 6
1* 1.5 21 1.8 22 20 22 019 — .019 .050 .058 .070 .103
2 1.7 21 29 3.2 3.0 — .014 .014 .042 .047 .068
3 2.7 2.5 3.0 25 2.1 — .0307 .0407 .042 .075 .0857
4 - - - 2.3 019 .021 .022 .042 .070 .090
5 — 1.9 2.0 22 23 012  .012 .021 .025 .060 .049
6 1.6 2.2 2.3 2.7 .016 .020 .024 .041 .055
7 015 .011  .024 .027 .056 .069
8 .014 .014 .014 .024 .052 .085
Max. 27 2.5 3.0 382 3.0 .019 .0307 .040? .050 .078 .090
Min. 1.5 1.8 1.7 1.9 2.0 .012  .011 .014 .024 .036 .049
Aver { 2.0 2.1 24 24 24 2.2 .015 .016 .021 .034 .060 .074
' 4 6 7 8 4 1 9 12 14 14 14 11
Tunnel angle Septal count
Specimen PL fig.
1 2 3 4 5 1 2 3 4 5
1* — 20 43 50 56 8 24
2 — — 3 48 57 9 1
3 — 27 40 53 61 9 2
4 — 21 27 49 34 9 3
5 — 23 22 37 48 9 4
6 17 21 31 32 9 5
7 8 14 17 20 21 9 6
8 8 13 14 14 16 9 7
Max. 24 33 43 53 61 1 16 19 24 28
Min. 7 20 22 32 3 8 13 14 14 16
Aver. { 21 26 32 43 48 9 4 17 20 23
2 6 7 6 5 4 5 5 4 4

* Holotype specimen
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mens average 145, 241, 408, 658, and 976 microns, respectively. The chambers are
lowest above the tunnel and remain nearly the same in height throughout the
central half of the shell, increasing more or less rapidly toward the poles.

The spirotheca is typical for the genus, consisting of a tectum and a coarsely
alveolar keriotheca. About 4 alveoli can be observed in a distance of 100 microns
of the spirotheca of the ultimate volution. The spirotheca of the inner volutions
is rather thin, in which alveoli are somewhat indistinct. Average thickness of the
spirotheca of the first to fifth volution in fourteen specimens is 16, 21, 34, 60, and
74 miecrons, respectively.

The septe are thin and are composed of the downward deflection of the tectum
and well defined pycnotheca. They are almost plane throughout the middle portion
of the shell but are weakly fluted in the polar regions. Averages of the septal
counts in the first to fifth volution for five specimens are 9, 14, 17, 20, and 23,
respectively.

The tunnel is narrow in the inner two or three volutions and becomes wide
in the outer two or three volutions. Its path is almost straight. Average tunnel
angles of the first to fifth volution in seven specimens are 21. 26, 32, 43, and 48
degrees, respectively. The chomata are well defined throughout the shell except
for the last volution of some specimens. They are small and highly asymmetrical
in early volutions and become narrower and slightly to moderately asymmetrical
in the outer ones. They are about half as high as the chambers in almost all
the volutions.

Remarks.—As discussed in some detail by DUNBAR and SKINNER (1936) Alveolina
montipare EHRENBERG (1854) is not a species of T'riticites but belongs to the
genus Schwagerina, and all the species referred to Triticites montipara MOLLER
later than 1880, depending on MOLLER’s interpretation instead of a study of
EHRENBERG’S original material, are considered to have been misidentified.

Having found a species in the limestone of Kawanobori-mura, southern Kyushu,
which was considered by him to be conspecific with montipare of MOLLER, HUzI-
MOTO (1937) established a new specific name, Triticites kawanoboriensis, in which
0zawA’s Schellwienia montipare was also included.

However, 0zawa’s Schellwienia montipara, which is represented by only one
specimen (section I-80 in his collection, illustrated here as Pl. 8, fig. 24), is neither
conspecific with Triticites montipara MOLLER nor with T. kawanoboriensis Huzi-
MOTO. A new specific name is therefore required for the montipara of OzZAWA
and for forms found in the Akiyoshi limestone group which are identified with
0zawA’s montipara. 1 propose here Triticites ozawas n. sp. for this form.

Triticites ozawai TORIYAMA, n. sp. somewhat resembles T. whitei RAUSER-
CERNOUSSOVA, BELJAEV, and REITLINGER from Petschoraland of Northern Ural but
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is distinguished from the latter in having more slender form of the shell, some-
what stronger septal fluting in the polar regions and more rapid expansion of the
shell.

Triticites ozawai TORIYAMA, n. sp. is also similar with T. pygmaeus (DUNBAR
and CoNDRA) from the Glass Mountains, Texas. Compared with the latter, how-
ever, it has much less developed chomata, a little larger proloculus, and larger
radius vector for the corresponding volutions.

Occurrence.—So far as known the stratigraphical occurrence of Triticites ozawas
TORIYAMA, n. sp. is limited only to the lowest Permian fusulinid subzone (Pla).
0zAwA reported Schellwienia montipara from the Tombstone region on the Aki-
yoshi plateau, but he did not show the exact locality. In the present study Section
XXIV (Jigokudai) is located in the Tombstone region, but I have not been able to
find the species under consideration in and around Section XXIV.

My collection of Triticites ozawai TORIYAMA, n. sp. was collected from the
following localities: Nos. 2 and 3 limestones of Section III (Loc. 539 and 539A,
respectively), No. 8 limestone of Section VII (Loc. 441), Nos. 7 and 8 limestones of
Section XXI (Loe. 264 and 263, respectively), No. 2 limestone of Section XXII (Loc.
330), and Loec. 15.

Triticites simplex (SCHELLWIEN)
Pl 9, figs. 825

1908. Fusulina simplex SCHELLWIEN. Palaeontographica, Vol. LV, pp. 179-182, Pl. XVIII, figs.
4-6, 12.

1927. Schellwienia simplex LEE. Palaeontologia Sinica, Ser. B, Vol. IV, Fasec. 1, pp. 40-42, Pl
V, figs. 6-11, 13.

1934. Triticites simplex CHEN. Palaeontologia Sinica, Ser. B, Vol. IV, Fase. 2, pp. 24, 25, PL
I, figs. 16, 17, 21.

1936. Triticites simplex HuziMoTo. Sci. Repts. Tokyo Bunrika Daigaku, Sec. C, Vol. 1, No. 2,
pp. 48, 49, Pl. IV, figs. 1-6.

1938. Triticites simplex HuziMoTo. Japan. Jour. Geol. Geogr., Vol. XIV, pp. 119, 120, Pl. VIII,
figs. 9-17.

1938. Triticites simplex RAUSER-CERNOUSSOVA. Travaux D'Institut géologique, Acad, Sci. U. S.
8. R. Tome VII, pp. 111, 112, Pl. III, figs. 7, 8.

The shell of Triticites simplex (SCHELLWIEN) is typical fusiform in shape and
is of moderate size for the genus. Its lateral slopes are convex to almost straight
and become sometimes even slightly concave, especially so in the outer one or two
volutions. The polar ends are narrowly to moderately rounded. The axis of
coiling is almost straight in most of specimens but slightly arching in others.
Mature specimens of five to five and a half volutions are 8.4 to 5.7 mm long and
1.6 to 2.7 mm wide, giving form ratios of 1.7 to 2.9. The first volution is sub-
spherical to short ellipsoidal in shape, but the axis of coiling becomes extended
more or less slowly in the following two or three volutions and rapidly in the last



96 R. TORIYAMA

one or two volutions. Average ratios of the half length to the radius vector of
the first to fifth volution in thirty-six specimens are 1.7, 1.9, 2.1, 2.1, and 2.4,
respectively.

The proloculus is spherical in shape in most of specimens but subspherical in
some ones. It is of moderate size for this size of the shell. Its outside diameter
ranges from 140 to 810 microns, averaginé 228 microns in ninety-three specimens.
The first one and a half to two volutions are rather tightly coiled and in the
succeeding volutions the radius vectors increase moderately rapidly and uniformly.
The radius vectors of the first to fifth volution in ninety-eight specimens average
191, 304, 483, 737, and 1,019 microns, respectively. The chambers are lowest above
the tunnel and gradually increase in height toward the polar ends.

The spirotheca is rather thin for specimens of Triticites of this size. The
thickness of the spirotheca increases slowly but rather uniformly from the first
to fifth volution. Average thickness of the spirotheca in the first to fifth volution
of seventy-four specimens is 20, 29, 46, 63, and 71 microns, respectively. The
spirotheca consists of a tectum and a finely alveolar keriotheca. Alveoli are very
distinct in the outer volutions of most specimens but hard to be seen in the inner
volutions of some specimens. The proloculus wall is moderately thick, averaging
20 microns for fifty-four specimens. No distinct feature can be observed in it.

Table 36. Table of Measurements (in Millimeters) of Triticites simplex (SCHELLWIEN)

Radius vector
Specimen Loc. Rg.No. L. Ww. R. Prol

1 2 3 4 b 6

1 330 654 557 225 2.5 .22 .176 .310 .475 .736 1.052

2 330 656 5.36 1.88 2.9 .251 .211 .832 .518 .727 1.034

3 550A 1190 5.70  2.17 2.4 .208 .166 .230 .356 .530 .800

4 472 782 4.2 210 2.3 .206 .153 .230 .389 .631 .920

5 263 63¢ 5.20 2.3 2.2 .206 .200 .359 .570 .880 1.290

6 263 635 5.79 263 2.2 .250 .200 .361 .599 .920 1.289

7 257 614 5.1+ 199 2.6 .275 .219 .330 .491 .700 .971

8 263 636 4.9+ 2.17 2.3 .218 .167 .290 .470 .739 .891

9 45 724 4.1+ 195 2.1 .296 .236 .338 .507 .760 1.050

10 45 128 x 214 x .22+ .200 .330 .525 .788 1.200

1 259 1029 x 210 x  :1%8x .181 .301 .480 .741 1.010

12 263 640 x 1.7 x  290x .201 .381 .549 .919

13 263 638 x 169 x .20 .19? .289 .500 .810

14 257 612 x 172 x  .280 .191 .300 .441 .700 .920

16 257 617 x 1.9+ x  .310 .239 .349 .570 .890

16 259 1030 x 217 x  .26? .241 .369 .551 .88l

17 259 1029 x 2.04 x  .229 .259 .368 .530 .770 1.069

18 472 734 x 216 x .20 .170 .281 .520 .70? 1.010
Max. 310 .259 .410 .613 .993 1.290 1.337
Min. .40 1185 .180 .294 .491 .733 1.020
Aver. {228 191 304 .483 .737 1.019 1.212

93 97 98 98 95 65 4
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Ratio of HI./Rv. Thickness of 'spirotheca
Specimen
) 1 2 3 4 5 0 1 2 3 4 5
1 2.2 28 24 27 2717 019 .021 .034 .046 .051 .041
2 1.9 20 22 21 2.6 .018 .019 .025 .034 .066 .042
3 — 2.4 25 25 2.7 012 .015 .027 .049 .067
4 24 24 28 26 279 021 — .024 .024 .056 .080
53 1.3 1.2 1.5 1.6 1.8 .024  .020 .040 .057 .080 .098
6 1.8 2.2 2.0 2.1 2.3 .028 .019 .033 .058 .070 .080
7 1.2 1.8 21 2.2 23 .023 .033 .042 .061 .080 .080
8 — 2.2 1.9 2.2 2.5 .019 .024 .028 .057 .061
9 14 20 20 19 20 .019  .024 .027 .044 .079 .089
10 — .016 .027 .064 .073 .094
11 .018 .024 .035 .049 .066 .071
12 .021  .019 .033 .047 .070
13 .021  .019 .019 .047 .052
14 014 .024 .033 .037 .075 .089
15 .019 .028 .028 .061 .085
16 — — 037 .047 .0B8
17 020 —  .033 .047 .075 .076
18 019 .017  .021  .037 .040 .056
Max 2.4 2.4 2.8 2.9 2.8 .028  .033 .047 .064 .094 .108
Min 1.0 1.2 1.5 1.5 1.6 .010 .012 .019 .028 .039 .037
Aver { 1.7 1.9 2.1 2.1 2.4 .020 .020 .029 .046 .063 .071
28 34 36 36 26 54 b3 74 73 72 47
Tunnel angle Septal count
Specimen Pl fig.
1 2 3 4 5 1 2 3 4 5
1 21 22 31 42 4 9 8
2 24 26 27 39 9 9
3 22 31 34 9 10
4 — 26 29 88 47 9 11
5 — 22 25 31 4 9 12
6 18 20 20 29 36 9 13
7 23 23 26 38 — 9 14
8 — 25 40 40 9 15
9 — 22 383 31 9 16
10 9 16 16 19 22 9 17
11 8 13 16 20 20 9 18
12 1 14 13 16 9 19
13 9 18 18 20 9 20
14 1 20 25 28 25 9 21
16 11 22 27 28 9 22
16 1 23 23 24 9 23
17 10 19 18+ 21 24 9 24
18 6 14 15 20 22 9 25
Max. 27T 38 40 4 4 11 23 27 28 33
Min. 18 20 20 25 30 6 18 23 16 20
Aver 24 24 29 38 39 9 17 19 21 24
11 27 31 27 13 31 34 31 27 14

The septa are thin and closely spaced in the first one and a half to two volu-
tions, but farther apart in the succeeding volutions. The septal counts of the
first to fifth volution in thirty-four specimens average 9, 17, 19, 21, and 24, respec-
tively. The septal fluting is developed moderately throughout the shell at least
up to the margins of the tunnel. Adjacent to the tunnel, however, the fluting is
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very weak, confined only to the extreme lower margin of the septa. It is more
intense in the end zones of the shell where the tops of the septa are affected by
the fluting and many septal loops are seen in the axial profiles.

The tunnel is low and narrow in the earlier part of the shell, but. gradually
widens in the outer volutions. Its path is nearly straight but more or less irreg-
ular in some specimens. Average tunnel angles of the first to fifth volution in
thirty-one specimens are 24, 24, 29, 88, and 39 degrees, respectively. The chomata
are developed throughout the volutions. In the inner two or three volutions of
most specimens they are low and highly asymmetrical, with steep tunnel sides and
gentle poleward slopes, extending about half to one-fourth of the distance from
the tunnel to the polar extremities. In the succeeding volutions they become
narrow and less asymmetrical, having a height of about as half as the chambers.

Remarks.—Triticites simplexr (SCHELLWIEN) is one of the most prolific species
among the Akiyoshi fusulinids and the above description is entirely based on my
collection obtained from numerous localities on the Akiyoshi and Ofuku plateaux.

Triticites simplex (SCHELLWIEN) has often been reported by many workers
from the Lower Permian and Upper Pennsylvanian rocks of the Tethys Sea region.
It is also rather widely distributed in the Lower Permian and Upper Pennsylvanian
(Uralian) rocks in this country, but only few forms have been described and illus-
trated.

In his original description of Fusulina simplex illustrated SCHELLWIEN only
four specimens (Pl. XVIII, figs. 4-6, 12), one axial from C; of Donetz, one sagittal
from Middle Russland and two free specimens. Of which, fig. 6 seemingly is not
referable to this species, having much more slender shell than that of figs. 4 and
12. Although ScHELLWIEN did not designate the holotype, it is clear that fig. 4
of Pl. XVIII must be the type specimen of this species because of being only the
axial section in the original illustration.

The Akiyoshi form is almost identical with the SCHELLWIEN’s type specimen
in all the important characters of the shell except for that the latter has slightly
slower rate of the growth and slightly weaker septal fluting in the equatorial
region of the shell.

Huzimoro (1936) described and illustrated T. simplex from the Kwanto-massif,
but any of his specimens is not exactly well oriented, and is not suitable for
specific comparison. He (1937) also illustrated the same species from Kawanobori-
mura, Kyushu, but all of his specimens are clearly so much affected by later
deformation that they are not adequate for detailed discussion.

Triticites simplex (SCHELLWIEN) somewhat resembles T. haydeni (Ozawa), T.
petschoricus RAUSER-CERNOUSSOVA, BELJAEV and REITLINGER, and T. noinskyi,
RAUSER-CERNoUSS0VA var. paule n. var,, but is distinguished from these forms by
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its relatively massive chomata, degree of the septal fluting and somewhat rapid
expansion of the shell.

Triticites simplexr (SCHELLWIEN) was originally reported from the Schwager-
inen-schichten (Sakmarian or Wolfcampian) and the Cora-schichten (the upper part
of the Uralian s. str.) of Russia. In this country, since the discovery of the
Uralian formation in Central and Southwest Japan in 1952, many workers reported
the existence of the Uralian formation, in some of which the occurrence of T.
simplex and its allies has been considered to be a paleontological proof of the
Uralian age. However, at least in the Akiyoshi limestone group, T. simplex is
most prolific in the basal Permian, and the lower part of the Pla subzone com-
prises almost exclusively of species of Triticites. Therefore, an occurrence of T.
simplex and its allies does not necessarily mean the Uralian age of the formation.
In short, it must be careful to determine whether the limestone containing only
Triticites simplex and its allies is referable to Sakmarian (or Wolfcampian) or to
Uralian, and the strict and detailed paleontological consideration will be need for
the age-determination.

Occurrence.—Triticites simplex (SCHELLWIEN) was collected from the following
localities, some of which do not belong to any of Section described in Part I: Nos.
2, 8, and 4 limestones of Section IV (Loc. 716, 716A, and 717, respectively), No. 4
limestone of Section IX (Loe. 520), No. 4 limestone of Section XIV (Loec. 108), No.
2 limestone of Section XX (Loc. 343), Nos. 1, 8, 5, and 8 limestons of Section XXI
(Loc. 257, 259, 262, and 263, respectively), No. 2 limestone of Section XXII (Loe.
330), No. 4 limestone of Section XXIV (Loc. 550A), and Loc. 15, 251, 445, 446, 456,
467, and 472.

This species is characteristic to the lowest subzone (Pla) of the Permian part
of the Akiyoshi limestone group, but it ranges up into the P18 subzone, although
it is very few in occurrence.

Triticites haydeni (OZAWA)
Pl 10, figs. 1-9
1925. Schellwienia haydeni 0ZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 6, pp.
39, 40, Pl IX, figs. 8, 9.

0zawA described and illustrated Schellwienia haydeni from Ueyama (Uye-
yama), Akago, Mito-cho. Although I have not been able to find the species around
Ueyama, I have obtaind numerous specimens which are safely identified with the
OzawA’s type specimen (fig. 9 of PL IX, section II-87 in the Ozawa’s collection)
from the eastern flank of Managatake, Akago, the southwestern flank of Konokami-
yama, Isa-mashi, and other two localities. The following description is entirely
based on the present materials.
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The shell of Triticites haydeni (0zAwA) is of medium size and elongate fusi-
form, with convex to slightly concave lateral slopes, straight to slightly arching
axis of coiling, and narrowly rounded polar extremities. Mature shells of five to
six volutions are 4.0 to 6.1 mm long and 1.6 to 2.8 mm wide, giving form ratios of
2.4 to 8.3. The first volution is short, but the axis of the succeeding ones increases
in relative length rapidly. Average ratios of the half length to the radius vector
of the first to sixth volution of ten specimens are 1.5, 1.9, 2.0, 2.3, 2.6, and 2.6,
respectively.

The proloculus is small and spherical, with an outside diameter of 108 to 240
microns, averaging 193 microns for twenty-two specimens. The shell is tightly
coiled in the first two volutions, but expands rather rapidly in the outer ones.
Average radius vectors of the first to sixth volution for twenty-eight specimens
are 147, 230, 850, 545, 812, and 1,064 microns, respectively. The chambers are about
the same in height in the cenral half to two-thirds of the shell and increase
rapidly as the polar ends are approached.

The spirotheca is rather thin, consisting of a distinet tectum and a finely
alveolar keriotheca. Alveoli of the latter, however, cannot be seen in the inner
one or two volutions. Average thickness of the spirotheca in the first to sixth
volution of twenty-two specimens is 17, 23, 85, 55, 75, and 81 microns, respectively.
The proloculus wall, seemingly structureless, is rather thick, averaging 21 microns
in six specimens.

The septa are thin and moderately widely spaced. Average septal counts of
the first to fifth volution of five specimens are 8, 17, 20, 24, and 25, respectively.
The distinet pyenotheca is well observed almost throughout the volutions. The
septa are more or less strongly fluted in the end zones, but are almost plane or
very weakly fluted in the middle portion of the shell where the fluting does not
reach the tops of the septa.

The tunnel is low and narrow in the inner volutions but widens as the shell
grows. Its path is almost straight in some specimens but irregular in others.
Average tunnel angles of the first to fifth volution in eight specimens are 24, 29,
36, 41, and 45 degrees, respectively. The chomata are low and highly asymmetrical
in the inner three to four volutions but become moderately high and less asym-
metrical. ! They do not occur in the outer volutions of some specimens.

Remarks.—In his original description of Schellwienia haydent, Ozawa (1925) re-
marked the differences between S. prisca var. parvula SCHELLWIEN and the
species under consideration, expecting to find the intermediate forms between
them. The present species is undoubtedly distinguished from Schwagerina parvula
(SCHELLWIEN) in having more slender and larger shell, more weakly fluted septa
and the development of the chomata.

Although the present species is clearly an intermediate form from the genus
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Triticites to genus Schwagerina, and DUNBAR and SKINNER (1937) and DUNBAR and
HENBEST (1942) referred the present species to the genus Schwagerina, it seemingly

is more pertinent to refer it to the genus Triticites.

Table 37. Table of Measurements (in Millimeters) of Triticites haydeni (OZAWA)

Radius vector

Specimen  Loc. Rg.No. L. W. R. Prol
1 2 3 4 5 6
1* g;:c‘;",ﬁ; II-37 4.61 1.50 3.1 .155 .130 .202 .330 .537 .813
2 540 771 5.47 1.90 2.9 .203 .158 .236 .351 .500 .746 1.000
3 540 774 5.8 1.77 3.1 — J140  .262 409 .641  .935
4 543 1155 5.47 1.93 2.8 .161 .144 .218 .344 .574 .949 1.130
5 543 1152 5.3+ 2.15 2.5 .231 .170 .229 .313 .47?7 .791 1.116
6 540 770 X 2.04 x .156 .132 .195 .340 .650 .959
7 543 1153 X 2.30 x .210 .187 .282 .482 .736 1.080
Max. .240 .210 .320 .485 .736 1.080 1.200
Min. .108 .100 .156 .264 .395 .660 .920
Aver. {.193 .147  .230 .350 .545 .812 1.064
22 26 27 28 26 26 8
Ratio of HI./Rv. Thickness of spirotheca
Specimen
1 2 3 4 5 6 0 1 2 3 4 5 6
1* — — 23 2.7 3.0 012 015 .019 .032 .045 .044
2 1.0 1.7 1.7 19 27 32 .033 .021 .021 .040 .040 .056 .072
3 1.8 2.1 2.0 24 29 — 019 .024 .044 .049 .0T1
4 1.9 2.6 2.4 26 3.2 — 015 .025 .042 .076 .067
5 0.9 1.6 20 23 24 24 — .014  .015 .019 .043 .071 .072
6 — — .017  .030 .056 .071
7 018 .026 .029 .057 .076 .071
Max 1.9 2.6 2.4 2.8 3.2 3.2 .033 .026 .030 .057 .084 .103 .117
Min. 0.9 1.5 1.7 1.9 1.8 2.3 012 .009 .015 .019 .034 .043 .067
Aver. {1.5 1.9 2.0 23 2.6 2.6 .021 .017 .023 .035 .065 .075 .081
8 10 10 10 10 6 6 11 19 22 21 20 6
Tunnel angle Septal count
Specimen Pl fig.
1 2 3 4 5 1 2 3 4 5
1* 22 24 33 45 10 9
2 21 22 30 33 46 10 1
3 — 32 38 52 10 2
4 24 30 40 42 53 10 3
5 26 31 39 10 4
6 9 16 19 22 24 10 5
7 100 21 22 23 26 10 6
Max. 3 32 40 52 53 10 21 23 24 26
Min. 21 22 33 33 38 6 12 16 18 24
Aver { 24 29 36 41 45 8 17 20 24 25
: 5 8 8 7 4 5 5 4 4 3

* The statistics of the specimen 1 is excluded from the averages.
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All the characteristics observed in the present materials are well in accord
with those of the Ozawa’s type specimen (II-37 in the 0zAwA’s collection).

Occurrence.—Except the 0zawa’s report from the Akiyoshi limestone, Triticites
haydeni (0zawA) has never been reported in this country.

My collection of T. haydeni (OzAWA) was gathered from the following localities :
Nos. 5, 8, and 9 limestones of Section III (Loc. 540, 543, and 543A, respectively),
No. 1 limestone of Section XIII (Loe. 570), No. 4 limestone of Section XIV (Loc.
108), and Loec. 15.

Triticites biconica TORIYAMA, n. sp.
PL 10, figs. 10-25

The shell of Triticites biconica TORIYAMA, n. sp. is inflated fusiform in shape
and is rather small for the genus, with almost straight axis of coiling, convex
lateral slopes, and bluntly pointed poles. The number of the volution is usually 5
or 6, rarely 7 in some specimens. The shell of five to six volutions is 8.2 to 4.4
mm long and 1.1 to 2.3 mm wide, giving form ratios of 1.6 to 2.2. The first one or
two volutions are subspherical to short ellipsoidal in shape. As the shell grows
the axis of coiling becomes only slighty extended, resulting in almost the same
form ratio from the third volution to maturity. Average ratios of the half length
to the radius vector of the first to sixth volution in twelve specimens are 1.8, 1.8,
1.9, 2.0, 2.0, and 1.9, respectively.

The proloculus is small and spherical in shape, having an outside diameter of
82 to 196 microns and averaging 136 microns in thirty-two specimens. The shell
is tightly coiled in the first two volutions but rapidly and uniformly expands from
the third volution to maturity. Average radius vectors in the first to sixth volu-
tion of thirty-two specimens are 112, 177, 291, 489, 765, and 1,035 microns, respec-
tively. The chambers are almost uniform in height and increase only slightly
toward the polar area.

The spirotheca is typical for the genus, consisting of a tectum and rather a
coarsely alveolar keriotheca. In the first one and a half to two volutions of some
specimens alveoli of the keriotheca are hardly distinguished. Average thickness
of the spirotheca in the first to seventh volution of twenty-six specimens is 16,
19, 30, 49, 70, 67, and 81 microns, respectively. The proloculus wall is seemingly
composed of a single homogeneous layer, averaging 20 microns in thickness in ten
specimens.

The septa are rather thick and moderately spaced. They are composed of the
downward deflection of the tectum and the thick pyenotheca, the latter of which
is, however, very obscure or hard to observe. The septal fluting is very weak in
the tunnel area where it is mainly confined to the lower parts of the chambers.
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Table 38. Table of Measurements (in Millimeters) of Triticites biconica TORIYAMA, n. sp.

Radius vector

Specimen Loc. %% Pl fig. L. W. R. Prol
: 1 2 3 4 5 6 7
1 571A 811 10 10 3.70 1.93 1.9 .104 .107 .1756 .273 .448 .736 1.067
2 540 767 10 11 3.90 2.05 1.9 .121 .110 .163 .276 .460 .810 1.135
3* 540 777 10 12 4.4+ 2.35+ 1.9 112 .087 .122 .187 .300 .520 .860 1.170
4 540 769 10 13 3.88 2.0+ 1.9 .172 .123 .210 .309 .520 .780 .987
5 540 773 10 14 3.83 2.08 1.8 .165 .132 .181 .291 .462 .781 1.101
6 543A 1160 10 15 3.16 1.67 1.9 .095 .082 .130 .242 .480 .981
7 540A 784 10 16 3.45 1.63 2.1 .093 .078 .120 .201 .360 .710
8 b40A 78 10 20 x 2,06 x .176 .139 .249 .428 .767 1.029
9 540 767 10 21 x 2.38+ x .140 .139 .211 .320 .582 .951 1.260
10 57T1A 813 10 22 x 2,18 x .128 .101 .173 .307 .484 .831 1.160
11 540A. 786 10 23 x 2.22 x .122 .131 .219 .360 .609 1.010
12 B540A 785 10 24 x 2.0+ x .082 .074 .135 .284 .580 .990
Max. .196 153 .249 .475 .860 1.160 1.260 1.230
Min, .082 .074 .120 .187 .300 .520 .860 1.170
Aver { 136 .112 177 .291 .489 .765 1.085 1.200
32 31 32 32 32 30 16 2
Ratio of Hl./Rv. Thickness of spirotheca
Specimen
1 2 38 4 b5 6 7 0 1 2 3 4 5 6 7
1 1.8 1.9 2.1 2.3 1.9 1.8 — — 025 — .055 .088 —
2 1.5 1.8 1.8 1.7 1.6 1.8 — — .017 .031 .051 .073 .064
3% — 1.4 1.7 1.6 1.9 1.9 1.9 .015 — .011 .019 .021 .045 .061 .067
4 1.0 1.1 1.3 1.5 1.4 2.0 .022 .020 .026 .041 .047 .066
5 1.0 — 1.4 1.6 1.5 1.8 .021 .014 .017 .040 .080 .092 .087
6 1.3 — — 2.6 1.7 — —  .012 .022 .052 .097
7 1.2 1.8 2.4 2.7 24 — — .011 .016 .033 .039
8 027 —  .026 .036 .073 .065
9 027 —  .028 .037 .058 .07p .061
10 — .011 016 .028 .043 .094 .063
11 — .011 .018 .028 .057 .074
12 — .014 .020 .031 .041 .063
Max. 1.9 2.2 2.5 2,9 2.8 2.3 .027 .020 .028 .048 .072 .097 .087
Min. 1.0 1.1 1.3 1.6 1.4 1.8 L0183 .010 .009 .014 .021 .037 .052
Aver {1.3 1.8 1.9 2.0 2.0 1.9 1.9 .020 .016 .019 .030 .049 .070 .067 .081
: 9 9 11 12 11 8 1 10 12 24 24 26 24 11 2
Tunnel angle Septal count
Specimen
1 3 4 5 6 7 1 2 3 4 5 6
1 — 26 — 26 41 50?7
2 — 20 20 24 33 32
3* —_ — 21 23 30 38 40
4 —_ 21 32 32 34
5 — 22 23 29 32
6 — 25 3 33
7 — 80?7 32 3
8 7 14 15 19
9 K 13 18 22 23 25
10 7 12 15 21 23 29
11 — 127 17 19 23
12 6 13 14 18 23
Max. 30 32 33 42 50 8 17 20 22 23 29
Min. 18 21 23 30 32 6 10 13 16 17 25
Aver { 19 24 26 28 36 40 40 7 13 16 19 21 28
: 1 8 8 9 7 3 1 9 11 9 8 7 3

* Holotype specimen
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In some specimens the septa are almost plane in the middle portion of the shell.
In the polar areas of most specimens the septal fluting is well defined. Average
septal counts in the first to sixth volution of eleven specimens are 7, 13, 16, 19,
21, and 28, respectively.

The tunnel is narrow in the inner four volutions, increasing in width more or
less rapidly beyond the fifth volution. Average tunnel angles in the second to
sixth volution of nine specimens are 24, 26, 28, 86, and 40 degrees, respectively.
The chomata are well defined throughout all except the last volution of some
specimen. They are asymmetrical in cross section. The tunnel side slopes are
steep or even overhanging, but the poleward slopes are very gentle, extending to
near the poles in the inner volutions.

Remarks.—The above description is based on numerous specimens obtained from
Nos. 4, b, and 9 limestones of Section III along the eastern slope of Managatake
in the northeastern corner of the Akiyoshi plateau.

Triticites biconica n. sp. most closely resembles 7. kawanoboriensis HuzZIMOTO
from the Lower Permian limestone of Kawanobori-mura, Oita Prefecture, Southern
Kyushu. The latter species was set up by Huzimoro (1937) for the forms which had
long been erroneously identified with Alveolina montipara EHRENBERG by MOLLER
and the subsequent workers since 1874. However HuUzIMOTO’s original specimens
from Kawanobori-mura are not enough for detailed comparison, and he did not
designate the holotype. The size of the proloculus, the thickness of the spirotheca,
and the numbers of the septa of Triticites biconica n. sp. resemble those of T.
kawanoboriensis, but distinguished from the latter by its more inflated shell,
tightly coiled inner volutions, and more massive chomata. The shell of T. kawa-
noboriensis seemingly is more slender in shape, because axial sections illustrated
by Huzimoto (figs. 1 and 3 of Pl. VII) are not well oriented. Both the species are,
at any rate, very closely allied with each other, if not conspecific.

Among the American species of Triticites, T. confertus THOMPSON from Texas
and Kansas is similar to the present species in some respects, but can be distin-
guished by larger proloculus, less numerous volution, more rapid expansion of the
shell and less massive chomata of the present species.

Occurrence.—Triticites biconica TORIYAMA, n. sp. is abundant in the Pla and PIB
subzones of the Akiyoshi limestone group and seemingly ranges up into the lower
part of the Ply subzone. It was collected from the following localities : Nos. 4,
5, and 9 limestones of Section III (Loc. 540A, 540, and 543A, respectively), No. 4
limestone of Section XIII (Loc. 571A), and Loe. 445 and 619.
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Triticites obai TORIYAMA, n. sp.
Pl 11, figs. 1-7

The shell of Triticites obat TORIYAMA, n. sp. is typical fusiform, with bluntly
pointed poles, convex to almost straight lateral slopes, and straight axis of coiling.
Mature shells of five to six volutions are 8.4 to 4.7 mm long and 1.3 to 2.3 mm wide,
giving form ratios of 2.0 to 2.7. The shell is subspherical to ellipsoidal in the
early stage of the growth and the axis of coiling becomes gradually extended as
the shell grows. Average ratios of the half length to the radius vector of the
first to sixth volution in twelve specimens are 1.4, 1.9, 2.0, 2.2, 2.8, and 2.8, and
2.8, respectively.

The proloculus is spherical and minute, with outside diameters of 108 to 192
microns, averaging 158 microns in twenty-eight specimens. The shell expands
considerably slowly in the first two volutions but in the succeeding ones the rate
of expansion becomes rapid and almost uniform. Average radius vectors of the
first to sixth volution for twenty-eight specimens are 120, 189, 303, 465, 693, and
985 microns, respectively. The chambers are nearly uniform in height except in
the extreme polar ends where they become slightly higher.

The spirotheca is thin and finely alveolar. Alveoli are hardly observable in
the inner volutions of most specimens. Average thickness of the spirotheca in
the first to sixth volution for nineteen specimens is 16, 20, 29, 45, 60, and 68
microns, respectively. The proloculus wall is also thin, seemingly consisting of a
structureless single layer. Although it is difficult to measure its thickness exactly,
average thickness of the proloculus wall of six specimens is 15 microns.

The septa are rather thick and closely spaced, the base of which is composed
of the pycnotheca and the short downward deflection of the keriotheca. Average
septal counts of the first to sixth volution in eight specimens are 9, 14, 18, 20, 23,
and 26, respectively. In one specimen the seventh volution has 29 septa. The septal
fluting is strong for the genus. It extends to the tops of the chambers in the
polar regions but is confined to the lower half of the septa in the central portion
of the shell where closed chamberlets are formed about or a little more than half
as high as the chambers. The septa are almost plane at the tops of the chambers
above the tunnel.

The tunnel is low and narrow in the inner volutions and becomes gradually
wide in the outer ones. It path is almost straight in most if not all of the
specimens. Average tunnel angles of the first to sixth volution of twelve specimens
are 26, 25, 28, 31, 36, and 44 degrees, respectively. The chomata are asymmetrical
in cross section in the earlier volutions but symmetrical or slightly irregular in
the outer ones. They do not present in the last volution of some specimens.
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Table 39. Table of Measurements (in Millimeters) of Triticites obat TORIYAMA, n. sp.

. Radius vector
Spec-  1oe. RE L. W. R Prol
) 1 2 3 4 5 6 7

1* 343 690 4.29 1.82 2.4 .160 .132 .202 .304 .475 .712 .987
2 343 689 4.13 1.8¢ 2.3 .161 .138 .202 .322 .491 .736 .996
3 343 688 3.75 1.72 2.2 .140 .120 .166 .276 .392 .653 .890
4 343 690 4.61 2.25 2.1 .158 .150 .236 .353 .522 .810 1.098
5 343 694  x 2.0+ x .147 .126 .208 .350 .490 .681 .935
6 343 690 x 216 x .125 .107 .169 .294 .460 .660 .980 1.200
7 343 697 x 2.05 x 319x.184 .276 .414 .598 .880 1.208
Max.  .192 .153 .276 .414 .598 .880 1.208
Min. .108 .100 .153 .254 .392 .600 .840
Aver, {158 .120 .189 .303 .465 .693 .95
"1 28 28 28 28 28 25 13
Speci- Ratio of HI./Rv. Thickness of spirotheca
men 1 2 3 4 5 6 o 1 2 3 4 5 6 1
1* 1.4 1.8 1.9 2.0 2.0 2.3 — — — — .046 .056 .064
2 1.6 1.5 1.7 1.9 1.8 2.2 —  — — .022 .01 .077 .066
3 1.2 1.5 1.6 1.8 1.7 2.1  .012 .020 .027 .048 .072 .052
4 2.2 2.2 2.2 2.5 2.5 2.2 — .017 .019 .030 .065 .077 .084
5 — .016 .021 .030 .032 .062 .059
6 — — .015 .027 .046 .048 .066 .056
7 011 .017 .018 .034 .047 .094 .079
Max. 2.2 2.8 3.0 2.6 2.9 2.8 .019 .020 .027 .048 .072 .077 .084
Min. 1.2 1.5 1.6 1.8 1.7 2.1 .011 .011 .015 .019 .032 .036 .059
Aver {1.4 1.9 2.0 2.2 2.3 2.3 .0156 .016 .020 .029 .045 .060 .068
) 9 10 10 10 12 5 6 8 15 19 19 17 9
Speci- Tunnel angle Septal count Pl fig.
men 1 2 3 4 5 6 1 2 3 4 b5 6 1
1* — 25 80 32 36 547 1mw 1
2 — 18 25 28 37 32 11 2
3 — 34 30 28 36 42 11 3
4 26 23 31 33 43 1 4
5 ' 8 14 177 237 257 267 1 5
6 9 12 17 17 207 277 29?7 11 6
7 9 14 22 21 21 26 17
Max. 26 34 31 34 43 b4 9 16 22 23 25 27
Min. 25 16 21 27 81 82 7 12 17 17T 20 26
Aver. {26 25 28 31 36 44 9 14 18 20 23 26
2 11 1 12 9 4 7 8 8 8 4 3

* Holotype specimen.

Remarks.—Triticites obai TORIYAMA, n. sp. somewhat resembles 7. paraarcticus
RAUSER-CERNOUSSOVA from Samara Bend but differs from the latter in having
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smaller size and less elongate form of the shell, weaker septal fluting, and more
distinet chomata.

T. obai n. sp. also resembles 7. parvula (SCHELLWIEN) in some respects.
SCHELLWIEN gave a very brief deseription and illustrated only two specimens of
that form from which sufficient information is not available for the specific com-
parison. However, T. parvula seemingly is more slender in form, and its chomata
are less distinct, especially so in the outer volutions. The present specimens are
almost identical with a part of Schellwienia subobsoleta Ozawa (1925, Pl. V, fig.
2), which was later referred by HuzimoTto (1936) to Pseudofusulina parvula.

T. obai n. sp. is somewhat similar to T. vicforicensis DUNBAR and SKINNER
from Texas in some features, but they are easily separable by the following dif-
ferences: T. victorioensis is more slender in form and has more numerous volu-
tions at maturity. It has also much more massive and distinct chomata throughout
the growth of the shell,

The name of this species is dedicated to Mr. Seiu OBA of Akiyoshi, Shuho-cho,
who kindly helped me during my field work.

Occurrence.—T'riticites obai TORIYAMA, n. sp. is one of the characteristic species in
the Pla subzone, but ranges upward into the overlying subzone although its
oceurrence becomes rather rare. The following localities are known: Nos. 4 and
5 limestones of Section III (Loc. 540A and Loe. 540, respectively), No. 8 limestone
of Section XII (Loc. 607), No. 2 limestone of Section XX (Loc. 343), No. 3 limestone
of Section XXII (Loe. 881), No. 8 limestone of Section XXIV (Loe. 550A), No. b
limestone of Section XXVII (Loe. 791), and Loc. 368.

Triticites kawanoboriensis HUZIMOTO
Pl 11, figs. 8-13
1987. Triticites kawanoboriensis HuziMOTO. Japan. Jour. Geol. Geogr., Vol. XVII, pp. 118, 119,
Pl. VII, figs. 1-7.

Huzimoto (1987) established Triticites kawanoboriensis for forms which had
long been misidentified by MGOLLER and later workers to Alveolina montipare
EHRENBERG. The latter is, as discussed in some detail by DUNBAR and SKINNER
(1936), not a species of Triticites but belongs to the genus Schwagerina.

Although HuziMoTo0’s original specimens are insufficient for the precise com-
parison and not well oriented, I have obtained a considerable number of forms
which are referred to T. kawanoboriensis HuziMoro. The following description
is entirely based on my collection from the Akiyoshi limestone group.

The shell of Triticites kawanoboriensis HUZIMOTO is of medium size for the
genus and is inflated fusiform in shape, with convex to slightly irregular lateral
slopes, nearly straight axis of coiling, and narrowly rounded poles. Mature shells
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of five to six volutions are 4.2 to 5.2 mm long and 1.8 to 2.4 mm wide, giving form
ratios of 1.8 to 2.4. The shell gradually increases in relative length from the first
volution of subspherical to ellipsoidal shape to the last one of inflated fusiform.
Average ratios of the half length to the radius vector of the first to sixth volu-
tion in seven specimens are 1.5, 1.7, 1.7, 1.8, 2.0, and 1.8, respectively.

The proloculus is of medium size for the sell of this size, with outside diameters
of 104 to 220 microns, averaging 156 microns for fifteen specimens. The rate of
the growth is slow in the first two volutions but becomes rapid from the third
volution and slightly decreases again in the last volution of some specimens.
Average radius vectors of the first to sixth volution for eighteen specimens are
131, 224, 374, 593, 766, and 1,070 microns, respectively. The chambers are nearly
the same in height almost throughout the length of the inner volutions and in
the central half of the outer ones but gradually increase in height towards the
palar ends in the outer volutions.

The spirotheea is typical for the genus, consisting of a tectum and a coarsely
alveolar keriotheca. In the inner one or two volutions, however, minute structure
of the spirotheca cannot be seen as well as in the proloculus wall which seems to
be structureless. Average thickness of the spirotheca of the first to sixth volu-
tion in fifteen specimens is 17, 80, 54, 57, 74, and 83 microns, respectively. The
proloculus wall is 12 to 20 microns in thickness, averaging 17 microns in six
specimens.

The septa are relatively thin and moderately spaced. Average septal counts
of the first to fifth volution of six specimens are 8, 14, 17, 21, and 23, respectively.
The pycnotheca is hardly discernible in the inner volutions but distinctly developed
in the outer ones. The septa are nearly plane or slightly fluted in the equatorial
zone of the shell where the fluting is restricted to the lower margins of the septa.
They are, however, fluted throughout most of their height in the polar regions.

The tunnel is narrow in the inner three to four volutions and becomes more
or less broad in the outer ones. Its path is almost straight throughout the shell.
Averages of the tunnel angles in the second to fifth volution of four specimens
are 27, 86, 34, and 83 degrees, respectively. The chomata are well developed
throughout most of the shell except in the ultimate volution of some specimens.
They are highly asymmetrical in inner two volutions but become less asymmetrical
in the outer volutions where they are about half as high as the chambers.

Remarks.—Although HuziMoro proposed a new specific name Triticites kawa-
noboriensis for the forms referred to “Fusulina montipara’’ by MOLLER and the
subsequent authors, and for his form collected from Kawanobori-mura*, Kyushu,

* Combined with the adjoining villages, Kawanobori-mura was raised to Notsu-machi, Ono-
gun by the law stated in the foot-notes of page 12.
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Table 40. Table of Measurements (in Millimeters) of Triticites kawanoboriensis HUZIMOTO

Speci- e, R L. W. R. ProL Radius vector
: 1 2 3 4 5 6
1 570 1202 5.2+ 2.19 2.4 .12? .130 .191 .290 .501  .840
2 103 101 5.7+ 2.25 2.5 .160 .111 .200 .302 .471  .700 1.001
3 473 736 4.2+ 2.23 1.9+ .192 .190 .306 .480 .791 1.11+
4 570 1206 x 1.80 x .149 .121 .175 .290 .480 .775
5 570 1207 x 2.07 x .146 .139 .280 .461 .719 1.130
6 570 1207 x 1.84 x .192 .180 .289 .510 .830
Max.  .220 .190 .307 .543 .830 1.130 1.260
Min. 104 070 .142 .228 .380  .564  .920
Aver {.156 81 224 .374 593 .766 1.070
- 1U15  18 18 18 18 15 9
Speci- Ratio of Hl./Rv. Thickness of spirotheca
men 1 2 3 4 5 6 0 1 2 3 4 5 6
1 — — 1.6 1.8 2.0 —  —  — .025 .040 .052 .092
2 — — 1.9 2.0 2.1 019 — .028 .038 .052 .066 .085
3 — 1.4 1.8 1.8 1.9 — .018 .030 .054 .089
4 012 — .018 .033 .051 .082
5 — .019 .033 .046 .047 .101
6 020 .018 .025 .057 .075
Max 1.6 2.2 2.0 2.0 2.2 1.9 .020 .019 .041 .057 .075 -101 .106
Min. 1.6 1.4 1.5 1.5 1.8 1.7 .012 .014 .018 .025 .040 .050 .067
Aver 1.5 1.7 1.7 1.8 2.0 1.8 .017 .017 .030 .054 .057 .074 .083
: {2 5 7 17 6 2 6 8 14 15 15 12 8
Speci- Tunnel angle Septal count Pl fig."
men 1 2 8 4 6 1 2 38 4 b
1 — — 8 34 35 18
2 — — 3 8 35 11 9
3 28 30 45 34 11 10
4 7 13 13 17 18 11 1
5 7 15 19 24 29 112
6 — 14 20 238 1 13
Max. — 30 45 35 35 9 15 20 24 29
Min. — 24 24 3 3 .7 12 18 17 18
Aver {28 27 3 34 33 8 14 17 21 23
: i 2 4 3 3 5 6 6 65 3

his specimens seemingly are neither conspecific with Fusulina montipara MOLLER

nor with Schellwienia montipara OZAWA.

It seems, therefore, better to restrict

the name ‘‘ kawamnoboriensis’ to only the form collected from Kawanobori-mura.
The Akiyoshi specimens of kawanoboriensis well agree with those of Kawa-

nobori-mura in all the essential characters.

‘As HuziMoTo did not designate the holotype specimen in his original descrip-
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tion of the species I here designate Pl. VII, fig. 2 as the lectotype of this species,
although it is not a fully grown shell.

Occurrence.—Triticites kawanoboriensis HuziMoTO is common in the No. 1 lime-
stone of Section XIII (Loc. 570) and Loc. 334 and 453. It also occurs in No. 4
limestone of Section XIV (Loe. 103), although it is very rare. The stratigraphical
range of this species is restricted to the Pla and Pl subzones, and it is more
common in the latter.

Triticites arctica (SCHELLWIEN)
Pl 11, figs. 14-25

1908. Fusulina arctica SCHELLWIEN. Palaeontographica Bd. LV, p. 173, PL. XVI, figs. 8-9.

1910. Fusulina arctica STAFF u. WEDEKIND. Upsala Univ. Geol. Inst., Bull. Vol. 10, Nos. 19—
20, pp. 115-118, figs. 4-6.

1927. Schellwienia arctica LEE. Palaeontologia Sinica, Ser. B, Vol. IV, Fase. 1, pp. 52-55, Pl
VIII, figs. 1-7.

1937. Schwagerina arctica LEE. Geol. Soc. China, Bull., Vol. XVI, pp. 96, 97 {Not illustrated].

1938. Triticites arcticus RAUSER-CERNOUSSOVA. Travaux D'Institut géologique Acad. Seci. U.S.
S.R., Tome VII, pp. 115, 116, Pl IV, figs. 5, 6.

The shell of Triticites arctica (SCHELLWIEN) is small and fusiform, with pointed
polar ends, convex to slightly irregular lateral slopes at maturity and almost
straight axis of coiling. Mature specimens of four and a half to six volutions
attain 3.3 to 4.8mm in length and 1.5 to 2.1 mm in width, giving form ratios of
2.2 to 8.0. The first volution is spherical to subspherical in shape, but in the sue-
ceeding ones the axis of coiling becomes rapidly extended. The average ratios of
the half length to the radius vectors of the first to fifth volution in five specimens
are 1.4, 1.8, 2.2, 2.5, and 2.5, respectively.

The proloculus is small but is medium in relative size for this size of the shell.
It is spherical in shape, having outside diameters of 166 to 240 microns and aver-
aging 206 microns in twenty specimens. The shell increases in width slowely in
the inner one to one and a half volutions and then becomes rapidly expanded, but
reduced again in the last volution. Averages of radius vectors of the first to
sixth volution in twenty specimens are 173, 285, 437, 652, 958, and 1,140 microns,
respectively. The chambers are uniform in height in central half of the shell but
increase in height toward the polar ends of the outer volutions.

The spirotheca is typical for the genus, consisting of a tectum and rather a
finely alveolar keriotheca. It increases in thickness moderately throughout the
growth of the shell. Averages of the thickness in the first to sixth volution of
fourteen specimens are 20, 32, 46, 64, 76, and 84 microns, respectively. The prolo-
culus wall is thin, the minute structure of which is hardly observable. The
thickness in six specimens averages approximately 19 microns.

The septa are thin and composed of thin pycnotheca. They are strongly fluted
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Table 41. Table of Measurements (in Millimeters) of Triticites arctica (SCHELLWIEN)

111

Rg.

Radius vector

Speci- L
0C. L. Ww. R. Prol.
men No, 1 2 3 4 5 6
1 257 616 4.45 1.70 2.6 .200 .189 .300 .441 .630 1.057
2 298 647 4.3+ 1.7+ 2.5 .206 .152 .241 .370 .560 .85l
3 480 1107 4.82 1.88 2.6 .226 .216 .356 .52 .817
4 273 1037 4.1+ 1.50 2.7 .20 .191 .310 .519 .720
5 318 1050 4.70 1.57 8.0 .201 .170 .285 .401 .723
6 258 618 x 2.28 x .26 .165 .311 .470 .680  .961 1.290
7 299 650 x 1.9+ x 218 210 .369 .550 .810 1.100
8 258 618 x 1.60 x .206 .165 .291 .420 .610  .810
9 273 1041 x 1.97 x .167 .190 .260 .400 .600  .901
Max. .240 .215 .370 .552 .810 1.100 1.320
Min. .166  .125 .200 .310 .410 .701  .810
.206 .173 .285 .437 .62  .958 1.140
Aver. { 20 20 20 20 2 1l 3
Speci- Ratio of Hl./Rv. Thickness of spirotheca
men 1 2 8 4 b 0 1 2 3 4 5 6
1 1.0 1.5 2.4 26 2.3 .019 .023 .042 .047 .061
2 1.7 1.8 2.0 2.3 2.6 .015 .015 .033 .042 .056 .075
3 — — — 26 28 — .019 .034 .039 .107
4 1.4 2.1 2.4 2.8 .020 .0238 .028 .066 .06
5 — 1.9 23 1.9 — .025 .039 .045 .055 .105
6 — 014 — .047 .066 .075 .06l
7 026 .024 - .034 .052 .066 .089
8 .012  .019 .037 .052 .075 .070
9 — 014 .028 .040 .047 .061
Max. 1.7 2.1 2.4 2.8 2.8 .026 .025 .042 .066 .097 .107 .098
Min. 1.0 1.5 1.8 1.9 2.2 .012 .014 .019 .028 .047 .061 .06l
Aver {1.4 1.8 2.2 2.5 2.5 .019 .020 .032 .046 .064 .076 .084
. 4 b5 5 b5 4 6 11 12 4 13 9 3
Speci- Tunnel angle Septal count PL fie.
men 1 2 3 4 5 1 2 38 4 5 &
1 22 27 32 30 11 14
2 — 24 20 22 2 11 15
3 26 2 21 22 11 16
4 — 28 40 48 117
5 32 32 31 11 18
6 5?7 13?7 21 22 2 28 11 21
7 8 12 18 24 25 11 22
8 8 13 16 18 11 28
9 7T 12?7 197 19 23 11 2
Max. 32 32 40 48 3 11 17 25 30. 26 28
Min. 22 21 2 22 2 57 12 16 18 23 28
26 26 28 32 30 8 14 19 283 25 28
Aver. 4 6 6 6 8 7 7 7 7 4 2
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in the extreme polar regions, but toward the center of shell the fluting becomes
restricted to the base of the septa and almost plane above the tunnel. Average
septal counts of the first to sixth volution in seven specimens are 8, 14, 19, 23, 25,
and 28, respectively.

The tunnel is low and narrow in the first one or two volutions and becomes
wide in the succeeding ones. Average tunnel angles of the first to fifth volution
in four specimens are 26, 26, 28, 32, and 30 degrees, respectively. The chomata
are present throughout the growth except for the last volution of some speci-
mens. They are low and highly asymmetrical in the inner volutions, with steep
to almost vertical tunnel sides and gentle poleward slopes, but in the outer volu-
tions they are nearly symmetrical, being semi-circular shape in cross section.

Remarks.—In his original description of ‘Fusulina arctica,”” SCHELLWIEN dis-
tinguished the megalospheric form (Pl. XVI, figs. 38, 4, 5, and 9) and the micro-
spheric form (Pl. XVI, figs. 6, 7, and 8). They seem, however, not to be the
representatives in the dimorphism, but are only showing variation among individuals,
because, as discussed by DUNBAR, SKINNER and KING (1935), microspheric form of
a species of fusulinid has much smaller proloculus of a different order, more
numerous volutions in juvenarium, and is very rare in occurrence.

The Akiyoshi specimens considerably well agree with SCHELLWIEN’s ‘‘micro-
spheric’’ form, except for having smaller proloculus. Moreover, they mostly well
agree with T. arctica described by RAUSER-CERNOUSSOVA (1938) from the I, horizon
(seemingly Lower Permian) of Samara Bend in all the essential characters.

LEE (1927) described this species from the Yaoku and Kushi limestones of Shansi,
North China. However, as discussed by him in detail, the Chinese form has thicker
shell, stronger septal folding and very heavy axial fillings in the inner volutions
and no chomata throughout the shell, and is not conspecific with the Spitzbergen’s
original form.

LEE intended, therefore, to propose a new specific name ‘‘ sinoarctica’ for his
Chinese form, although he did not do so because of insufficiency of his materials.
The Akiyoshi specimens are seemingly not conspecific with the Chinese form.

Occurrence.—Triticites arctica (SCHELLWIEN) is common in the Pla and PIS sub-
zones, and has been found in the following localities: No. 16 limestone of Section
I (Loe. 298), No. 1 limestone of Section VIII (Loec. 318), No. 5 limestone of Section
XVIII (Loc. 313), Nos. 1 and 2 limestones of Section XXI (Loe. 257 and 258, re-
spectively), No. 6 limestone of Section XXIII (Loc. 273), and Loe. 299 and 480.
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Triticites kuroiwaensis TORIYAMA, n. sp. ‘
Pl. 12, figs. 1-12

Triticites kuroiwaensis TORIYAMA, n. sp. has a small inflated fusiform shell of
four to six and a half volutions which is 1.9 to 4.0 mm long and 1.0 to 2.1 mm
wide, giving form ratios of 1.5 to 2.1. It has almost straight to uniformly convex
lateral slope, straight axis of coiling and the bluntly pointed poles. The general
shape of the shell remains closely similar throughout its growth except for the
first volution which is subspherical in shape. Average ratios of the half length
to the radius vector of the first to sixth volution in eighteen specimens are 1.5,
1.7, 1.8, 1.9, 1.9, and 2.1, respectively.

The proloculus is small, but is medium for the size of the shell. Its outside
diameter ranges from 124 to 246 microns, averaging 178 microns for fifty specimens.
The shell expands considerably slowly in the first two to two and a half volutions,
but rather rapidly in the succeeding outer ones. Average radius vectors of the
first to sixth volution for fifty-three specimens are 148, 238, 852, 559, 789, and
1,020 microns, respectively. The chambers are about the same in height across
the central two-thirds of the shell and become slightly higher in the polar regions.

The spirotheca is very thin in the early stage of the growth but increases in
thickness rapidly toward maturity. It is rather coarsely alveolar, alveoli of which
are distinct in the outer volutions but obscure or hardly observable in the inner
ones. Averages of the thickness in the first to sixth volution for thirty-six speci-
mens are 18, 23, 42, 58, 71, and 78 microns, respectively. The proloculus wall is
also very thin, consisting of a single homogeneous layer. The thickness of the
proloculus wall averages 16 microns in twenty-five specimens.

The septa are thin and rather closely spaced. They are fluted almost thrpugh—
out their length. The fluting extends completely to the tops of the septa in the
polar ends and is slightly developed in the middle portion of the shell. Distinct
pycnotheca can be observable in the outer volutions. Average septal counts of the
first to fifth volution in seventeen specimens are 9, 14, 18, 19, and 28, respectively.

The tunnel is narrow in the inner volutions and becomes very slightly wide
in the outer ones. It is about half or slightly less than half as high as the
chambers, The tunnel angles in the first to fifth volution of sixteen specimens
average 26, 28, 28, 29, and 37 degrees, respectively. The chomata are developed
throughout the growth except in the ultimate volution of most specimens. They
have steep to almost vertical tunnel sides and much lower poleward slopes. Im-
mediately adjacent to the tunnel of the inner two volutions, the secondary deposits
extend up the septa and along the lower surface of the spirotheca so as to leave
only small semi-circular lateral openings at the top of the chambers, '
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Table 42. Table of Measurements (in Millimeters) of Triticites kuroiwaensis
TORIYAMA, n. sp.

Speci- 150, I%g' . R. Prol Radius vector
fmen 0 1 2 3 4 5 6

£
=

1* 262 624 3.95 1.96 2.1 .18 .151 .258 .409 .591 .8%0 1.070
2 551 1194 4.37 1.97 2.37 .197 .141 .257 .424 .668 .935
3 273 1037 3.82 1.80 2.1 — .189 .260 .440 .698 .998
4 607A 1211  — 170 — .172 .150 .241 .391 .601 .832
5 570A 803 2.63 1.88 1.9 .140?7 — .231 .320 .550 .77l
6 262 625 2.57 1.81 2.0 .190 .165 .257 .380 .586
7 456 1088 1.88 1.11 1.6 .180 .147 .245 .362 .506
-8 262 621 x 1.20 x .160 .151 .241 .360 .560
9 262 622 x 171 x  c18x .122 (191 .295 .481 .742  .930
10 570 1208 x 1.4 x .13 .130 .219 .359 .550 .850 1.092
11 570 1203 x 1.58 x  .167 .121 .249 .390 .598 .92?
12 262 630 x 1.8 x  .196 .150 .261 .44 .696
Max.  .246 .240 380 .540 .800 .989 1.210
Min.  .124 .091 .140 .288 .370 .551  .780
Aver, [-178 .148 .238 352 .569 .789 1.020
© UB0 52 52 B8 52 37 12
Speci- Ratio of HI/Rv. Thickness of spirotheca
mmen 1 2 38 4 5 6 0 1 2 38 4 5 8
1* 2.2 1.8 2.0 25 22 015 —  — .030 — .06l
2 2.3 2.4 27 24 21 —  — .027T .049 .065 .059
3 1.2 1.6 1.7 1.9 2.0 — .024 .037 .065 .075 .094
4 —_— = = = = .015 .018 .018 .051 .072 .049
5 1.3 2.2 1.9 1.9 1.7 — — .016 .022 .039
6 1.3 1.4 1.7 1.7 — .017 .021 .032 .065
7 14 14 1.6 15 012 —  — 042
8 — .012 .019 .028 .047
9 .014 .016 .019 .037 .066 .085
10 014 — 028 .047 .054 .105
11 .015 .016 .027 — .064 .065
12 — .017 .019 .049 .059
Max. 2.4 24 27 25 22 2.1 .020 .033 .057 .065 .080 .106 .107
Min. 1.0 1.2 1.3 1.5 1.6 2.0 .012 .011 .015 .022 .032 .048 .054
Aver. {1.5 1.7 1.8 1.9 1.9 2.1 .016 .018 .023 .042 .058 .071 .078
’ 14 17 18 17 12 2 25 26 35 36 34 28 8
Speci- Tunnel angle Septal count
en Pl fig.
1 2 8 4 & 1 2 38 4 &5 6
1* 27 22 23 22 12 1
2 — 25 381 2T 29 12 2
3 — — 38 8 85 12 3
4 - = = = = 12 4
5 — — 33 36 48 12 5
6 28 24 34 3 12 6
7 2 -~ 24 28 12 7
8 10 16 17 19 12 8
9 8 12 15 18 19 2 9
10 - 9 12 17 24 12 10
i1 8 18 17 22 23 12 11
12 9 18 15 18 12 12
Max. 28 30 34 36 b1 0 19 25 27 %%
Min. 22 2 20 21 29 79 12 17 19
Aver 26 28 28 29 87 9 14 18 19 23 25
T 11 1 16 7 s 17 17 13 6 1

* Holotype specimen.
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Remarks.—The general shell shape, the relative size of the proloculus, and the
rate of expansion of Triticites kuroiwaensis TORIYAMA, n. sp. resemble those of T.
petschoricus var. brevis RAUSER-CERNOUSSOVA, BELJAEV and REITLINGER from Pet-
schoraland, northern Ural. The former is, however, distinguished from the latter
in its more strongly fluted septa and less massive chomata.

Triticites kuroiwaensis n. sp. also resembles 7. obai TORIYAMA, n. sp. in some
respects, but differs from the latter in having more inflated form, smaller prolo-
culus, thicker spirotheca, and more rapid expansion of the shell. However, these
two species seem to have close relationship with each other.

Triticites confertus THOMPSON recently described from the Wolfeampian rocks
of Colorado, Texas and Kansas is somewhat similar to the species under considera-
tion in the general shell shape and the relative size of the shell, but 7. confertus
has more numerous volutions, relatively thicker spirotheca, less strongly fluted
septa and more massive and distinet chomata than those of T. kurotwaensis.

Along with its allied forms, Triticites kuroiwaensis n. sp. seemingly is transi-
tional in development between the genera Triticites and Schwagerina in the stock
of the subfamily Schwagerininae.

Occurrence.—Triticites kuroiwaensis TORIYAMA, n. sp. is fairly abundant in the
basal two subzones, Pla and P13 of the Permian part of the Akiyoshi limestone
group, but more common in the latter. It is found in the following localities:
No. 4 limestone of Section XII (Loc. 607A), Nos. 1 and 2 limestones of Section
XIII (Loc. 570 and 570A, respectively), No. 3 limestone of Section XVIII (Loec. 815),
No. 5 limestone of Section XXI (Loc. 262), Nos. 2 and 5 limestones of Section
XXIII (Loe. 270 and 273, respectively), No. 2 limestone of Section XXIV (Loc. 551),
and Loc. 251, 442, and 456.

Triticites ellipsoidalis TORIYAMA, n. sp.
Pl 12, figs. 13-34

The shell of Triticites ellipsoidalis TORIYAMA, n. sp. is of medium size and is
ellipsoidal to subcylindrical form, with flat or very slightly depressed median por-
tion, convex lateral slopes and almost straight to very slightly arched axis of coil-
ing. The volution numbers 6 or 7 in most specimens but rarely 8 in some.
The specimens of five to seven volutions are 2.5 to 4.2mm long and 1.0 to 1.7mm
wide, giving a form ratio of 2.0 to 3.8. The first volution is ellipsoidal in shape,
and beyond the second volution the axis of coiling becomes extended rather slowly,
and the chambers also become inflated rather slowly, resulting in that the form
ratio.is almost uniform during the growth. Average ratios of the half length to
the radius vector of the first to seventh volution for twenty-four specimens are
2.1, 2.6, 2.7, 2.7, 2.8, 2.6, and 2.4, respectively.
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The proloculus is of medium for the size of the shell. Its outside diameter
measures 94 to 214 microns, averaging 140 microns for thirty-three specimens.
In some specimens the proloculus is not completely spherical but ellipsoidal in
shape. The shell expands slowly and almost uniformly except for the outer two
or three volutions where the chambers increase in height considerably rapidly.
Average radius vectors of the first to eighth volution for forty-one specimens
are 99, 146, 211, 301, 425, 551, 689, and 793 microns, respectively. The chambers
are lowest in height in the central portion of the shell, and they increase in
height only slightly toward the axial regions of the shell.

The spirotheca is considerably thick in the outer volutions where it is finely
alveolar. However, it is too thin to measure accurately in the inner one or two
volutions. Average thickness of the spirotheca in the first to seventh volution of
thirty-six specimens is 10, 18, 16, 21, 81, 42, and 49 microns, respectively. The
proloculus wall of most specimens is also too thin for exact measurements. How-
ever, the proloculus wall has an approximate thickness of 6 to 13 microns, averag-
ing 10 microns in twenty specimens.

The septa are moderately thick. The spirotheca seemingly extends downward
to form the septa with rapidly diminishing thickness. The septa are almost plane
across the middle portion of the shell. They are fluted in the polar regions but

Table 43. Table of Measurements (in Millimeters) of Triticites ellipsoidalis
TORIYAMA, n. Sp.

3 Radius vector
Spech-1oc. RS- PI fig. L. W. R. Prol
: 1 2 3 4 65 6 7 8

1* 613 910 12 13 4.23 1.50 2.8 .151 .110 .156 .230 .307 .442 .613 .748

2 613 920 12 15 3.65 1.18 3.0 -337x.090 .135 .196 .267 .387 .5T4

3 613 88 12 16 3.62 1.17 3.1 -153x.109 .163 .229 .321 .460 .61l

4 613 908 12 17 3.81 1.56 2.4 -927x.074 .126 .199 .285 .430 .613 .821

5 613 870 12 18 38.54 1.01 3.5 .128 .092 .125 .181 .260 .351 .520

6 613 909 12 19 3.54 1.07?7 3.3 .125 .092 .132 .170 .250 .369 .48?

7 613 897 12 20 4.23 1.17 3.6 — .086 .141 .209 .289 .410 .610

'8 613 909 12 21 2.47 0.80 3.1 — — .113 .172 .249 .335

9 613 873 12 23 2.90 1.23 2.4 .164 .112 .151 .201 .316 .401 .546 .628

10 613 906 12 24 x 1.57 x :195x.095 .144 .211 .294 .418 .589 .791

11 613 894 12 26 x 1.54 x -98%x.081 .107 .152 .214 .308 .440 .601 .740

12 613 894 12 26 x 1.20 x -71%9x.094 ..131 .187 .271 .381 .537 .634

13 613 894 12 27 x 1.34 x -122x.091 .128 — .284 .450 .520 .630

14 613 875 12 28 x 1.18 x .119 .081 .113 .165 .233 .330 .458 .595

15 621003 12 32 x 1.70 x -130x.113 .176 .244 .326 .449 .613 .782
Max.  .214 .165 .200 .310 .450 .580 .650 .850 .96?
Min. .094 .072 .104 .151 .214 .308 .440 .570 .680
Aver. {:140 .099 .146 .211 .301 .425 .561 .689 .793

33 38 40 40 41 40 34 20 3
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Speci- Ratio of HI./Rv. Thickness of spirotheca

men 1 2 8 4 5 6 7 8 0 1 2 8 4 5 6 7 8
1* 1.4 1.7 1.7 2.1 2.0 2.1 2.6 — .011 .012 .016 .019 .024 .041 .041

2 2.8 3.1 8.1 3.3 3.2 2.9 .010 .011 .012 .017 .019 .029 .049

3 2.0 2.4 2.6 2.6 2.4 2.8 2010 011  — .019 .021 .043 .048

4 2.4 2.4 2.7 2.5 2.3 2.3 2.2 -010 .009 .011 .016 .017 .030 .049 .048

5 2.4 3.0 2.9 2.9 3.1 2.7 2.9 010  — .008 — .019 .027 .034

6 2.3 2.9 3.6 3.6 3.3 8.1 .007 .013 .011 .015 .017 .028

7 ~ 3.3 3.6 3.6 3.4 3.6 — = T2 019 .027 .039 .048

8 — 252629 —  — .010 .015 .017 .027

9 1.2 1.5 1.9 1.9 2.1 2.2 2.5 .009 .009 .011 .012 .021 .028 .048

10 .011 .011 .012 .013 .020 .020 .036 .031

11 .008 .006 .009 .014 .016 .019 .037 .041 .044
12 011 — .013 .016 .019 .030 .043 .029

13 006 .012 — — .018 .020 .029 .041

14 011 .010 .011 — .016 .027 .034

15 .013 .011 .014 .016 .016 .035 .069 .071
Max 3.0 3.3 3.6 8.7 4.6 3.3 2.9 2.8 .013 .013 .019 .025 .037 .057 .069 .08l

Min 1.21.61.71.91.8 1.9 1.9 2.4 .006 .006 .008 .012 .016 .019 .029 .029
Aver {2.1 2.6 2.7 2.7 2.8 2.6 2.4 2.6 .010 .010 .013 .016 .021 .031 .042 .049

17 20 24 23 22 19 13 2 20 21 29 31 36 36 29 16

Speci- Tunnel angle Septal count

men 1 2 3 4 5 6 1 1 2 3 4 5 6 7
1* 24 29 35 40 43 43

2 24 25 37 87 46 55

3 — 31 32 33 40 37

4 — 30 3 32 42 47

5 — 34 37 39 3 45 M

6 —  — 3% 45 50

7 — 41 45 44 49

8 — 31 31 40 47

9 — 3 38 43 37

10 7 11 12 14 15 15 16
11 7 11 18 18 1 17 18
12 7 11 13 138 15 18 20
13 6 10 14 16 18 18 20
14 — 11?7 147 14 14 15 207
15 6 13 14 21 20

Max. 24 41 45 47 50 55 44 10 13 15 21 20 18 23
Min. 24 25 27 32 35 37 33 6 10 12 13 14 15 16
Aver 24 32 36 39 43 44 39 7 12 14 16 17 17 20

2 12 15 16 16 10 2 7 9 10 10 8 6 6

* Holotype specimen.

the closed chamberlets formed by the fluting of the septa do not reach the top of
the chamber. Averages of the septal counts of the first to seventh volution of
ten specimens are 7, 12, 14, 16, 17, 17, and 20, respectively.

The tunnel is broad. Average tunnel angles of the first to seventh volution
of sixteen specimens are 24, 32, 36, 39, 43, 44, and 39 degrees, respectively. The
path of the tunnel seemingly is about straight. The chomata are low and narrow,
but they are well defined except in the outer one or two volutions. They are
about half as high as the chambers in all but the outer volutions. The chomata
are semi-circular in ecross section, both slopes of which being nearly similar.
In some specimens, however, the poleward slope of the chomata is moderately low.
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Remarks.—Triticites ellipsotdalis TORIYAMA, n. sp. is one of the best index fossil
for the PIB subzone of the Akiyoshi limestone group.

It closely resembles Triticites langsonensis described by SAURIN (1950, 1954)
from Ky Lua, Langson (Tonkin) in many aspects. However, 7. ellipsoidalis is
smaller in the size of the shell, less slender in the shell length, slower in the rate
of the expansion, and thinner in the spirothecal thickness than 7. langsonensis.
Moreover, the former seemingly has slightly stronger septal fluting especially in
the polar regions. Although two forms may not be conspecific, they are biologically
and stratigraphically closely related with each other.

It also compares closely in ellipsoidal shape of the shell with Triticites pusilla
(SCHELLWIEN), which was originally described by SCHELLWIEN from the Schwarze-
kalke of the Uggowitzer Breccie in the Carnic Alps. DUNBAR (1987) and DUNBAR
and HENBEST (1942) referred this species to the genus Schwagerina. In Eastern
Asia Triticites pusilla has been reported by LEE (1927) from the Lower Permian
Taiyuan series of Honan and Shansi, and by CHEN from the Lower Permian Chuan-
shan limestone of Chekiang. Comparing with these forms, Triticites ellipsoidalis
n. sp. is smaller in size and has more numerous volutions, less weakly fluted septa
and well defined chomata; and the height of the chambers for the corresponding
volution is smaller in the species under consideration.

It is of interest that Triticites pustila and T. ellipsoidalis show similar faunal
assemblage. They are almost always associated with large forms of Pseudo-
schwagerina or Paraschwagerina; namely, T. pusilla is associated with Pseudo-
schwagerina fusulinoides (SCHELLWIEN) and P. princeps (EHRENBERG) [P. glomerosa
(SCHWAGER)] both in the Carnic Alps and in South China, while Triticites ellip-
soidalis n. sp. occurs with Paraschwagerina (Paraschwagerina) akiyoshiensis n.
sp. in the Akiyoshi limestone group.

Occurrence.—Triticites ellipsoidalis TORIYAMA, n. sp. occurs most abundantly in
No. 3 quarry at Isa-machi (Loc. 613); and common in Nos. 1 and 8 limestones of
Section XII (Loc. 606 and 611, respectively) and Loc. 497. A doubtful specimen of
this species is also known in Loe. 62.

Triticites sp. A
Pl. 12, figs. 85-38

Several specimens of a minute form of Triticites were obtained from the
limestone of the Pseudoschwagerina zone exposed at Isa-machi, which do not seem
to be referable to any of the forms hitherto described. Unfortunately, however,
I do not have sufficient materials of this form to describe it thoroughly, but for the

sake of completeness I illustrate several typical sections and give the following
description.
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The shell is fusiform and small for the genus. It has pointed poles, convex
lateral slopes, and a slightly arched axis of coiling. A typical specimen of four
and a half volutions (Pl. 12, fig. 35) is 3.0 mm long and 1.2mm wide, giving a form
ratio of 2.6.

The proloculus is small, and its outside diameter measures 118 to 170 microns,
averaging 151 microns for eleven specimens. The shell expands rather slowly in
the first one and a half to two volutions, but rapidly in the outer ones. Average
radius vectors of the first to fifth volution of eleven specimens are 123, 195, 306,
478, and 696 microns, respectively.

The spirotheca is very thin and difficult to measure its thickness accurately

Table 44. Table of Measurements (in Millimeters) of Triticites sp. A

i Radius vector
peci-  poe. RE PL fig. L. W. R Prol
: 1 2 3 4 5
1 570A 798 12 35 8.0+ 1.15 2.6 .150 .121 .162 .359 .461 .61+
2 607A 1209 12 36 3.00 1.13 2.6 .151 .107 .171 .251 .410 .628
3 607TA 1211 12 37 x 1.30 x .168 .139 .218 .340 .549 .78+
4 607A 1210 12 38 x 1.48 x .168 .140 .235 .360 .550 .770
Max. .170 .140 .250 .360 .560 .78+
Min. .18 .107 .150 .231 .400 .587
Aver, {151 123 105 .306 .478 .69
1l 11 1 11 10 6
Speci- Ratio of HI./Rv. Thickness of spirotheca
men 1 2 3 4 5 0 1 2 3 4 5
1 2.0 2.4 8.7 35 .016  .012  .014  .029 .04
2 0.9 1.4 1.6 2.1 2.2 014 .013 .09 .035 .037 .05
3 018 — 020 .03¢ .062 .075
4 011  — .06 .030 .045 .02
Max. 2.0 24 3.7 85 22 016  .018  .022 .043 .062  .091
Min. 0.9 1.4 1.6 1.9 2.0 011 .01l .04  .024  .033  .052
Aver {1.6 1.9 26 2.5 21 014 .04  .018 .031 .048  .068
. 5 5 5 4 3 7 6 10 10 8 4
Speci- Tunnel angle Septal count
men 2 3 4 5 1 2 3 4 5
1 — 33 30?7 35
2 287 29 28 29
'3 7 14 16 197 227
4 9 13 14 17 18
Max. 31 42 34 4 9 14 16 19 22
Min. 25 29 28 29 7 12 13 17 18
28 33 31 36 8 13 14 18 20
Aver. { 4 5 3 3 3 3 3 3 2
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in the early two volutions. The spirotheca of the outer volutions is typical for
the genus and is finely alveolar. Average thickness of the spirotheca of the first
to fifth volution of ten specimens is 14, 18, 81, 48, and 68 microns, respectively.

The septa are thin and closely spaced. The septal counts of the first to fifth
volution of three specimens average 8, 13, 14, 18, and 20, respectively. The septa
are strongly fluted in the polar regions but are weakly or almost plane across the
median part of the shell.

The tunnel is almost straight throughout its length. It is narrow in the first
two volutions. Average tunnel angles of the second to fifth volution for five speci-
mens are 28, 33, 31, and 36 degrees, respectively. The chomata are low and narrow
in the early volutions, but become more or less massive in the outer ones.

Remarks.—Triticites sp. A resembles T. nitens DUNBAR and NEWELL from the
Wolfeampian of Spillapampa, Bolivia in the minute size of the shell and the charac-
ter of the septal fluting. However this species has a slightly larger proloculus,
more rapid rate of expansion, and more or less slender shape of the shell.
Triticites sp. A also resembles T. simplex var. minuta (LEE) from the Wolf-
campian Yaoku limestone of Kansu and Shansi, but is distinguished from the latter
in having slightly larger size and the shape of the shell and the distinet chomata.

Occurrence.—Triticites sp. A is common in No. 4 limestone of Section XII (Loe.
607A), No. 2 limestone of Section XIII (Loc. 570A), No. 2 limestone of Section XX
(Loc. 343) and Loc. 15 and 251. The stratigraphical range of this species is the
Pla and PIA.

Genus Dunbarinella THOMPSON, 1942
Dunbarinella cervicalis (LEE)
Pl 18, figs. 1-11

1927. Schellwienia cervicalis LEE. Palaeontologia Sinica, Ser. B, Vol. IV, Fase. 1, pp. 77, 78,
Pl X, figs. 13-17.

The shell of Dunbarinella cervicalis (LEE) is elongate fusiform, with gently
convex to almost straight or slightly depressed median portion, straight to convex
lateral slopes, and narrowly rounded polar extremities. The number of the volu-
tion is usually 5 or 6, rarely 7. Mature specimens of five to six volutions are 4.6
to 6.3 mm in length and 1.9 to 3.0 mm in width, giving form ratios of 2.1 to 2.7.
The shell retains nearly the same axial profile throughout all except for the first
volution which is subspherical to short fusiform, with bluntly rounded poles.
Average ratios of the half length to the radius vector of the first to sixth volu-
tion in nine specimens are 2.1, 2.4, 2.8, 2.6, 2.5, and 2.4, respectively.

The proloculus is small and spherical, with outside diameters of 110 to 294
microns, averaging 202 microns for twenty-two specimens. The shell relatively
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Table 45. Table of Measurements (in Millimeters) of Dunbarinella cervicalis (LEE)
. Radius vector
Speck- 1oc. R PLfig. L. W. R. Prol
: 1 2 3 4 5 6 7
1 297 1552 13 1 7.6+ 2.84 2.7 176 .138 .254 .395 .632 .954 1.245 1.537
2 316 1407 13 2 5.00 2.14 2.3 .216 .153 .261 .407 .628 .905 1.226
3 297 1551 13 3 4.56 2.20 2.1 .219 .166 .251 .386 .586 .8556 1.174
4 297 1552 183 4 — 2.1+ — .208 .159 .254 .387 .534 .813 1.120
5 259 1028 13 5 5.30 2.26 2.4 .16+ .141 .201 .310 .481 .700 1.010
6 613 867 13 7 x 1.6 x .219 .110 .200 .310 .489 .740
7 206 1404 13 8 x 2.34 x .211 .188 .269 .409 .589 .810 1.111
8 316 1408 13 9 x 2.3+ x .11 .091 .148 .233 .374 .650 .921 1.196
9 316 1407 13 10 x 3.0+ x .202 .184 .269 .421 .612 .905 1.226
10 316 1408 13 11 x 3.3+ x .169 .098 .151 .267 .401 .613 .996 1.300
Max. .294 .230 .395 .635 .892 1.226 1.462 1.53?
Min. 110,091 .148 .233 .874 .613  .920 1.196
Aver .202 162 .268 .426 .658 .952 1.157 1.83%4
) 22 24 24 24 24 20 16 4
Speci- Ratio of HL/Rv. Thickness of spirotheca
memoy 2 3 4 5 6 o 1 2 3 4 5 6 71
1 — — 2.9 3.0 25 2.5 — 015 .021 .029 .049 .051 .058
2 —_ - — 25 2.2 21 018 .018 .022 .036 .067 .069 .072
3 — — 24 21 2.0 1.9 — 010 .019 .022 .031 .048 .055
4 — — — — — — — .018 .019 .027 .035 .043 .0564
b 2.2 — 3.0 2.7 2.8 2.7 — — .024 .037 .052 .061 .060
6 — —  .030 .043 — —
7 — 021 .028 .038 .056 .061 .085
8 — —_ — .030 .040 .069 .084 .070
9 017 .018 .028 .040 .072 .076 .096
10 — — .019 .030 .040 .054 .081
Max. 2.2 — 8.2 3.0 2.8 2.7 .018 .023 .030 .054 .067 .086 .096
Min. 1.9 — 23 2.2 2.0 1.9 013 .010 .018 .022 .031 .027 .054
Aver {2.1 24 28 26 25 24 015 .018 .024 .034¢ .049 .059 .069 .070
‘L2 1 6 9 9 7 7 11 16 18 17 16 11 1
Speci- Tunnel angle Septal count
men 1 2 3 4 65 6 1 2 3 4 &5 6
1 — — 387 447 38 30
2 38 39 36 32
3 37 36 32 — 32
4 _— — —
5 39 35 407 42 a1
6 9 17 23 23+
7 9 13 16 22?7 307 30+
8 9 13 14 18
9 8 17 16 21 24
10 — - — 237 28
Max. 39 39 40 487 407 12 18 27 337 3807
Min. 32 30 237 32 31 8 13 14 18 24
37 35 34 41 35 30 9 16 20 24 27 30
aver. {7 55— 8§ 7 7 9 4 1
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tightly colis in the first one or two volutions, and becomes more or less rapid in
expansion in the following three or four volutions and slightly decreases in the
outer one or two volutions. Average radius vectors of the first to seventh volu-
tion of twenty-four specimens are 162, 268, 426, 658, 952, 1,157, and 1,394 microns,
respectively. The chambers are almost the same in height throughout the length
of the shell except for the polar regions.

The spirotheca consists of a tectum and moderately finely keriotheca, increas-
ing in thickness from the first to the last volution. Average thickness of the
first to sixth volution for eighteen specimens is 18, 24, 34, 49, 59, and 69 microns,
respébtively. The proloculus wall is thin and seemingly structureless, averaging
15 microns' in thickness for seven specimens.

The septa are rather thick and moderately spaced. In some parts of the outer
volutions it is clearly observed that the septa are composed of the downward ex-
tension of the keriotheca, whereas in most parts of the inner volutions they are
seemingly composed of dense materials. Average septal counts of the first to fifth
volution of nine specimens are 9, 16, 20, 24, and 27, respectively. The septa are
narrowly fluted throughout their length, but the fluting is much more intense in
the polar regions. The closed chamberlets extend slightly above the top of the
tunnel in the center of the shell and almost to tops of the chambers in the end
regions.

The tunnel is relatively wide with a nearly straight pass and almost half as
high as the chambers near its center. Average tunnel angles of the first to fifth
volution in six .specimens are 37, 85, 384, 41, and 85 degrees, respectively. The
chomata are observable only in few inner volutions, where they are very rudi-
mentary in development, forming small and nearly symmetrical low ridges. - The
heavy axial flllings occur in the polar regions throughout all except the innermost
and last-formed volutions of some specimens.

Remarks.—LEE (1927) distinguished two forms in Schellwienia cervicalis, the
microspheric form having a small proloculus and 8 to 9 volutions and the megalo-
‘spheric one having a larger proloculus and 6 to 7 volutions. A number of specimens
here referred to Dunbarinella cervicalis are closely similar to the LEE’s megalo-
spheric form in almost all the essential characters of the shell. Only differences
between the Chinese and Akiyoshi forms are slightly larger size of the proloculus
and the qweak/ development of the chomata in the present species. These differences
are considered to be not specific but variation within a species.

QOccurrence.— Dunbarinella cervicalis. (LEE) was -originally described. . from -the
Shanchiang limestone of Honan and the Fuching limestone of Chihli, both of them
were referred by LEE to ‘‘ the Upper Carboniferous’’ or “ Uralian”’ (the Sakmarian
or Wolfcampian age in the present interpretation). The Akiyoshi specimens are
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found in the Pla and PI3 subzones, although more common in the latter. The
following localities are known: Nos. 14 and 15 limestones of Section I (Loc. 296
and 297, respectively), No. 6 limestone of Section VII (Loec. 437), No. 10 limestone
of Section X (Loc. 568A), No. 5 limestone of Section XIV (Loc. 101), No. 2 limestone
of Section XVIII (Loc. 816), No. 8 limestone of Section XXI (Loc. 259), and Loec.
613. A doubtful specimen referred to D. cervicalis with question is found in the
No. 8 limestone of Section V (Loc. 463).

Dunbarinella densa TORIYAMA, n. sp.
Pl. 18, figs. 12-20

A small number of specimens referred to this species have been sectioned from
my collection obtained from Loc. 836, the northeast of the top of Kirigadai, Kyowa,
Shuho-cho. Although they are not enough in number, they are not referable to
any species hitherto 'described'from' the Permian rocks of the Tethys region.
Therefore, I describe and illustrate this form under a new specific name Dun-
barinella densa.

The shell of Dunbarinelle densa is medium and inflated fusiform, with
straight axis of coiling, almost straight to convex lateral slopes, and broadly
pointed polar extremities. Mature shell of five to seven volutions has a length of
4.9 to 6.0mm and a width of 2.1 to 3.0mm, giving a form ratio of 2.1 to 2.7.
The first volution is ellipsoidal in shape, with broadly rounded poles, but in the
succeeding volutions the shell maintains a nearly similar shape, with a slow rate
of increasing in form ratio. Average ratios of the half length to the radius vector
of the first to sixth volution in five specimens are 1.7, 1.9, 1.9, 1.9, 2.0, and 2.2,
respectively. ’

The proloculus is very small and spherical, with outside diameters of 144 to
172 microns, averaging 156 microns in three specimens. The proloculus wall is
rather thick, attaining an average thickness of 22 microns in three specimens, but
its minute structure is hardly discernible, seemingly being composed of a single
homogeneous layer. The first two volutions are rather tightly coiled, followed by
considerably rapid and uniform expansion of the succeeding volutions. Average
radius vectors of the first to seventh volution of seven specimens are 131, 226, 3858,
549, 812, 1,053, and 1,330 microns, respectively. i

The spirotheca is thin and finely alveolar. Alveoli are hard to be distinguish-
able in the inner volutions and polar regions of most specimens. The spirotheca
changes very slowly in thickness laterally in a given chamber from the tunnel to
the poles. Average thickness of the spirotheca above the tunnel in the first to
seventh volution of seven specimens are 15, 20, 29, 41, 53, 55, and 50 miecrons,
respectively.

" Because no exactly oriented sagittal section is available, the detailed characters
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of the septa are not fully understood. However it seems that the septa are more
or less thick and closely spaced. They are fluted throughout the length of the
shell, but the fluting is more intense in the end zones, extending more nearly to

Table 46. Table of Measurements (in Millimeters) of Dunbarinella densa TORIYAMA, n. sp.

Rg. ' Radius vector

Speci- .
men - No. Pl fig. L. W. R. Prol.

1 2 3 4 b 6 7

1 33 685 13 12 5.63 2.15 2.7 .152 .121 .193 .341 .528 .7756 1.012
2% 336 684 13 13 6.00 2.95 2.1 144 .123 .211 .322 .513 .803 1.104 1.338

3 336 686 13 14 4.9 2.14 2.3 .172 .139 .239 .392 .644 .948
4 336 687 13 15 4.88 2.41 2.0 — .135 .218 .34? .522 .727 .984 1.306
5 336 683 13 16 5.38 2.32 2.3 — .138 .211 .338 .497. .813 1.088
6 33 685 13 17 x 2.20 x —  — .264 .415 .616 .846 1.088
7 336 68 13 18 x 2.60 X —  — .245 .360 .522 .775 1.040 1.350
Max. .172 .137 .264 .415 .644 .846 1.104 1.350
Min.  .144 .121 .193 .322 .497 .727 .984 1.306
Av {.156 131 .226 .358 .549 .812 1.053 1.330
Vs 5 7 1 7 71 6 3
Speci- Radius vector Thickness of spirotheca
mem 1 2 3 4 5 6 7T o0 1 2 38 4 b5 6 7
1 2.1 2.2 1.8 2.1 2.1 2.8 .019 .013 .028 .028 .043 .052 .056
2 1.5 1.9 2.3 2.1 21 2.1 24 .025 — .018 .029 .050 .062 .063 .056
3 1.6 1.9 1.7 1.8 2.0 .021 .016 .018 .036 .039 .065
4 — 1.8 1.7 1.3 1.6 1.5 1.9 —  — .019 .027 .042 .036 .063 .059
5 — 2.0 2.0 2.3 2.1 2.6 —  — .016 .029 .036 .054 .050
6 —  — .021 .037 .047 .059 .050
7 —  —  — .020 .028 .044 .046 .036
Max. 2.1 2.2 2.3 2.3 2.1 2.8 2.4 .025 .016 .028 .036 .050 .065 .063 .059
Min. 1.5 1.8 1.7 1.8 1.6 1.5 1.9 .019 .013 .016 .020 .028 .036 .046 .036
Aver {1.7 1.9 1.9 1.9 2.0 2.2 2.2 .022 .015 .020 .029 .041 .053 .055 .050
13 5 5 5 5 4 2 3 2 6 17 7 17 6 8
Speci- Tunnel angle Septal count
men 1 2 38 4 5 6 2 8 4 b5 6 1
1 20 2 2 19 19
2% 15 17 21 2 28 17
3 — 19 15 2 13 20
4 — 18 2 2 29
5 — 17 17 2 2 23
6 197 247 257 327 8T?
7 — — 257 837 367 407
Max. 2 2 2 2 2
Min 17 15 19 13

w858

15
18 18 19 21 21
Aver. { 9 5 5 5 5
* Holotype specimen.
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the tops of the chambers. An excentric section has 257, 33?7, 36?7, and 40? septa in
the fourth to seventh volution, respectively. '

The tunnel is low and narrow throughout the volutions, with an almost straight
to irregular path. Average tunnel angles of the first to sixth volution of five
specimens are 18, 18, 19, 21, 21, and 20 degrees, respectively. The chomata are
highly asymmetrical in the inner volutions where their poleward slopes extend
almost to the poles, but in the outer volutions the chomata are narrow and almost
symmetrical. The axial filling is not developed even in the polar regions of inner
volutions.

Remarks.—As stated above no species of the Tethysian schwagerinid is specifically
comparable with the present one. However Dunbarinella obesus (BEEDE) described
by WHITE from the Caddo Creek and Harpersville formations of Texas resembles
D. densa n. sp. in some respects, but the latter is smaller in the shell size, slower
in the rate of expansion, and a little stronger in the septal fluting. D. densa
n. sp. also somewhat resembles D. eoextense THOMPSON from the Waldrip No. 1
limestone of Texas and from the Americus limestone of Kansas but is distinguish-
ed by its more intense septal fluting, less massive chomata, and thinner spirotheca.

Dunbarinella densa n. sp. is, along with D. eoextensa mentioned above, one
of the most inflated form in the genus.

Occurrence.—Dunbarinelle densa TORIYAMA, n. sp. has been obtained only from
one locality, Loc. 336, and is considered to be the PIB in the stratigraphical age.

Dunbarinella sp. A
Pl. 13, figs. 21, 22

Only two specimens here referable to Dunbarinella sp. A are available in the
present collection from No. 8 limestone of Section V.

The shell of Dunbarinella sp. A is small and short fusiform, with almost
straight median portion, straight to convex lateral slopes, and narrowly pointed
poles. Only available axial section which is illustrated as Pl. 18, fig. 21 is 3.91 mm
long and 2.04 mm wide, giving a form ratio of 1.92. The ratios of the half length
to the radius vector of the first to eighth volution of the same specimen are 1.6,
2.6, 2.6, 2.4, 2.3, 2.0, 2.1, and 2.0, respectively. These figures show that the shell
is nearly subspherical in form in the first volution, and that the axis becomes
extended very rapidly in the second and third volutions but the rate of elongation
of the axis decreases gradually from the fourth volution to maturity.

The proloculus is minute and spherical. Its outside diameter is measured 110
microns in the illustrated axial section. The shell expands very slowly. The radius
vectors of the first to eighth volution of the same specimen are 86, 123, 172, 242,
356, 514, 700, and 942 microns, respectively. The chambers are nearly the same in
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height throughout the length of the shell at least in the outer volutions.

The spirotheca is thin and consists of a tectum and a finely alveolar keriotheca,
The thickness of the spirotheca of the second to eighth volution of the illustrated
axial section is 12, 14, 21, 27, 33, 39, and 45 microns, respectively. Alveoli of the
keriotheca are hardly recognizable in the inner three volutions.

The septa are narrowly and highly fluted throughout their length except in
the inner volutions. The closed chamberlets nearly reach to the tops of the
chambers. The spacing of the septa and the septal counts are unknown due to
the absence of well oriented sagittal section.

The tunnel is low but relatively broad and its path is somewhat irregular.
The tunnel angles of the third, fifth, seventh, and eighth volutions of the illustrated
axial section are 17, 28, 33, and 37 degrees, respectively. The chomata occur at
least in the inner volutions but they are very rudimentary in development. Dense
secondary deposits fill the axial regions of the chambers throughout all except for
the last two volutions.

Remarks.—The rate of expansion and the heavy axial fillings of this form are
closely similar to those of the microspheric form of D. cervicalis (LEE) illustrated
as Pl. X, fig. 14 in LEE’s monograph, but more sufficient material is need for the
specific determination. D. sp. A may be one of the smallest form in the genus.

Occurrence.—As deseribed above Dunbarinelle sp. A is known only from No. 3
limestone of Section V (Loc. 463) which is referable to the Pl3 subzone.

Genus Schwagerina MOLLER, 1877
Schwagerina okafujii TORIYAMA, n. sp.
PL 14, figs. 1-16

The shell of Schwagerina okafujit TORIYAMA, n. sp. is small and inflated fusi-
form, with almost straight axis of coiling and narrowly rounded poles. 'The
lateral slopes are straight to convex in the inner volutions but become slightly
concave in the outer volutions of some specimens. Typical specimens of four to
five volutions are 2.6 to 4.4 mm long and 1.5 to 2.3 mm wide, giving form ratios
of 1.6 to 2.3. The general shape of the shell is almost uniform throughout the
growth. The only recognizable change in shape is a slightly rapid increase in re-
lative length in the last volution. Average ratios of the half length to the radius
vector in the first to fourth volution in eleven specimens are 1.7, 1.8, 1.8, and 1.9,
respectively. '

The proloculus is spherical and large, with outside diameters of 224 to 410
microns, averaging 302 microns in forty specimens. The first half to one volu-
tion is more or less tightly coiled, but the shell expands rapidly and almost uni-
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formly. in the succeeding volutions. Average radius vectors of the first to fifth
volution in thirty-nine specimens are 261, 429, 693, 947, and 1,254 microns, respec-
tively. The chambers are nearly uniform in height in central two-thirds to three-
fourths of the inner volutions, increasing in height only slightly poleward. In
the outer volutions where the lateral vslobes become irregular or concave Jthe
chambers increase in height somewhat rapidly.

The spirotheca is thick for the shell of this size and is typical in structure
for the genus. Alveoli of the keriotheca are hard to be discernible in the inner
one or two volitions, but become distinet in the outei‘ ones. In most of the
specimehs the spirothéca is thickest above the tunnel, “decreasing its thickness
slightly poleward. Average thickness of the spirotheca above the tunnel of the
first to fifth volution in twenty-seven specimens are 30, 45, 65, 79, and 77 microns,
respectively.

‘The septa are thin and rather closely spaced. They are composed of the down-
ward deflection of the tectum and the pycnotheca, the latter of which is, however,
not observable in the inner volutions. They are fluted throughout their length,
but the fluting extends to the tops of the chambers only m the extreme polar
regions. It does not reach to the tops of the chambers in the central portion of
the shell, being half to three-fourths as high as chambers. Average septal counts
of the first to fourth volution in thlrteen specimens are 11, 19, 25, and 28, re-
spectively. ‘ : o

The tunnel is low and narrow in the inner volutions and only slightly widens
outwards. Averag'e tunnel angles of the first to fourth volution of twelve speci-
mens are 25, 25, 27 and 25 degrees, respectively. The chomata are distinct only
in the inner two to three volutions where they are 1ow narrow, and asymmetncal
with steep to vertical tunnel sides and low lateral slopes. They do not occur in
the outer volutions. No axial filling is developed.

Schwagerina okafujii TORIYAMA, n. sp. was named in honour of Mr. Goro
OxAFUJI of Ominé High School who helperd me in my ﬁeld work. ‘
Remarks.—Schwagerina okafujii TORIYAMA, n. 8p. is rather a primitive member of
the genus and is intermediate in general structures between the genera T'riticites
and Schwagerina.

Schwagerina okafujii n. sp. most closely resembles Schwagerina () ominensis
(0Ozawa) in many respects, but is distinguished from the latter in having larger
size of the shell, Iarger proloculus, more rapid expansion of the shell, and more
numerous septa.

It is also similar to Schwagerina propinqua (DEPRAT) from the Akasaka lime-
stone of Central Japan, which was, however, referred to Pseudofusulina japonica
(GUMBEL) by Ozawa (1927). Comparison of ‘‘Fusulina propingua DEpPRAT” (III°
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Table 47. Table of Measurements (in Millimeters) of Schwagerina okafujii TORIYAMA, n. sp.

. Radius vector
Speck- 1o, RE PL fig L W. R Pro.
: 1 2 3 4 5
1* 613 875 14 1 8.8 204 1.9 .28 .181 .310 .512 .870 1.200
2 613 860 14 2 4.4+ 2.22 2.0 .299 .249 .410 .688 1.001
3 613 81 14 3 418 1.82 2.3 .316 .240 .401 .660 .969
4 480 1106 14 4 3.6+ 2.1+ 1.7 .245 .248 .380 .621 .860
5 480 1107 14 5 8.65 1.66 2.2 .287 .197 .280 .463 .721
6 480 1104 14 6 3.08 1.72 1.8 .246 .240 .392 .644 .942
7 613 868 14 12 x 218 x -EZx 279 .498 .745 1.140
8 480 1108 14 18 x 2.7+ x  .852 .338 .583 .905 1.287
9 613 870 14 14 x 21+ x .286 .249 .341 .570 .851
10 613 861 14 15 x 2.3+ x .317 .219 .479 .809 1.040
Max. .410 .338 .609 1.020 1.287 1.550
Min. .224 .181 .280 .463 .721 1.110
Aver. {:302 261 420 .693 .947 1.254
0 39 39 38 22 6
Speci- Ratio of HL./Rv. Thickness of spirotheca
mmen 1 2 3 4 5 0 1 2 3 4 5
1* — 20 — 16 1.7 027  —  .0%2 .059 .088 .08
2 1.7 1.7 1.7 1.9 .016 .025 .043  .069 .08l
3 20 21 21 23 027 .032  .040  .092
4 — — 1.6 19 — 027 .057 .064  .080
5 — 1.8 20 21 .02  .036  .048 .071
6 — 038 .039 .077 .101
7 021 .02t .046 .073 .071
8 .026 .04 .080 .107 .118
9 024 .020 .022 .035 .067

10 .025 .029 .045 .107 .045

Max. 2.2 2.5 2.2 2.3 .027 .054 .080 .107 .120 .090
Min. 1.3 1.5 1.6 1.6 .015 .021 .022 .035 .045?  .058
Aver. {1.7 1.8 1.8 1.9 1.7 .022 .030 .045 .065 .079 077
10 i1 9 2 20 22 27 26 5 P
Speci- Tunnel angle Septal count

fen 1 2 3 4 5 1 2 3 4

1* 25 21 23 16?

2 29 23 27 22?

3 19 20 26 23

4 28 26 29 25

5 28 27 22

6 32 28 30 28

7 11 22 287 35

8 19 16 26 26

9 10?7 20? 19? 247
10 12 18+ 28?7
Max. 32 32 32 39 13 22 287 35
Min. 19 20 21? 16? 9 16 19?7 24?7
Aver 25 25 27 25 23 11 19 25 28

‘ 12 11 12 8 1 13 13 10 6

* Holotype specimen.
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Memoir, Pl. I, fig. 18) with the inner volutions of a well centered axial section of
“Fusulina japonica’ (fig. 1 of the same plate) shows that the 0zawa’s opinion
seems to be correct, and if it is so, “Fusulina propinqua’’ is regarded as an im-
mature specimen of ‘‘Fusulina japonica.”” Indeed, both propingua and japonica
were reported by DEPRAT together from the horizon 3 (Permien inférieur) of his
division. Whereas, Schwagerina okafujii n. sp. occurs abundantly in limestone
masses of the following localities in which no specimen of Pseudofusulina japonica
and its allied forms is associated with. Moreover, S. okafujii differs from S.
propinqua (or the young shell of Pseudofusulina japonica) in having slightly
slower rate of expansion, less numerous septa and no axial filling.

Occurrence.—Schwagerina okafujit TORIYAMA, n. sp. occurs abundantly in No. 1
limestone of Section VIII (Loc. 818) and Loe. 480 and 618. The stratigraphical
range of this species is restricted to the Pla and Pl3 subzones, but it is more
characteristic in the latter.

Schwagerina etoi TORIYAMA, n. sp.
Pl 14, figs. 17-29

The shell of Schwagerina etoi TORIYAMA, n. sp. is inflated fusiform, with almost
straight axis of coiling, convex to nearly straight lateral slopes, and bluntly pointed
polar ends. The shell is moderate in size. Mature shells of four and a half to five
volutions are 4.6 to 6.5 mm long and 2.0 to 3.0 mm wide, giving form ratios of 2.0
to 2.8. The first half to one volution is subelliptical to short fusiform. From the
second volution to maturity the shell retains almost the same axial profile, with
only slightly slow rate of increasing in the axial length. Average ratios of the
half length to the radius vector of the first to fifth volution in twelve specimens
are 1.8, 2.0, 1.9, 2.1, and 1.9, respectively.

The proloculus is large for the size of the shell. In most of the specimens it
is almost spherical in shape, but is ellipsoidal or somewhat irregular in others.
Its outside diameter is considerably variable, ranging from 258 to 508 microns,
averaging 381 microns in thirty specimens. The shell expands considerably rapidly
and about uniformly throughout the growth of the shell. Average radius vectors
of the first to fifth volution of thirty-one specimens are 314, 501, 742, 981, and
1,231 microns, respectively. The heights of the chambers are nearly the same
throughout the length of the shell.

The spirotheca is typical in structure for the genus, containing rather coarse
alveoli in the keriotheca. It increases in thickness rapidly as the shell grows, but
it is nearly the same in thickness throughout the length of the shell except for
the polar regions. Average thickness of the spirotheca of the first to fifth volution
for twenty-seven specimens is 31, 40, 52, 60, and 73 microns, respectively. The
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Table 48. Table of Measurements (in Millimeters) of Schwagerina etoi TORIYAMA, n. sp.

Radius vector

Speci- Rg.
Loec. Pl fig. L. w. R. Prol.
men No. 1 2 3 4 5
1 558 1640 14 17 5.3+ 3.00 1.8 .454 .378 .550 .794 1.001 1.302
2 552 1636 14 18 5.4+ 2.09 2.6 .381 .310 .431 .644 .870
3 496 1124 14 19 5.6+ 2.0+ 2.8 516 .399 .607 .932
4* 553 1640 14 20 6.54 2.97 2.3 .32+ .291 .433 595 .828 1.153
5 553 1639 14 21 5.1+ 2.41 2.1  .441 .368 .540 .751 1.100 1.867
6 496 1121 14 22 3.81 2.09 1.8 .38 .276 .543 .788 1.030
7 552 1635 14 23 3.06 1.55 2.0 .350 .309 .461 .690
8 553 1640 14 25 — 1.8 —  .380 .320 .548 .749 .837 1.150
9 496 1122 14 26 x 1.8 x  -3%97x .276 .421 .736 1.021
10 496 1180 14 21 x 2.25 x 400 .338 .552 .837 1.177
11 496 1122 14 28 x  2.04 x ‘3% 356 .589 .918
12 558 1642 14 29 x  2.63 x .300 .307 .537 .920 1.226
Max. .508 .404 .607 .932 1.226 1.517
R o
. . . . . .231
Aver. {30 3 81 81 23 12
Speci- Ratio of HI./Rv. Thickness of spirotheca
men 1 2 3 4 5 0 1 2 3 4 5
1 1.7 2.0 20 21 2.0 — 019 025 .027  .028
2 2.0 2.6 2.6 25 015 .04  .020 .024  .027
3 2.2 23 2.2 024 .039  .034  .060
4x 1.5 1.5 20 19 2.1 .018  .018 — 017 024 .044
5 20 23 — 21 027  .026  .049  .064  .088
6 1.9 1.6 1.6 1.7 028 .0385  .039  .059
7 1.1 1.3 1.3 — — .031  .039  .052
8 — 030 .033  .046  .062  .091
9 021 .027  .036  .062
10 029  .027  .032  .050
11 021 .039  .060  .070
12 — .035  .062 073  .065
Max. 2.2 2.6 27 25 2.1 .031 .04  .062 075  .088  .097
Min. 1.1 1.5 1.3 1.4 1.6 013 .014  .020  .017  .024  .044
Aver {1.8 20 1.9 21 1.9 023 031 .040  .052  .060  .073
19 12 127 12 1 14 23 26 27 16 5
Speci- Tunnel angle Septal count
men 1 2 3 4 5 1 2 3 4
1 — 27 28 21
2 362 37 28
3 30 24 30
4% 36 25 20 28 33
5 34 30 29 25?
6 — 21 - 27
7 — 167 19
8 — — — — —
9 1 19 27 35
10 — 26? 287
11 — 237 297
12 — — 227 29?
Max 36 377 33 31 11 26? 297 35
Min. 27 16 20 257 10 19 227 29?
Aver 31 27 28 28 33 11 22 27 32
9 12 12 1 1 P 4 1 2

* Holotype specimen.



Geology of Akiyoshi 131

proloculus wall seems to be composed of a single homegeneous layer, attaining an
average thickness of 23 microns in fourteen specimens.

The septa are thin and relatively closely spaced. They are formed of the
downward deflection of the tectum and somewhat obscure dark layer. They are
narrowly fluted throughout their length. The fluting extends to the tops of the
chambers, forming closed chamberlets for at least two-thirds to three-fourths the
height of the chambers. Average septal counts of the first to fourth volution in
four specimens are 11, 22, 27, and 32, respectively. No phrenotheca is observable.

The tunnel is low and its path is irregular. Average tunnel angles of the
first to fourth volution in twelve specimens are 31, 27, 28, and 28 degrees, respec-
tively. The chomata occur in the first one or two volutions, but do not present
in the outer ones of most specimens. The dense axial deposits completely fill the
chambers in the axial area of the inner volutions where they extend almost to the
tunnel.

This species is named in honour of Mr. Ichiro ETo, the pioneer of field geologist
in Akiyoshi area.

Remarks.—Schwagerina etoi TORIYAMA, n. sp. closely resembles Schwagerina stabilis
RAUSER-CERNOUSSOVA from Samara Bend, Russia in many respects, but differs from
the latter principally in having larger proloculus and more rapid rate of expansion.
It also resembles Schwagerina krotowi (SCHELLWIEN) and its allied forms, but is
distinguished from most of them by its larger proloculus, larger radius vector for
the corresponding volution, relatively thicker spirotheca, and heavier axial fillings.

Because Schwagerina etoi has considerably larger proloculus and the small
number of the volution for the size of the shell, there may be a question if it is
a megalospheric form of some species. Although it may be true, it is almost
impossible, or at least very difficult, to find a microspheric form in massive lime-
stones which is, as pointed out by DUNBAR, SKINNER and KING (1985), exceedingly
few in number of individuals in comparison with the megalospheric form of the
same species.

Occurrence.—Schwagering etoi TORIYAMA, n. sp. is common in several localities, all
of them are referable to the PIB subzone. It is found in the No. 4 limestone of
Section VII (Loc. 435), No. 3 limestone of Section XVIII (Loec. 315), No. 1 limestone
of Section XXIV (Loc. 552), Nos. 6 and 7 limestones of Section XXVI (Loec. 755 and
757, respectively), and Loc. 457, 480, 494, 496, 553, and 613,
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Schwagerina (?) cf. kueichihensis (CHEN)
Pl 15, figs. 1-7

1934. Triticites kueichihensis CHEN. Palaeontologia Sinica, Ser. B, Vol. IV, Fasc. 2, pp. 42, 43,
PL V, figs. 16, 17.

The shell of Schwagerina (?) cf. kueichihensis (CHEN) is large and inflated
fusiform, with straight axis of coiling, convex to almost straight axis of coiling,
and broadly pointed poles. Mature shells of six to seven volutions are 4.9 to 6.2 mm
long and 2.5 to 3.6 mm wide, giving a form ratio of 1.9 to 2.1. Average form ratio
of four specimens is 2.0. The first volution is subspherical in shape, having short
axis of coiling. Beyond the second volution to maturity the axial ends become
extended slowly, resulting in that the shell remains nearly the same axial profiles.
Average ratios of the half length to the radius vector of the first to sixth volu-
tion in nine specimens are 1.5, 1.6, 1.8, 1.8, 1.9, and 2.0, respectively.

The proloculus is large and spherical, with an outside diameter of 240 to 309
microns, averaging 259 microns in thirteen specimens. The shell expands consider-
ably rapidly and uniformly in all but the innermost volution where it is relatively
tightly coiled. Average radius vectors of the first to seventh volution in fourteen
specimens are 217, 348, 515, 754, 1,050, 1,404, and 1,728 microns, respectively.

The spirotheca is thick and contains coarsely alveolar keriotheca. It is re-
latively thin in the inner volutions, but increases in thickness rapidly towards
maturity. Average thickness of the spirotheca in the first to seventh volution for
twelve specimens is 22, 85, 49, 69, 81, 94, and 108 microns, respectively. The
proloculus wall is thin and seems to be composed of a single homogeneous dense
layer. Average of the proloculus wall of four specimens is 17 microns.

The septa are thin, composed of the downward deflection of the tectum and
pycnotheca, the latter of which is, however, sometimes hard to be distinguished.
They are moderately to highly fluted in the polar regions where the fluting extends
to the tops of the chambers. In the central part of the shell, however, the septa
are almost plane or only slightly fluted. The spacing of the septa is close in the
inner volutions but relatively wide in the outer ones. Average septal counts of
the first to fifth volution in three specimens are 10, 15, 19, 23, and 25, respectively.

The tunnel is low and relatively narrow in the inner two volutions but rapidly
widens in the succeeding outer ones. Its path is not straight in most of
specimens. Average tunnel angles of the first to sixth volution in seven specimens
are 26, 26, 32, 38, 49, and 37 degrees, respectively. The chomata are relatively
well developed throughout the shell exeept in the last volution. They are highly
asymmetrical in the inner two volutions with very steep to almost vertical, some-
times overhanging, tunnel sides and gentle poleward slopes. In the outer volutions
the chomata are massive and nearly symmetrical and are about half as high as
chambers.
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Table 49. Table of Measurements (in Millimeters) of Schwagerina(?) cf. kueichihensis (CHEN)

Radius vector

Speci- Rg.
Loc. PlLfic. L. W. R. Prol
men No. 1 2 3 4 5 6 7

1 546 1177 15 1 6.1? 3.27 1.9 .265 .254 .383 .552 .810 1.058 1.370 1.815
2 546 1176 15 2 6.2+ 3.00 2.1 .309 .254 .374 .567 .806 1.082 1.420
3 546 1178 15 3 5.90 2.95 2.1 .264 .281 .383 .564 .828 1.135 1.462
4 551 1193 15 4 4.9? 2.52 1.9 .246 .180 .300 .461 .711 1.010 1.290
5 546 1178 15 5 x 1.83 x .24+ 224 .,338 .522 .705 .935
6 546 1179 15 6 X 2.5+ x .276 .193 .316 .460 .6563 .935 1.287
7 546 1178 15 7 X 2.64 x .255 .211 .392 .574 .858 1.135 1.625
Max. .309 .254 .3892 .574 .858 1.135 1.625 1.900
Min. .240 .180 .280 .460 .630 .890 1.200 1.470
Aver .259 .217 .348 .515 .Th4 1.050 1.404 1.728
er- { 13 13 14 14 14 12 9 3
Speci- - Ratio of Hl'/RY' 7 Thickness of spirotheca
men 1 2 38 4 5 6 1 0o 1 2 8 4 b5 6 7
1 1.1 1.4 1.6 1.4 1.5 1.6 1.7 — — .036 .041 .063 .077 .102 .114
2 1.7 1.7 1.8 2.0 2.2 2.4 018 .014 .025 .041 .062 .063 .089
3 1.2 1.4 1.7 1.9 2.2 2.1 — — .034 .044 .077 .080 .086
4 — 1.8 1.6 1.8 1.8 — — .036 .060 .073 .096 .080
5 — — .048 .064 .070 .085
6 — .023 .039 .040 .049 .072
7 .017 .021 .026 .040 .063 .072 .078
Max. 2.0 2.1 2.1 2.0 2.2 2.4 .018 .029 .059 .069 .082 .110 .133 .114
Min. 1.1 1.4 1.5 1.5 1.5 1.6 014 .014 .022 .034 .049 .063 .072 .102
Aver 1.5 1.6 1.8 1.8 1.9 2.0 1.7 .017 .022 .035 .049 .069 .081 .094 .108
' { 5 6 1 9 7 6 1 4 3 11 12 12 10 6 2
Speci- Tunnel angle Septal count
men 1 2 8 4 5 6 1 2 38 4 5 6
1 27 20 25 — 53?7
2 31 30 52 51 74
3 34 — — 38 38 38
4 23 247 30 29 48
5 11 16?7 19?7 227
6 9 13 177 21 24?
7 — 177 20?7 257 267 287
Max. 34 30 52 51 74 38 11 17 20 25 26
Min. 21 20 24 29 31?7 35 9 13 17 21 24
26 32 38 49 37 10 15 19 23 25 28
Aver. {276 5 6 4 &5 2 2 3 3 3 2 1

Remarks.—The generic reference of this species is somewhat doubtful. The general
shell shape, degree of the septal fluting, the spirothecal thickness and the develop-
ment of the chomata of the Akiyoshi form well agree with those of the Chinese
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form from the Chihsia limestone, but the former is larger in relative size of the
shell and the proloculus. These forms may belong to the same species, or may be
closely related if not strictly conspecific. '
Although this species is not comparable with any other species except for the
above one, it seemingly is rather primitive in the biological development. Relatively
weak septal fluting and considerably well development of the chomata of this
species suggest that it is gradational between Triticites and Schwagerina and is
one of the most primitive representative if it is really referable to the latter.

Occurrence.—Schwagerina (?) cf. kueichihensis (CHEN) is fairly common in the Pl3
subzone. It is found in the following four localities: No. 12 limestone of Section
IIT (Loec. 546), No. 2 limestone of Section XXIV (Loc. 551) and Loe. 569 and 572.

Schwagerina krotowi (SCHELLWIEN)
Pl. 15, figs. 8-19

1908. Fusulina krotow: SCHELLWIEN. Palaeontographica, Vol. L'V, pp. 190-192, Pl. XX, figs. 1-10.

1925. Schellwienia krotowi OzZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 6, pp.
27, 28, P1. VII, figs. 5, 6.

1936. Pseudofusulina krotow: HUzZiMoTO. Sci. Repts. Tokyo Bunrika Daigaku, See. C, Vol. 1, No.
2, pp. 82-84, Pl. XV, figs. 1-5, 9-15.

1938. Pseudofusulina krotow: RAUSER-CERNOUSSOVA. Travaux I’'Inst. Géol. Aead. Sei. U. S. S.
R., Tome VII, pp. 143, 144, Pl. IX, figs. 1, 2.

The shell of Schwagerina krotowi (SCHELLWIEN) is small for the genus and
ellipsoidal to short fusiform, with straight axis of coiling, essentially convex lateral
slopes and broadly rounded poles. The typical form of the species is about 5.0 to
6.6 mm long and 2.4 to 3.8 mm wide. In the present materials there are a con-
siderable number of specimens which have a little smaller shell than that of the
typical form. They have a length of 4.1 to 4.7 mm and a width of 2.0 to 3.2 mm.
The form ratio is the same in both the forms, being 1.6 to 2.0.

The proloculus is spherical and small. The outside diameter of the typical
form is ranging from 190 to 261 microns, averaging 256 microns in eleven specimens.
It is a little smaller in another form, being 114 to 234 microns, averaging 178 mie-
rons in nineteen specimens. The shell tightly coils in the first two volutions and
expands moderately rapidly and nearly uniformly in the outer four to five volu-
tions. Average radius vectors of the first to seventh volution of the typical form
in thirteen specimens are 208, 385, 536, 814, 1,161, 1,502, and 1,724 microns, respec-
tively. The radius vector of the corresponding volution of the smaller form is
slightly larger than that of the preceding volution of the typical form; namely,
average radius vectors of the first to seventh volution of the smaller form of
nineteen specimens are 140, 224, 857, 573, 861, 1,120, and 1,283 microns, respectively.
The chambers are almost the same in height throughout the length of the shell.
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The spirotheca consists of a tectum and a coarsely alveolar keriotheca. In the
ultimate volution of an axial section (Pl. 15, fig. 8) 5 alveoli are counted in a
space of 100 microns. It is relatively thin in the inner two or three volutions,
but becomes gradually thick in the outer ones. Average thickness of the spiro-
theca in the first to seventh volution is 25, 84, 53, 64, 77, 92, and 98 microns,
respectively, in ten specimens of the typical form, and is 15, 23, 34, 55, 83, 84,
and 85 microns, respectively, in sixteen specimens of the smaller form. The
proloculus wall is thin and averages 24 microns in six specimens of the typical
form and 15 microns in seven specimens of the smaller one. The spirotheca is
thickest immediately above the tunnel and gradually decreases to the poles.

The septa are thin and considerably closely spaced in the inner volutions, and
are more or less thick and rather widely spaced in the outer ones. Average
septal counts of the first to sixth volution of the typical form in three specimens
are 10, 20, 26, 29, 29, and 85, respectively. Those of the first to seventh volution
of the smaller form in six specimens are 9, 14, 17, 20, 22, 24, and 25, respectively.
The septa are narrowly fluted throughout the length of the shell. The closed
chamberlets are more than half to two-thirds as high as chambers in the central
two-thirds of the shell. In some tangential sections referred to the typical form
with question cuniculi-like structures are observable, although they are very
incomplete.

The tunnel is low and narrow throughout the growth with somewhat irregular
path., Average tunnel angles of the first to sixth volution of two specimens of
the typical form are 28, 25, 25, 20, 20, and 19 degrees, respectively. Those of the
smaller form in the first to seventh volution of eight specimens are 28, 27, 28, 26,
27, 81, and 81 degrees, respectively. The chomata are present in almost all the
volutions. They are less symmetrical in the inner volutions, being extended pole-
wardly to some extent. In the outer volutions they are less massive, rudimentary
in some specimens, and are nearly symmetrical to overhanging to the tunnel sides.

Remarks.—The above description is entirely based on the material collected from
the Akiyoshi limestone group.

As described above, the typical and smaller forms are distinguished in the
present materials of Schwagerina krotowt (SCHELLWIEN). The differences between
them are, however, considered to be not enough to separate the smaller form from
the typical one as a variety. They are seemingly within a limit of variation in a
species.

Also, in the SCHELLWIEN’s original illustration of ‘““Fusulina krotowi’’ these
two forms are recognized ; namely, figs.1 and 6 and figs. 5 and 10 of Pl. XX seem
to represent the typical and smaller forms, respectively. Besides these, two
sagittal sections (figs. 4 and 7) are illustrated in the same plate which are almost
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twice as large as the smaller form in the radius vectors for the corresponding
volution and have much thicker spirotheca. These two specimens seem to be not
conspecific with the others.

Table 50A. Table of Measurements (in Millimeters) of the smaller form of

Schwagerina krotow: (SCHELLWIEN)

Radius vector

Speci-1 .. RE Pl fig. L. W. R. Prol.
men 10~ No, Pl 18 1 2 38 4 5 6 7 8
1 448 1082 15 8 4.13 2.52 1.6 .12+ .095 .178 .201 .442 .628 .877 1.165
2 448 1083 15 9 4.34 2.36 1.8 .15? .185 .245 .383 .577 .880 1.190
3 13 1001 15 10 4.7+ 2.32 2.0 .22+ .160 .259 .448 .639 .920 1.230
4 338 1413 15 11 4.4+ 2.8+ 1.6 .114 .107 .167 .291 .507 .864 1.364
5 492 1116 15 12 x 2.14 x  .196 .144 .231 .368 .674 1.070
6 448 1084 15 13 x 2.16 x  .186 .151 .245 .353 .592 .898 1.150
7 13 1002 15 14 x 2.75 x .22+ .179 .252 .362 .521 .750 1.010 1.360
Max.  .234 .179 .259 .448 .727 1.004 1.364 1.360
Min.  .114 .095 .167 .291 .392 .628 .877 1.140
Aver.{.ns 140 .224 .357 .573 .861 1.120 1.283 1.650
19 19 19 19 19 16 11 3 1
. Ratio of HIL./Rv. Thickness of spirotheca
Speci-
men 1 2 3 4 5 6 7 0 1 2 8 4 5 6 1
1 1.3 1.4 1.7 1.7 1.7 1.6 1.6 — .017 .026 .032 .039 .070 .077 .064
2 2.3 2.6 2.2 2.4 2.2 1.9 — —  .027 .037 .062 .078 —
3 — 25 21 2.2 1.9 1.7 — — .035 .049 .062 .085 .107
4 2.0 2.4 2.4 2.1 1.8 — .06 — .029 .063 .086 .107
5 .017 .014 .021 .039 .062
6 .016 .019 .025 .032 — .088 .057
7 .012 .012 .021 .021 .050 .069 .08L .100
Max 2.5 2.6 2.6 2.4 2.2 2.0 .018 .019 .035 .049 .070 .089 .107 .100
Min. 1.3 1.4 1.7 1.7 1.7 1.6 .011 .008 .016 .021 .037 .062 .057 .064
2.0 2.2 2.2 21 1.9 1.8 1.6 .015 .015 .023 .034 .055 .083 .084 .085
A""1"‘{7888741 7 11 15 16 16 14 9 3
Speci- Tunnel angle Septal count
men 1 2 3 4 5 6 7 i 2 3 4 5 6 7
1 — 24 21 2 — 2 31
2 — 29 28 27 28 26
'3 — 30 382 2 33 40
4 — 22 29 29 271 32
5 9 14 2 21
6 7 12 17 19 217 267
7 9 11 14 17 18 19 227
Max 30 33 382 29 33 40 11 16 2 24 25 27 28
Min 2 22 22 28 24 2 7 11 14 17 18 19 22
Aver. {28 27 28 2 27 31 8 9 14 17 2 22 24 2
2 8 8 17 5 5 1 6 6 6 6 4 3 2
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Table 50B. Table of Measurements (in Millimeters) of the typical form of
Schwagerina krotowi (SCHELLWIEN)

Radius vector

Speci- Rg.
e Loc. 35 Pl fig. L. W. R. Prol

1 2 8 4 5 6 7T 8
8 493 1118 15 15 5.09 3.22 1.6 .190 .175 .307 .482 .720 1.027 1.410 1.750
9 493 1117 15 16 5.4+ 3.56 1.5+ .236 .206 .338 .580 .923 1.226 1.538 1.980
10 619 1229 15 17 x 3.2+ x .24+ .269 .399 .589 .800 1.141 1.492
11 619 1283 15 18 x 2.42 x  -33°x.280 .469 .728 1.039 1.320
12 368 1067 15 19 x 8.1+ x .238 .215 .338 .567 .886 1.226 1.603

Max. .261 .280 .469 .728 1.039 1.320 1.860 1.980
Min. .190 .113 .212 .390 .701 .905 1.200 1.51+

A .256 .208 .335 .536 .814 1.161 1.502 1.724 1.992
ver. { 11 13 138 18 12 12 9 4 1
Speci- Ratio of HI./Rv. Thickness of spirotheca
men 1 2 3 4 5 6 1 o 1 2 38 4 5 6 1

8 1.6 2.2 1.9 1.6 1.6 1.6 — —  .025 .039 .066 .074 .107

9 2.7 2.5 2.0 1.8 1.8 1.9 .02 .028 — — .072 .078 .106 .107

10 — —  .026 .037 .054 .065 .081

11 .025 .020 .037 .052 .075 .071

12 .02 — .040 .077 .082 .096 .104
Max. 2.7 2.5 2.1 2.0 2.0 2.0 .02 .031 .043 .077 .082 .105 .107 .107
Min. 1.6 2.0 1.9 1.6 1.6 1.6 021 .020 .024 .036 .046 .049 .074 .080
A 2.2 2.2 2.0 1.8 1.8 1.8 2.0 .024 .025 .034 .053 .064 .077 .092 .098

ver. { 2 3 38 3 3 3 1 6 5 9 10 10 9 8 5
Speci- Tunnel angle Septal count
men 1 2 3 4 5 6 1 2 38 4 5 6

8 25 25 2 — 22 2

9 312 25 — 2 19 18

10 — — 2 3 31 3

11 10 21 27 31

12 — - — 2 21 83
Max. 10 21 27 8 31 36
Min 10 19 2 25 271 38
Aver 28 25 25 2 20 19 10 2 2 29 29 35

: 2 2 1 1 2 2 2 2 38 3 2 2

Schwagerina krotow: (SCHELLWIEN), so far has been known, is widespread in
the Lower Permian formation in this country, but has hitherto been described and
illustrated only from the Akiyoshi limestone and the Kwanto massif by Ozawa
and HuzIMoToO, respectively. Of these, the 0zAwA’s specimen (Pl. VII, fig. 5, sec-
tion II-14 in his collection) well agrees with the smaller form of my materials in
all the essential characters, although it has more numerous volutions than any of
the specimens at my hand. Most of the HUZIMOTO’s specimens, judging from his
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illustration, also seem to be referable to the smaller form of the Akiyoshi speci-
mens.

Occurrence.—Schwagerina krotowi (SCHELLWIEN) is one of the characteristic species
of the PIB subzone, although it ranges upward into the Ply subzone. However its
occurrence in the latter subzone is very much limited and the number of indivi-
dual is very few. The following localities are known: No. 2 limestone of Section
VIA (Loc. 448), Nos. 2 and 3 limestones of Section X (Loc. 492 and 493, respec-
tively), No. 4 limestone of Section XX (Loc. 338), No. 6 limestone of Section XXVI
(Loe. 755), and Loec. 18, 365, 368, 613, 619, and 714.

Schwagerina tschernyschewi (SCHELLWIEN)
Pl. 16, figs. 1-7
1908. Fusulina tschernyschew: SCHELLWIEN. Palaeontographica, Vol. LV, pp. 168-170, Pl. XIV,
1934, ?’i:';cdi;;s:ulina tschernyschewi CHEN. Palaeontologia Sinica, Ser. B, Vol. IV, Fasc. 2, pp.
52-54, Pl III, fig. 5; Pl IV, fig. 2; Pl VII, figs. 18-15; PL X, figs. 1-11, 15, 17, 19; PL
X1V, figs. 5-10.
1936. Pseudofusulina tschernyschewi HUZIMOTO. Sci. Repts. Tokyo Bunrika Daigaku, See. C,
Vol. 1, No. 2, pp. 84-86, Pl. IX, fig. 7; PL. XVI, figs. 1-8.
1938. Pseudofusulina tschernmyschewi RAUSER-CERNOUSSOVA. Travaux 1’Inst. géol. Acad. Sci. U.
S. S. R., Tome VII, pp. 140-142, P1. VIII, fig. 8.

The shell of Schwagerina tschernyschewi (SCHELLWIEN) is subeylindriecal, with
straight axis of coiling, flat or somewhat depressed median portion, convex lateral
slopes, and rounded poles. The number of volution is 5 to 6, rarely attaining 7.
Mature specimens of five to six volutions are 3.9 to 5.5 mm long and 1.6 to 2.4 mm
wide, giving a form ratio of 2.0 to 2.6. Fully grown shells of seven volutions are
about 6.5 mm long and 8.2 mm wide. The shell remains nearly the same axial
profile throughout the growth. Average ratios of the half length to the radius
vector of the first to seventh volution in nine specimens are 1.8, 2.0, 2.1, 2.0, 2.0,
1.8, and 1.7, respectively.

The proloculus is small and spherical, with an outside diameter of 180 to 294
microns, averaging 249 microns in seventeen specimens. The shell is relatively
tightly coiled in the first two volutions and expands more or less rapidly and
almost uniformly in the outer ones. Average radius vectors of the first to sixth
volution in twenty-one specimens are 202, 318, 485, 710, 970, and 1,322 microns,
respectively. The chambers are almost the same in height throughout the length
of the shell.

The spirotheca is typical for the genus, consisting of a tectum and a coarsely
alveolar keriotheca. Average thickness of the spirotheca in the first to sixth
volution for thirteen specimens is 21, 31, 45, 59, 69, and 67 microns, respectively.
The proloculus wall is moderately thick and structureless, with an average thick-
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Table 51. Table of Measurements (in Millimeters) of Schwagerina tschernyschewi
(SCHELLWIEN)
. Re. Radius vector
Specimen Loc. ;" Pl fig. L. W. R. Prol
1 2 3 4 5 6 7
1 496 1123 16 1 5.45 2.25 2.4 .270 .206 .322 .540 .809 1.080
2 457 1090 16 2 4.8+ 2.36 2.0 .261 .196 .294 .436 .677 .972 1.312
3 459 1094 16 3 4.4+ 2.25 2.0 .259 .200 .307 .491 .690 .951
4 317 1556 16 4 4.29 2.08 2.1 .253 .196 .261 .368 .513 .668 .864 1.055
5 758 1749 16 5 x 1.6l x 228x 175 .282 .380 .570 .813
6 714 1234 16 6 4.10 1.82? 2.3 .231 .162 .264 .448 .724 .978
7 714 1236 16 7 x 2.15 x .18 .138 .227 .362 .613 .975
Max. .294 .233 .404 .613 .837 1.100 1.450 1.656
Min. .180  .138 .227 .362 .513 .668 .864 1.056
Aver. { .249 .202 .318 .485 .710 .970 1.322 1.435
17 20 20 21 21 17 7 3
Ratio of HI./Rv. Thickness of spirotheca
Specimen
1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
1 — 2.5 211 23 2.1 — — .037 .057 .074 .087
2 1.5 1.8 1.9 1.8 2.0 1.9 .019 .013 .030 .034 .048 .063 .069
3 1.9 2.4 2.4 23 2.3 025 .025 .041 .061 .066 .070
4 — — 1.8 1.8 1.9 1.8 1.8 .015 .014 .013 .019 .036 .036 .051
5 .020 .021 .029 .035 .055 .060
6 .014 .018 .030 .046 .072
7 .017 .025 .035 .035 .072 .089
Max. 1.9 2.5 24 2.4 2.3 1.9 1.8 .026 .026 .041 .064 .092 .089 .081
Min. 1.5 1.5 1.5 1.5 1.6 1.7 1.6 .014 .014 .013 .019 .036 .036 .051
Aver. { 1.8 2.0 2.1 2.0 2.0 1.8 1.7 .019 .021 .031 .045 .059 .069 .067 .099
5 8 9 9 7 3 2 7 9 11 12 13 11 3 1
Tunnel angle Septal count
Specimen
1 2 3 4 5 6 1 2 3 4 5
1 29?7 30 32 32
2 31 40 47 — 36?
3 — — 37 267
4 35?7 37 38 — 417 43?7
5 8 12 16 16+ 17+
6 18 18 29 27
7 11 14 16 20 25
Max. 357 40 47 32 41?7 11 17 23 23 31
Min. 18 18 29 267 31 8 12 16 16 17+
Aver. { 28 29 36 28 36 43?7 9 15 19 20 25
4 5 6 4 3 1 3 4 4 4 4

Specimens 6 and 7 are referred to this species with question.
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ness of 19 microns in seven specimens.

The septa are relatively widely spaced. In most parts of the shell they are
seemingly coated by dense materials, forming club-shaped profiles in the sagittal
sections. Average septal counts of the first to fifth volution in four specimens
are 9, 15, 19, 20, and 25, respectively. The septa narrowly fluted throughout the
length of the shell. The fluting reaches to the tops of the chambers in the polar
regions, but it is half to two-thirds as high as the chambers in the central portion
of the shell.

The tunnel is low and narrow throughout the growth, with somewhat irregular
path. Average tunnel angles of the first to sixth volution of six specimens are
28, 29, 36, 28, 36, and 43? degrees, respectively. The chomata occur throughout
all but for the outer one or two volutions. They are however rather rudimentary
in development, being low and small, with steep to overhanging tunnel sides and
less steep poleward slopes.

Remarks.—The above description is based on the materials obtained from the Aki-
yoshi limestone group. Although they are not sufficient for detailed comparison,
they agree closely in all the measurable details with the types of ‘“‘Fusulina
tschernyschewi’ from Timan, Russia. Because no exactly oriented axial section
is available in my collection, further detailed discussion seems to be not advisable
here.

Schwagerina tschernyschewi (SCHELLWIEN) is, like as S. krotowi (SCHELLWIEN),
rather widespread in the Lower Permian formations of Japan, but has been de-
scribed and illustrated by HuziMoTto (1936) only from the Kwanto massif. As well
as in the present materials no exactly oriented axial section is available in his
specimens, but both the Akiyoshi and Kwanto forms are not recognized to be
specifically distinguished from each other.

Occurrence.—Schwagerina tschernyschewi (SCHELLWIEN) was originally reported
from the Ci (Cora horizont) and Cj (Schwagerinenkalk) of Timan, Russia, but its
stratigraphical range in the Akiyoshi limestone group is limited only to the PI8
subzone. The true range of the species may, however, be a slightly longer than
P13, ranging upward into P17 or downward into Pla.

It has been obtained from the following localities: No. 1 limestone of Section
XVIII (Loc. 817), No. 4 limestone of Section XXIV (Loc. 550), No. 8 limestone of
Section XXVI (Loc. 758), and Loe. 457, 459, 475, 496, and T14.

Schwagerina regularis (SCHELLWIEN)
Pl 16, figs. 815

1898. Fusulina regularis SCHELLWIEN. Palaeontographica, Vol. XLIV, pp. 250, 251, Pl. XIX,
figs. 1-6.
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1912. Fusulina regularis DEPRAT. Mém. Serv. Géol. I'Indochine. Vol. I, fasc. III, pp. 28, 29,
Pl. VII, figs. 14, 15.

1927. Schellwienia regularis LEE. Palaeontologia Sinica, Ser. B, Vol. IV, fasc. 1, pp. 50-52,
Pl. VII, figs. 8-10.

1936. Pseudofusulina regularis Huzmmoro. Seci. Repts. Tokyo Bunrika Daigaku, Sec. C, Vol. 1,
No. 2, pp. 94, 95, Pl. X, figs. 9-11; Pl. XVIII, fig. 1.

The shell of Schwagerina regularis (SCHELLWIEN) is moderate in size and
elongate fusiform, with straight to slightly arching axis of coiling, convex to
slightly irregular lateral slops, and bluntly pointed poles. A typical specimen of
five and a half volutions is 7.6 mm long and 2.7 mm wide, giving a form ratio of
2.8. Mature specimens of five to six volutions are 6.4 to 7.6 mm long and 1.8 to
3.3 mm wide, giving form ratios of 2.7 to 2.9. The first volution is subspherical
to short fusiform. The polar ends of the succeeding one to two volutions are
sharply pointed. The axis of coiling becomes rapidly extended in the outer volu-
tions where the polar ends become less pointed. Average ratios of the half length
to the radius vector of the first to sixth volution in eight specimens are 2.1, 2.4,
2.4, 2.5, 2.8, and 2.5, respectively.

The proloculus is relatively large and spherical, having an outside diameter of
176 to 280 microns and averaging 212 microns for thirty specimens. The shell coils
relatively slowly in the first two volutions but expands rapidly and uniformly in
the succeeding outer volutions. Average radius vectors above the tunnel in the
first to sixth volution in thirty-five specimens are 167, 276, 446, 716, 1,027 and
1,347 microns, respectively. The chambers are about the same in height in the
central half of the shell but increase poleward in the end half to third of the
outer volutions. ’

The spirotheca is moderately thick for the size of the shell and distinctly
alveolar. Alveoli are, however, not observable in the first one to one and a half
volutions. The spirotheca is somewhat irregular in thickness in the outer volu-
tions. Average thickness of the spirotheca above the tunnel in the first to sixth
volution in twenty-eight specimens is 18, 80, 50, 72, 90, and 83 microns, respectively.
The proloculus wall is considerably thick and apparently structureless, consisting
of a single homogeneous layer. Average thickness of the proloculus wall is 19
microns in eleven specimens.

The septa are thin and moderately widely spaced, consisting of the downward
deflection of the tectum and 'the distinet pycnotheca. In the inner volutions,
however, the pycnotheca is sometimes hard to be discernible, and the septa are
coated by the secondary deposits from the chomata, giving them a thick and
pendant-shaped cross section. The lower margins of the septa are fluted through-
out the length of the shell, but the upper margins are plane except in the polar
extremities. Average septal counts of the first to sixth volution in twelve speci-
mens are 10, 17, 21, 23, 26, and 28, respectively.
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Table 52. Table of Measurements (in Millimeters) of Schwagering regularis (SCHELLWIEN)

. Rg. Radius vector
Specimen Loc. 3 Pl fig. L. W. R. Prol
1 2 3 4 5 6
1 272 1539 16 8 7.60 2.70 2.8 .280 .219 .328 .568 .879 1.289
2 322 1560 16 9 6.6+ 2.25 2.9 .247 171 .267 .418 .613 .904 1.184
3 571 1673 16 10 6.43 2.41 2.7 — — .252 .430 .671 .980 1.320
4 272 1540 16 11 x 2.82 x .221  .180 .261 .412 .661 .961 1.330
5 329 1568 16 12 x 1.67 x .187 .189 .309 .530 .830
6 606A 1683 16 13 X 2.63 x .230  .193 .291 .460 .733 1.043 1.416
7 829 1566 16 14 x 214 x -3%x .200 .328 .549 .810 1.110
8 272 1540 16 15 x 220 x .109 .135 .212 .331 .521 .862 1.201
Max. .280 .219 .328 .568 .920 1.289 1.660
Min. 176,123,187 .330 .521 .810 1.184
Aver. 212 \167 .276 .446 .716 1.027 1.347
30 31 33 34 35 28 17
Ratio of Hl./Rv. Thickness of Spirotheca
Specimen
1 2 3 4 5 6 0 1 2 3 4 5 6
1 2.1 33 3.0 28 28 .028 .024 .047 .080 .100 .122
2 1.9 24 2.8 2.9 31 29 — .016 .027 .048 .056 .096 .078
3 — 3.2? 2.6 3.0 3.0 2.7 — — — .064 .080 .115 .067
4 .019 .018 .033 .052 .085 .089 .075
5 — —  .0427 .056 .080
6 .017 .020 — .050 .088 .095 .084
7 .024 .028 .038 .058 .075 .094
8 .016 .017 .023 .042 .066 .099 .089
Max. 2.8 33 3.0 30 35 29 .028 .028 .047 .085 .100 .122 .101
Min. 1.8 1.5 1.7 2.0 19 21 .013 .011 .016 .028 .047 .063 .062
Aver. { 21 24 24 25 2.8 25 .019 .018 .030 .050 .072 .090 .083
5 8 8 7 6 4 11 22 25 28 28 22 11
Tunnel angle Septal count
Specimen
1 2 3 4 5 1 2 3 4 5 6
1 33 37T 384 42 47
2 — — 48 49
3 - — 3 3 3
4 9 16 20 25 29 30
5 12 18 21 25
6 107 19?7 23?7 27 25 32
7 11?157 21 27 27
8 10 15 17 22 25 26+
Max 48 49 49?7 13 217 22 297 29 32
Min. 31 39 3 7 147 17 20?7 23 24
Aver { 33 37 38 43 42 10 17 21 23 26 28
: 1 1 4 4 2 11 12 12 11 6 4
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The tunnel is wide with a path almost straight. Average tunnel angles of the
first to fifth volution in four specimens are 33, 37, 38, 43, and 42 degrees, respec-
tively. The chomata are only developed in the inner one or two volutions where
they are low and asymmetrical.

Remarks.—A number of specimens here referred to Schwagerina regularis (SCHELL-
WIEN) are almost identical with the original types from the Carnic Alps.

So far has been reported, Schwagerina regularis (SCHELLWIEN) is known in
Japan from the C; of the Kwanto massif, and the Dai and Serita formations of
the western part of the Yamaguchi Prefecture (Torivama, 1954). Of these only
the form from the Kwanto massif was described and illustrated by Huzimoro
(1936). None of his axial sections is exactly well oriented and is adequate to
detailed comparison. ‘

Occurrence.—This species has been obtained from the following localities : Nos. 6,
7, 9, and 12 limestones of Section III (Loc. 541, 542, 543A, and 546, respectively),
No. 4 limestone of Section VIII (Loe. 322), No. 2 limestone of Section XII (Loe.
606A), No. 3 limestone of Section XIII (Loe. 571), No. 1 limestone of Section XXII
(Loc. 329), No. 4 limestone of Section XXIII (Loe. 272), and Loec. 218*. The strati-
graphical range of this species is the P13 to P17 subzone of the Akiyoshi limestone
group, but it is more common in the former.

Schwagerina cf. alpina var. rossica (SCHELLWIEN)
Pl. 16, figs. 17-19

1908. Fusulina alpina var. rossica SCHELLWIEN, Palaeontographica, Vol. LV, pp. 171, 172, PL
XV, figs. 5-18; Pl. XVI, figs. 1, 2.

Only two axial and one sagittal sections of this form have been obtained,
which are tentatively referred to Schwagerina alpina var. rossica (SCHELLWIEN)
with question. Although my material is not sufficient to give a full description,
I describe and illustrate the species for completeness’ sake.

The shell of Schwagerina cf. alping var. rossica (SCHELLWIEN) is relatively
large and elongate fusiform, with nearly straight axis of coiling, convex to some-
what irregular lateral slopes and broadly rounded poles. One of the illustrated
axial section (Pl. 16, fig. 17) has a length of 8.6 mm and a width of 8.4 mm, giving
a form ratio of 2.6. The first volution is seemingly subspherical or short fusiform,
and the axis becomes extended rapidly from the second volution to the last.
Ratios of the half length to the radius vector of the first, second, third, fifth, and
sixth volution of the same section are 1.8, 2.8, 2.8, 2.9, and 2.4, respectively.

The proloculus is small and spherical, with an outside diameter of 138 to 198

* Loc. 218 belongs to the Dai formation described in Part II of this paper.
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microns, averaging 175 microns in three specimens. The shell considerably tightly
coils in the first two volutions, but expands rapidly from the third volution to
maturity. Averages of the radius vectors of the first to sixth volution of three
specimens are 162, 277, 478, 789, 1,137, and 1,850? microns, respectively.

The spirotheca is typical for the genus, consisting of a tectum and a relatively
coarse keriotheca. However alveoli cannot be discernible in the inner volutions.
The spirotheca raipdly increases in thicknéss, averaging 17, 33, 51, 79, and 90 mic-
rons, respectively, in the first to fifth volution of three specimens. The proloculus
wall is also thin and seemingly structureless. It is measured 12 microns in the
illustrated axial section.

The septa are thin and moderately spaced. They are formed of the downward
deflection of the tectum and clear pycnotheca. The septal counts of the first to
fifth volution of the illustrated sagittal section are approximately 8, 16, 21, 22, and
23, respectively. The septa are relatively narrowly and highly fluted throughout
their length. The closed chamberlets are nearly half as high as the chambers in
the central parts of the shell, and become higher poleward.

The tunnel is low and considerably broad and its path is nearly straight. The
tunnel angles of the first to third volution of the illustrated axial section are 30,
86, and 44 degrees, respectively, and those of the second to fifth volution of another

Table 53. Table of Measurements (in Millimeters) of Schwagerina cf. alpina var. rossica
(SCHELLWIEN)

Radius vector

Specimen Loc. ﬁ% Pl. fig. L. W. R. Prol
’ 1 2 3 4 5 6

1 608 1217 16 17 8.6+ 3.38 2.6 .138 .147 .280 .564 .966 1.230 1.85?
273 1039 16 18 6.57 2.26 2.9 .198 .189 .288 .471 .741 1.157
3 273 1041 16 19 x 2,35 x .189  .151 .262 .401 .660 1.030

Aver. .175 .162 .277 .478 .789 1.137 1.85?7

[

Ratio of HI./Rv. Thickness of Spirotheca
Specimen
1 2 3 4 5 6 ] 1 2 3 4 5
1 1.8 2.3 2.8 — 29 24 .012 .015 .039 .056 .100 .091
2 1.3 1.7 17 1.8 2.67 —  .019 .027 .052 .080
3 .019 .018 .033 .045 .056 .089
Aver. 1.6 20 2.2 1.8 27 24 .016 .017 .033 .051 .079 .090
Tunnel angle Septal count
Specimen
1 2 3 4 5 1 2 3 4 5
1 30 36 44
2 — 32 26 31 40?
3 8 16?7 21?7 227 23?7

Aver. 30 34 35 31 407




Geology of Akiyoshi 145

axial section are 32, 26, 31, and 40 degrees, respectively. The chomata occur only
in the inner three volutions and are rather rudimentary in development, being
small and nearly symmetrical in the axial profile.

Remarks.— The specimens here referred to Schwagerina alpina var. rossica
(SCHELLWIEN) with question are insufficient in number, from which not enough
information for detailed specific comparison is available.

LEE (1927) pointed out that SCHELLWIEN’s three varieties of “Fusuline alpina’’,
antiqua, fragilis and communis are merely different in their stratigraphical oceur-
rence, and that there is no reason to distinguish these varieties from “F. alpina
s. str.” owing the fact that forms approach all these varieties occur side by side
in Yatzetsi, Shenhsien, Honan. So far as the Russian specimens ‘are concerned the
LEE’s opinion seems to be correct, but judging from his illustrations, the majority
of the Honan specimens have so much complicated and irregular septal fluting that
they seemingly are not conspecific with Schwagerina alpina emend. LEE also
insisted that one of variety, rossica only deserves to be an independent species
because of having a stouter shape of shell and much more regularly folded septa.
However SCHELLWIEN’s illustrations (Pl. XV, figs. 5-13) show that their septa are
not so regularly fluted, and rossica seemingly is distinguished from alpina s. str.
in smaller size of the proloculus and slower rate of the expansion.

The Akiyoshi specimens fairly well agree with the Russian form in the size
of the proloculus, the rate of expansion, and the intensity and irregularity of the
septal fluting, but differ from the latter in having thicker shell and slightly
thicker spirotheca in the outer volutions.

Further study of this form will be necessary before the definite specific
determination is made.

Occurrence.—Schwagerina cf. alpina var, rossica (SCHELLWIEN) is known only from
the following two localities: No. 5 limestone of Section XII (Loec. 608) and No. 5
limestone of Section XXIII (Loc. 273). The stratigraphiéal range of this species is
restricted only to the PI13 subzone in the Akiyoshi limestone group.

Schwagerina cf. otukai (HUzIMOTO) (?)
Pl 16, fig. 20
1936. Pseudofusulina otukai HuziMoro. Sci. Repts. Tokyo Bunrika Daigaku, Sec. C, Vol. 1, No.

2, pp. 62, 63, PL. VI, fig. 11; PL. VII, figs. 1, 2.

Specimens here referred to Schwagerina otukai (HuziMmoro) with question are
very rare, being represented by only two axial sections collected from two loecalities.
However, for completeness’ sake, I briefly describe the species and illustrate one
of the axial sections.
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The shell of Schwagerina cf. otukats (Huzimoro) (?) is large and inflated fusi-
form, with nearly straight axis of coiling, convex to almost straight lateral slopes,
and bluntly pointed poles. The illustrated specimen of six volutions is 8.3 mm
long and 4.1? mm wide, giving a form ratio of 2.0. The shell retains almost the
same axial profile throughout the growth. The ratios of the half length to the
radius vector of the first to sixth volution of the illustrated axial section are 2.4,
2.2, 2.1, 2.5, 2.1, and 2.2, respectively.

The proloculus is relatively small. Its outside diameter is 240 microns in the
illustrated axial section. That of another axial section (Rg. No. 1501) is 260 mic-
rons. The shell relatively tightly coils in the first three volutions but expands
rapidly and nearly uniformly in the outer three volutions. The radius vectors of
the first to sixth volution of the illustrated axial section are 192, 307, 442, 705,
1,165, and 1,618 microns, respectively. Those of another axial section are 208,
338, 574, 770, 1,180, and 1,530 microns, respectively. The chambers are almost the
same in height throughout their length except for the extreme polar regions.

The spirotheca is typical for the genus. Alveoli of the keriotheca are rather
coarse in the outer volutions but hardly discernible in the inner ones. The spiro-
theca rapidly increases in thickness from the first to the last volution. Thickness
of 17, 27, 85, 61, 107, and 127 microns is measured in the first to sixth volution of
the illustrated axial section, respectively.

The septa are highly and narrowly fluted throughout the length of the shell.
The closed chamberlets almost reach to the tops of the chambers even in the
central portion of the shell. The septal counts and other characters of the septa
are unknown.

The tunnel is low and narrow with somewhat irregular path. The tunnel
angles of the first to sixth volution of the illustrated axial section are 25, 24, 20,
25, 302, and 27? degrees, respectively. The chomata occur in the inner volutions
where they are asymmetrical with steep tunnel sides and gentle poleward slopes.
They do not occur in the outer volutions. Dense deposits fill the axial portions
of the chambers in the inner three volutions.

Remarks.—As described above the specimens here referred to Schwagerina otukai
(HuzimoTo) with question are so insufficient that enough information is not available
for the specific comparison.

The Akiyoshi specimens of S. cf. otwkai(?) differ from the type specimen* from
Kané-san, Kwanto massif in having a slightly smaller form ratio, larger proloculus,
more rapid expansion of the shell, and thicker spirotheca in the outer volutions.

Occurrence.—The specimens here studied are obtained from No. 6 limestone of

* Since HuziMoTO did not designate the holotype specimen, fig. 1 of Pl. VII (Rg. No. 472) is
designated here as the lectotype of Schwagerina otukat (HUZIMOTO).
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Section VI (Loc. 452) and Loc. 4, both of them are referable to the PIg.

Schwagerina cf. royandersoni THOMPSON, WHEELER, and DANNER
Pl 17, figs. 1, 2

1950. Schwagerina andersoni THOMPSON, WHEELER, and DANNER. Contrib. Cushman Found.
Foram. Res., Vol. I, Pts. 3 & 4, pp. 55, 56, Pl. 4, figs. 1-5; Pl 8, fig. 13 (?)

1953. Schwagerina royandersoni THOMPSON, WHEELER, and DANNER. Footnote of p. 547 in
THOMPSON, PITRAT, and SANDERSON, Jour. Palaont., Vol. 27, No. 4.

Specimens here referred to Schwagerina royandersoni THOMPSON, WHEELER,
and DANNER with question are very rare in my collection gathered from five
localities. Since THOMPSON, WHEELER, and DANNER gave the description in detail,
there is no need to add further description except for the difference between the

Table 54. Table of Measurements (in Millimeters) of Schwagerina cf. royandersoni
THOMPSON, WHEELER, and DANNER

. Radius vector
Speck- g0 Rg.No. PL. fig. L. W. R. Prol

moen 1 2 3 4 5 6 71 8
1 567 2012 17 1 6.3+ 4.0+ 1.6 .184 — .307 .430 .665 .965 1.296 1.730 2.004
2 552 1632 17 2  5.09 2.38 2.1 .156 .138 .233 .360 .613 .951 1.23+
3 567 2015 x 0.77 x  .196 .170 .264 .400
Max. 196 .170 .307 .430 .665 1.160 1.580 1.730 2.004
Min. 159 .107 .190 .280 .454 .725 1.058 1.316 1.603
Aver 168 .133 .231 .357 .585 .936 1.244 1.505 1.804
¥ { 5 4 8 9 8 17 6 4 2
Speci- Ratio of HL/Rv. Thickness of spirotheca
men. 4 2 3 4 5 6 1 8 0 1 2 3 4 5 6 17 8
1 - — — — — 18 16 1.6 — — 027 — .052 .062 .097 .097 .107
2 — 19 22 — — 24 —  —  — .047 .088 .085
3 .015 .016 .029 .041
Max. 1.9 2.9 2.4 22 24 2.2 18 .018 .029 .047 .088 .085 .122 .097 .107
Min. 1.9 1.7 1.7 1.4 15 16 1.6 .016 .014 .024 .051 .052 .065 .08l .089
Avep f1:8 1.9 22 20 1.8 20 19 1.7 .015 .017 .025 .039 .059 .071 .092 .087 .098
{ 1 2 6 5 4 &5 3 2 i 2 b5 6 8 17 b5 3 2
Speci- Tunnel angle Septal count
men 1 2 3 4 5 6 7 1 2 3
1 _ — — 24 23 23 23
2 2717 381 32 28 27
3 11 15 18
Max. 2717 31 32 31 27 23
Min. 23 21 26 20?7 23 22
A 25 26 28 26 24 23 23
ver. 2 2 3 4 3 2 1
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American form from Washington and the Akiyoshi form.

Although the present materials are very insufficient in number and all the
available sections are not exactly oriented it seems that the Akiyoshi form is
considerably smaller. The holotype of Schwagerina royandersoni is 10.0 mm long
and 5.2 mm wide, whereas the largest specimen at my disposal is about 6.3 mm
long and 4.0 mm wide. They are also somewhat different in the mode of expansion
of the shell ; namely, the Akiyoshi form is a little faster in the inner five or six
volutions in the rate of expansion, but slower in the outer two or three volutions.
Another difference between them is the thickness of the spirotheca in the outer
volutions. The holotype of Schwagerina royandersoni has a thickness of 191, 190,
and 220 microns in the seventh to ninth volution, respectively, whereas the maxi-
mum thickness of the seventh and eighth volution in the Akiyoshi form is 97 and
107 microns, respectively.

Although the above differences are somewhat clear, all other important features
are almost the same in both the forms. Therefore, two forms may represent
regional variations of the same species, and the differences between them seemingly
are not of enough magnitude to distinguish species,

Occurrence.—In British Columbia Schwagerina royandersoni THOMPSON, WHEELER,
and DANNER was reported from the zone of Yabeina, associating with Y. casca-
densis (ANDERSON) and Codonofusiella duffelli ? THOMPSON, WHEELER, and DANNER,
whereas the species seemingly has more wide stratigraphical range in the Akiyoshi
limestone group; namely, it occurs in the P13 subzone of Section XXIV and the
Pma and Pmp subzones of Section X, but is not known in the Pmd subzone which
is considered to be equivalent with the zone of Yabeina in British Columbia. The
specimens here studied have been obtained from Nos. 8 and 10 limestones of Sec-
tion X (Loc. 567 and 568A, respectively), No. 5 limestone of Section XIV (Loc. 101),
No. 1 limestone of Section XXIV (Loe. 552), and Loc. 784.

Schwagerina (?) satoi (OZAWA)
Pl 17, figs. 3-8
1925. Schellwienia satoi Ozawa. Jour. Coll. Sei. Imp. Univ. Tokyo, Vol. XLV, Art. 6, pp. 44,
45, Pl. VIII, figs. 4, 6a, 8; Pl IX, fig. 3%

The shell of Schwagerina (?) satoi (0zAwa) is moderate in size and highly
inflated fusiform, with straight axis of coiling, convex to slightly irregular lateral
slopes, and bluntly pointed poles. A typical mature shell of six volutions is 6.0
mm long and 8.8 mm wide, giving a form ratio of 1.8. The ratios of the half
length to the radius vector of the first to sixth volution in the same specimen are
2.0, 2.5, 2.2, 2.2, 1.8, and 1.8, respectively. These figures show that the shell is
somewhat slender in the first two volutions and that the axis becomes extended
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gradually as the shell grows, retaining almost the same axial profiles in the outer
volutions.

The proloculus is spherical and minute, with outside diameters of 100 to 199
microns, averaging 137 microns in seven specimens. The inner two to three volu-
tions, sometimes three and a half volutions, are tightly coiled, but the shell expands
rapidly from the third or fourth volution to the last. Average radius vectors of
the first to sixth volution in ten specimens are 119, 196, 330, 590, 1,031, and 1,593
microns, respectively. The height of the chambers is nearly the same throughout

Table 55. Table of Measurements (in Millimeters) of Schwagerina (?) satoi (OZAWA)

R Radius vector
Specimen  Loe. N%. Pl fig. L. W. R. Prol.

1 2 3 4 5 6

1* Ozawas I-71 17 4 6.70 3.23+ 2.1 — .08? .153 .276 .555 1.043 1.588
2 337 1056 17 3 5.98 3.32 1.8 .130 .101 .165 .280 .601 1.180 1.730
3 15 602 17 5 x 2.68 X .199 144,227 .337 .445 .781 1.337
4 15 601 17 6 x 811 x .109 .107 .178 .310 .571 1.030 1.571
5 337 1058 17 7 x 2.54 X .100 .095 .155 .261 .461 .780 1.360
Max. .199 (144 .250 .424 770 1.280 1.850
Min. .100 .089 .155 .261 .445 .770 1.33?
Aver. { .137 0119 .196 .330 .590 1.0381 1.593
7 7 7 9 10 10 8
Ratio of Hl./Rv. Thickness of spirotheca
Specimen
1 2 3 4 5 6 0 1 2 3 4 5 6
1* 21 1.9 1.9 1.7 1.8 2.3 — — .017 .020 .050 .064 .080
2 20 25 22 22 1.8 1.8 — .014 .014 .037 .056 .066 .085
3 .018 .018 .019 — .036 .071 .073
4 .016 .020 .021 .027 .045 .045 .086
5 — .017 .017 .028 .049 .051 .069
Max. .018 .020 .021 .037 .061 .071 .086
Min. .016 .013 .014 .026 .036 .046 .046
Aver. .017 .016 .019 .029 .042 .058 .073
2 6 6 5 7 8 7
Tunnel angle Septal count
Specimen
1 2 3 4 5 6 1 2 3 4 5 6
1* 29 29 29 37 36 247
2 22 30 34 34 29 23?7
3 — 15?7 - - -
4 8 13 16 19 21
5 9 4 177 20 217 267
Max. e e 9 15 20 24 27 347
Min. _ = = = = = 8 13 16 19 21 267
Aver { 22 30 31 33 34 23 9 14 18 21 25 30
: 1 1 2 2 2 1 2 4 3 4 4 2

* The statistics of the specimen 1 is excluded from the averages.
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the length of the shell except for the extreme polar regions.

The spirotheca is typical in structure for the genus, consisting of a tectum
and a finely alveolar keriotheca. It is considerably thin in the earlier part of the
shell, but increases in thickness rather rapidly in the inflated outer volutions.
Average thickness of the first to sixth volution for eight specimens is 16, 19, 29,
42, 58, and 78 microns, respectively. The proloculus wall seems to be thin, being
16 microns in one of sagittal sections (Pl. 17, fig. 6).

The septa are very thin, being composed of the downward deflection of the
tectum and the pycnotheca, the latter of which is, howe\éer, not observable in
some parts of the shell. They are narrowly spaced in the first two to three volu-
tions and become moderate in spacing in the outer ones. They are fluted almost
throughout their length, but the fluting is more intense in the polar regions where
the closed chamberlets extend almost to the tops of the chambers. Average septal
counts of the first to sixth volution in four specimens are 9, 14, 18, 21, 25, and 30,
respectively.

The tunnel is low and narrow in the earlier volutions and only slightly widens
in the outer ones. Average tunnel angles of the first to sixth volutions of two
specimens are 22, 30, 31, 33, 34, and 23 degrees, respectively. The chomata are low
and highly asymmetrical in the inner volutions, extending almost to the polar
extremities. In the outer volutions, however, they become more rudimentary and
less asymmetrical, and are seemingly discontinuous at least in some parts.

Remarks.—The above description of Schwagerina (?) satoi (OzAwa) is based on a
part of the 0zawA’s original specimens and several ones collected by myself, none
of which is, however, exactly oriented.

As already pointed out by the original author, this form is gradational in
nature between two genera, Schwagerina and Pseudoschwagerina. So far as the
mode of expansion of the shell and the thickness of the septa are concerned, this
species is more likely referable to the genus Pseudoschwagerina. The O0zawA’s
axial section (section number I-71, illustrated as Pl. VIII, fig. 8 in his 1925’ paper
and also as Pl. 17, fig. 4 in this paper), which is only an available section* in his
collection, shows that the septa of this form flute not so weakly as are seen in
species of Pseudoschwagerina, but relatively strongly flute even in the median
portion of the shell except in the inner volutions. Such being the case, it seems
advisable, at least at present, to refer this species to the genus Schwagerina rather
than to Pseudoschwagerina.

Occurrence.—Schwagerina(?) satoi (0ZAWA) is rare in the Akiyoshi limestone group
and is known only from the following localities: No. 8 limestone of Section III

* It is unfortunate to us that the specimen illustrated as Pl. VIII, fig. 6a is missing in his
collection.
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(Loc. 543), No. 4 limestone of Section XIV (Loc. 108), No. 6 limestone of Section
XXI (Loc. 337) and Loc. 15. The stratigraphical range of this species is restricted
to the basal subzone of the Permian part of the Akiyoshi limestone group.

It is unfortunate that I have not been able to find the species at Ueyama and
Hoso-ono whence OzZAWA reported it originally.

Schwagerina sp. A
Pl 17, figs. 9-11

Several specimens referable to Schwagerina sp. A have been sectioned from the
limestones of the Neoschwagerina and Yabeina zones. Although I have not been
able to obtain enough well-oriented sectiones of this form to observe the pertinent
data concerning its individual variations, I briefly deseribe and illustrate some of
this form for the sake of completeness. The following description is based on
about ten thin sections.

The shell is of medium, and elongate fusiform to sub-cylindrical, with nearly
flat to slightly depressed median portion, convex lateral slopes, and narrowly pointed
poles. Mature specimens of six to seven volutions are 4.3 to 6.1 mm long and 1.8
to 2.7 mm wide, giving a form ratio of about 2.4 to 2.7. The shell seemingly
retains nearly the same axial profile throughout the growth except in the earliest
stage.

The proloculus is small and spherical, with an outside diameter of 148 to 276
microns, averaging 224 microns for eight specimens. The shell tightly coils in the
first two volutions and expands rather rapidly and almost uniformly from the
third volution to maturity. Average radius vectors of the first to seventh volu-
tion for ten specimens are 171, 242, 366, 549, 787, 1,055, and 1,801 microns, respec-
tively.

The spirotheca is thin and relatively coarsely alveolar. Average thickness of
the spirotheca of the first to sixth volution in ten specimens is 16, 23, 40, 54, 63,
and 78 microns, respectively. The proloculus wall is also thin and is seemingly
structureless. It is measured 11 microns in one specimen and 17 microns in an-
other.

The septa seem to be highly and narrowly fluted throughout their length.
The closed chamberlets reach to the tops of the chambers even in the median
portion of the shell. The septa are formed by the downward deflection of the
tectum and dense structureless materials which are mainly present on the pos-
terior side of the septa. Average septal counts of the first to fifth volution of
two specimens are 10, 17, 18, 20, and 23, respectively.

The tunnel is low but relatively broad. Its path is considerably irregular.
Because there is no exactly oriented axial section, the tunnel angle cannot be
measured. The chomata occur only in the earlier volutions in very rudimentary
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form. The secondary deposits fill the chambers in the axial area of most of the
outer volutions except for the last one or two volutions.

Table 56. Table of Measurements (in Millimeters) of Schwagerina sp. A

R Radius vector
Specimen Loc. 5° Pl fig. L. W. R. Prol

1 2 3 4 5 6 7

98 2121 13 9 5.57 2.20 2.5 .275 .196 .294 .482 .644 .820 1.006
2 369 2198 13 10 4.34 1.80 2.4 .201 .147 .206 .320 .460 .665 .817
3 369 2198 13 11 x L1L76 x 218 172 .270 .390 .537 .T736 .920

Max. 275 .2107 .294 .482 .644 .920 1.226 1.330
Min. .148 .132 .196 .270 .460 .665 .817 1.272
224 171 .242 .366 .549 .787 1.055 1.301

[

Aver.- 178 9 10 10 10 9 9 2
Thickness of spirotheca Ratio of Hl./Rv.
Specimen
0 1 2 3 4 5 6 7 1 2 3 4 5 6
1 — — — .039 .047 .060 .077 — — — 2.9 2.7 2.7
2 .011 .018 .024 .030 .041 .046 1.7 2.4 2.7 2.9 2.6 29
3 017 —  .026 .031 .042 .044
Max. .017 .020 .034 .062 .075 .094 .099
Min. .011 .012 .019 .030 .040 .044 .055
A .014 .016 .023 .040 .054 .063 .078 .071
ver. { 2 5 8 10 9 9 6 1
Tunnel angle Septal count
Specimen
1 2 3 4 5 1 2 3 4 5
1 — 417 307
2 36 48 46 41 527
3 14 20 23 26 30

Remarks.—Schwagerina sp. A resembles S. tschernyschewi (SCHELLWIEN) in some
respects, but differs from the latter in having slower rate of expansion and thinner
spirotheca. Because of the insufficiency of the present material more detailed
specific comparison is not advisable here, but this species seemingly is a little
more advanced biologically than S. tschernyschewsi.

Further study of this form will be necessary before a definite specific assign-
ment is done.

Occurrence.—Schwagerina sp. A is rare in the occurrence and was obtained from
No. 6 limestone of Section X (Loc. 523), No. 2 limestone of Section XIV (Loc. 98),
No. 1 limestone of Section XXVII (Loc. 1), and Loec. 869 and 379. It seemingly is
wide in the stratigraphical occurrence, ranging from the Pma to Pua.
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Schwagerina sp. B
Pl. 17, figs. 12-15

Samples from Nos. 2 and 7 limestones of Section XII (Loe. 606A and 610,
respectively) at Isa-machi and No. 7 limestone of Section IV (Loec. 720) of Akago,
Mito-cho, contain scattered specimens of a species of Schwagerina that differs
considerably from the forms deseribed above. I have not obtained a sufficient
number of well-oriented axial sections of this form to give a full description. For
the sake of completeness, however, I illustrate some of this form and give the
following desecription.

The exact external form of the shell is unknown, but it seemingly has inflated
fusiform. One diagonal (nearly axial) section is 5.1 mm long and 2.6 mm wide.

The proloculus is small and spherical. Its outside diameter is 148 to 224 miec-
rons, averaging 185 microns in six specimens. The shell tightly coils in the inner
two to two and a half volutions, but expands very rapidly in the outer volutions
except in the last one which is slightly more tightly coiled than the penultimate
volution. The radius vectors of the first to seventh volution of a typical sagittal
section (Pl. 17, fig. 13) are 188, 202, 260(?), 390, 661, 1,040, and 1,470 microns, respec-
tively. Average radius vectors of the first to sixth volution of six specimens are
148, 221, 351, 604, 802, and 1,067 microns, respectively.

The spirotheca consists of a tectum and finely alveolar keriotheca. Alveoli
of the latter are, however, not discernible in the inner two or three volutions.
Average thickness of the spirotheca of the first to sixth volution for six specimens
is 16, 29, 41, 55, 71, and 65 microns, respectively. The proloculus wall is thin,
averaging 17 microns in three specimens.

The septa are very thin, composed mainly of the downward deflection of the
tectum. In the tightly coiled part of the shell the septa are thickened by coating
of the secondary materials. Average septal counts of the first to fifth volution
for three specimens are 9, 16, 20, 22, and 26, respectively. The septa seem to be

"fluted more or less strongly and nearly uniformly throughout the length of the
shell. Thin phrenotheca is well developed throughout all but the inner two or
three volutions.

The true nature of the tunnel and the chomata is not understood, because
well oriented axial section of this species is not available. So far has been ob-
served in the illustrated diagonal section, however, the chomata present in the
second volution, although they are very rudimentary in development.

Remarks.—Schwagerina sp. B is clearly intermediate between the genera Schwa-
gerina and Paraschwagerine in the mode of coiling of the shell and of the septal
fluting. It somewhat resembles Schwagerina satoi (0zawa), but differs from the
latter in being the shell more slowly expanded in the later stage of the growth
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Table 57. Table of Measurements (in Millimeters) of Schwagerina sp. B

Radius vector

1 2 3 4 5 6 7

Specimen Loc. 8" Pl fig. L. W. R. Prol.

1 606A 1686 17 12 5.10 2.62 2.0 .179 .169 .245 .374 .705 1.180
2 606A 1685 17 18 x 2.79 x  .161 .138 .202 .26+ .390 .661 1.040 1.470
3 606A 1684 17 14 x 2.62 x .178 .138 .208 .316 .537 1.055 1.425
4 G606A 1685 17 15 x — x .158 .104 .153 .236 .356 .736
Ratio of HL/Rv. - Thickness of spirotheca
Specimen
1 2 3 4 5 0 1 2 3 4 5 6
1 1.3 1.8 21 22 20 — .014 .021 .032 .062 .082
2 —_ - = — .028 .057 .066
3 .021 .015 .025 .030 .041 .073 .063
4 .014 .015 .020 .021 .039 .045 .064
Tunnel angle Septal count
Specimen .
1 2 3 4 1 2 3 4 b
1 — 27? 39 38?7
2 97 — 18 25? 27?
3 — 16? 19?7 24?
4 11 16 18 21 237

and having more complicated fluting of the septa.

Schwagerina sp. B does not resemble any form of other schwagerinids found
in the Akiyoshi limestone group. Although this form may be an undescribed
new species, sufficient information to describe the species has not been available

from the specimens here referred to S. sp. B.

QOccurrence.—Schwagerina sp. B is relatively common in the Loe. 606A among
three localities cited above, all of them are referable to the P13 subzone.

Schwagerina sp. C
Pl 17, figs. 16-18

Specimens here referred to Schwagerina sp. C were obtained from No. 4 lime-
stone of Section X (Loec. 521) and Loc. 498 and 784. Although they are extremely
insufficient to describe the species, they are somewhat similar to Schwagerina
douvillet (CoLANI) from the Lower Permian of Yunnan. The specimens of S. sp.
C have, however, larger radius vector for the corresponding volutions, consider-
ably larger proloculus, and more numerous septa for the corresponding volutions
than those of S. douvillet (CoLaNI). Although none of the present materials is
well oriented I am illustrating three of them for completeness’ sake.
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Table 58. Table of Measurements (in Millimeters) of Schwagerina sp. C

Speci Rg Radius vector
~ Loe. © Pl figg L. W. R. Prol
men No. 1 2 8 4 5 6 71 8
1 498 2040 17 16 5.70 3.832 1.7 .27+ .205 .330 .482 .671 .860 1.170 1.530
2 784 1257 17 17 5.84+ 5.20 1.1+ — .132 .221 .383 .644 1.070 1.650 2.115 2.530
3 498 2039 17 18 X 4.02 x .16? .153 .227 .421 .770 1.076 1.441 1.840
. Ratio of Hl./Rv. Thickness of spirotheca
Speci-
men 1 2 8 4 5 6 1T 1 2 3 4 5 6 7
1 — — — 1.5 1.7 1.5 — — .037 .055 .056 .058 .081
2 1.7 1.8 1.6 1.3 1.1 1.2 1.2 .016 .027 .048 .084 .100 .075 .08l
3 — — .041 .073 .080 .091 .109
Speci- Tunnel angle Septal count
men 3 4 5 6 7 2 3 4 5 6
1 23 20 26 25 30?
2 — 25 31 33?7 21?7
3 16 24 28 33?7 37?7

Genus Paraschwagerina DUNBAR and SKINNER, 1936
Subgenus Paraschwagerina DUNBAR and SKINNER, 1936

Paraschwagerina (Paraschwagerina) dkiyoshiensis TORIYAMA, n. sp.
Pl 18, figs. 1-14

The shell of Paraschwagerina (Paraschwagerina) akiyoshiensis TORIYAMA, n.
sp. is inflated fusiform with almost straight axis of coiling, convex to straight
lateral slopes and bluntly pointed poles. The holotype specimen of seven volutions
is about 7 mm long and 4 mm wide, giving a form ratio of 1.8. The first three
to four volutions are elongate fusiform and very tightly coiled, with sharply pointed
poles, but the relative width of the shell increases sharply outward from the
fourth or fifth volution. The ratios of the half length to the radius vector of the
first to seventh volution of the holotype specimen are 2.5, 2.8, 2.5, 2.4, 1.8, 1.5, and
1.7, respectively.

The proloculus is spherical and minute, with outside diameters of 84 to 133
microns, averaging 109 microns in eight specimens. The first to third volutions
are very tightly coiled, followed by the fourth volution which expands a little
rapidly. The fifth and sixth volutions are highly inflated, but the ultimate volu-
tion is slightly more tightly coiled than the penultimate one. Average radius
vectors of the first to seventh volution of thirteen specimens are 87, 144, 228, 510,
1,021, 1,540, and 2,150 microns, respectively. The chambers are nearly the same
in height across the central three-fourths of their length.
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The spirotheca is thin in the inner three volutions and becomes moderately
thick in the outer volutions where it has relatively coarse alveoli. Average thick-
ness of the spirotheca in the first to sixth volution of twelve specimens is 13, 16,
22, 84, 48, and 69 microns, respectively. The thickness of the spirotheca of the
seventh volution of the holotype specimen is measured 84 microns. The spirotheca
is almost the same in thickness throughout the central half to two-thirds of the
shell, thinning slowly poleward. The proloculus wall is also thin and structureless,
attaining a thickness of 14 microns in the holotype specimen and averaging 13
microns in four specimens.

The septa are thin and numerous. The exact number of the septa is hardly
counted because of the complex fluting, but averages 7, 14, 18, 23, and 29 septa,
respectively, in the first to fifth volution of nine specimens. The septa are
strongly and rather irregularly fluted throughout the length of the shell, forming
many chamberlets of round to irregular shape which extend almost to the tops of
the chambers. One septum is brought in contact with the preceding one near the
top of the chamber, while it is joining with another one near the base at the
same time. Thus, many chamberlets of irregular shape are appeared even in the
sagittal sections.

The tunnel is low and narrow in the inner volutions and becomes gradually
wide in the outer volutions. The tunnel angles of the first to fifth volution of the
holotype specimen is 22, 22, 28, 28, and 33 degrees, respectively. The chomata
occur only in the tightly coiled inner volutions where they are more or less asym-
metrical in the axial profile, with steep tunnel sides and gentle poleward slopes
which extend one-fifth to one-fourth of the distance to the pole. The phrenotheca
develops in the outer loosely coiled volutions. No secondary deposit is observed.

Remarks.—Paraschwagerina (Paraschwagerina) akiyoshiensis TORIYAMA, n. sp. is
considered to be an intermediate form from Paraschwagerine (Paraschwagerina)
to Paraschwagerina (Acervoschwagerina).

As pointed out by THOMPSON (1948), Paraschwagerina (Paraschwagerina) in-
cludes rather two distinet groups; the extreme of one group is represented by
the genotype of the genus, Paraschwagerina gigantea (WHITE), which has rather
elongate shell with sharply pointed poles, relatively thick spirotheca and closely
and highly fluted septa throughout the length of the shell ; the typical represen-
tative of the other group is P. yabei (STAFF) which has subglobular shell with
rounded polar areas, considerably thin spirotheca and rather weakly fluted septa
of the outer volutions. Seemingly Acervoschwagerine is a derivative from the
latter group.

So far as the irregularity of the septal fluting is concerned, Paraschwagerina
(Paraschwagerina) akiyoshiensis TORIYAMA, n. sp. is intermediate between the
second group of Paraschwagerina and Acervoschwagerina, but it is more likely
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Table 59. Table of Measurements (in Millimeters) of Paraschwagerina (Paraschwagerina)
akiyoshiensis TORIYAMA, n. sp.
. Radius vector
Speci- 1oc. RE PL fig. L. W. R. Prol
: 1 2 3 4 5 6 7
1* 613 81 18 1 7.02 3.97 1.8 .112 .080 .123 .182 .281 .700 1.501 2.150
2 613 923 18 2 4,07+ 2.47 1.7 .102 .092 .126 .184 .338 .766 1.313
3 606A 1688 18 3 4.40 268 1.7 — — .162 .260 .460 .919 1.470
4 613 911 18 4 X 2.20+ x .133 .107 .175 .226 .858 1.290
5 613 902 18 5 X 2.25 x .128 .095 .172 .297 .613 1.052
6 613 888 18 6 X 2.78 x .087 .067 .102 .151 .321 .922 1.450
7 613 819 18 7 X 2.31 x 113 .095 .150 .230 .516 1.132
8 613 860 18 8 X 2.79 X — — — .205 .427 .852 1.32?
9 613 900 18 9 X 2.95 x .116 .091 .148 .254 .607 1.262
10 475 1446 18 10 X 3.24 x .085 .080 .128 .260 .528 1.180 1.69?
Max. 133 .107 .175 .297 .858 1.290 2.040
Min. .084 .067 .102 .151 .281 .700 1.313
Aver { .109 .087 .144 .228 .510 1.021 1.540 2.150
’ 8 11 12 13 13 13 7 1
Speci- Ratio of HI/Rv. Thickness of spirotheca
men 1 2 3 4 5 6 1 o 1 2 3 4 5 6 17
1* 2.5 2.3 2.6 2.4 1.8 1.5 1.7 014 .012 .013 .018 .032 .050 .075 .084
2 14 1.4 1.4 1.8 1.4 1.6 — .014 .013 .018 .025 .030 .059
3 — 2.1 2.3 2.5 1.8 1.5 — — — .026 .050 .056 .073
4 .011 .014 .019? .030 .058 .052
5 016 .012 .016 .025 .035
6 — — — .013 .021 .028
7 — —  .015 .017 .028 .043
B — — — —  .027 .035 .050
9 — .012? .017 .026 .044 .063
10 009 — .016 .025 .040 .048
Max. 2.5 2.3 2.5 2,5 1.8 1.6 .016 .014 .019 .030 .058 .063 .088
Min. 1.4 1.4 1.4 1.8 1.4 1.5 .009 .012 .013 .013 .019 .028 .050
Aver {1.8 1.9 2.1 2.2 1.7 1.5 .013 .013 .016 .022 .034 .043 .069
: 2 3 3 3 3 3 4 5 8 11 12 10 5
Speci- Tunnel angle Septal count
men 1 2 3 4 5 1 2 3 4 5
1* 22 22 28 28 33
2 — 24 32 33 35
3 — 35 48
4 8 16 18 227
5 8 13 18 20 27
6 7?7 12?167 19?7 317
7 — 127 18? )
8 - — 197 2®
9 - — — —
10 — —_ 18?7 25?297
Max. 35 48 33 35 8 16 19? 28?7 31?
Min. 24 28 28 33 7 12 16? 19? 27
22 27 36 31 34 7 14 18 23 29
Aver.
ver.  { %% 3 2 2 5 7 9 8 5

* Holotype specimen
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referable to the former in general aspects. P.(P.) akiyoshiensis n. sp. somewhat
resembles Schwagerina tinvenkiangi LEE from Yatzetsi, Honan, China, but is
distinguished from the latter by its shell form and more highly and irregularly
fluted septa.

Occeurrence.—Paraschwagerina (Paraschwagerina) akiyoshiensis TORIYAMA, n. sp.
has been collected from the No. 15 limestone of Section I (Loc. 297), No. 5 lime-
stone of Section VII (Loc. 436), No. 2 limestone of Section XII (Loc. 606A), No. 1
limestone of Section XIII (Loc. 570), and Loe. 475 and 613. The stratigraphical
distribution of the species seemingly is narrow, being restricted within the Pip
subzone in the Akiyoshi limestone group.

Genus Pseudoschwagerina DUNBAR and SKINNER, 1936
Subgenus Pseudoschwagerina DUNBAR and SKINNER, 1936
Pseudoschwagerina (Pseudoschwagerina) muongthensis (DEPRAT)

Pl. 18, figs. 15-18; PI. 19, figs. 1-9

1915. Fusulina muongthensis DEPRAT. Mém. Serv. Géol. I’Indochine, Vol. IV, fasc. 1, pp. 5,
6, PL. II, figs. 1-6.

1925. Schellwienio muongthensis OZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 6,
pp. 47, 48, Pl. VIII, figs. 1, 2.

1927. Schwagerina muongthensis LEE. Palaeontologia Sinica, Ser. B, Vol. IV, Fasc. 1, p. 120,
Pl XXIII, figs. 3, 4, 27.

1938. Schwagerina muongthensis RAUSER-CERNOUSSOVA. Travaux I'Institut géol. Acad. Sci. U.
S. S. R., Tome VII, pp. 131, 1382, Pl. VII, fig. 4.

The shell of Pseudoschwagerina (Pseudoschwagerina) muongthensis (DEPRAT) is
moderat_e in size and robustly fusiform in shape, with almost straight axis of
coiling, convex lateral slopes, and bxjoadly rounded poles. Mature specimens of six
to seven volutions are 3.9 to 7.3 mm long and 2.4 to 4.9 mm wide, giving form
ratios of 1.3 to 1.7. The first volution seems to be subspherical in shape. The
following two, rarely three, volutions are fusiform to elliptical in axial profile
with more or less sharply pointed poles. Beyond the fourth or fifth volution the
shell retains robustly fusiform. Average ratios of the half length to the radius
vectors of the first to seventh volution of seven specimens are 2.0, 2.0, 2.0, 1.8,
1.5, 1.4, and 1.5, respectively.

The proloculus seemingly is minute. Its outside diameter is approximately
100 microns in an axial section. The shell expands slowly during 'the first three
volutions, but beyond them the chambers increase in height rapidly. The last
volution of some specimens is slightly more tightly coiled than the penultimate
one. Average radius vectors of the first to seventh volution in twelve specimens
are 98, 192, 327, 618, 1,101, 1,615, and 2,001 microns, respectively.

The spirotheca is relatively thin and gradually increases in thickness. Average
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thickness of the spirotheca in the first to seventh volution in twelve specimens is
13, 21, 30, 43, 59, 83, and 117 microns, respectively. Alveoli of the spirotheca are
relatively coarse. About 6 alveoli are observed in a space of 100 microns in the
outer volution of an axial section. However, they are not recognized in the inner
volutions of most specimens.

The septa are also thin, and relatively widely spaced in the outer volutions.
The exact septal counts in the inner volutions are unknown, but the approximate
averages of the septal count of the second to sixth volution in five specimens are
13, 17, 18, 23, and 25, respectively. Although the detailed structure of the septa
in the inner volution is not clear, the septa seemingly consist only of the down-
ward deflection of the tectum of the spirotheca in the outer volutions, except in
the last one or two volutions where they are slightly coated with the secondary
deposits. The tips of the septa are thickened in most of specimens. The septa
are broadly or slightly irregularly fluted throughout their height and length in the
outer three to four volutions but are almost plane in the inner three volutions.
The fluting in the outer volutions is slightly more intense in the polar regions
than in the middle part of the shell.

The tunnel is narrow in the inner three volutions, increasing in width gradu-
ally beyond the fourth volution, but slightly decreasing in the last one or two
volutions. Average tunnel angles of the first to sixth volution in four specimens
are 23, 26, 31, 43, 47, and 35 degrees, respectively. The tunnel path is not straight.
The chomata are highly asymmetrical in the inner three to four volutions,
extending one-third to half of the distance to the poles. They are, however, very
rudimentary or absent in the outer volutions, being almost symmetrical in cross
section.

Remarks.—The above description is based entirely upon the Akiyoshi specimens,
although they are not sufficient in number and I have not been able to obtain
enough number of exactly oriented section. However, all the essential characters
of the Akiyoshi form so well agree with those of the Tonkin form that it is almost
impossible to find any difference between them.

As cited in the synonymy this species was already reported by OzawA from
the Tombstone Region and Serita in the Akiyoshi area. His specimens are also
indistinguishable from the DEPRAT’s original form. Besides this, Pseudoschwage-
rine aff. muongthensis (DEPRAT) was reported from the lower subzone of the
Pseudoschwagerina zone of the Tobiishi group in the Southern Kyushu (KANMERA,
1952), but has not been described yet.

LEE (1927) and RAUSER-CERNOUSSOVA (1938) respectively described and illustrat-
ed this species from the Wuhutsui coalfield, South Manchuria and Samara Bend.
Their specimens are, however, not sufficient, and, therefore, the detailed specific
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Table 60. Table of Measurements (in Millimeters) of Pseudoschwagerina (Pseudoschwagerina)
muongthensis (DEPRAT)

Radius vector

Speci- 7, Rg p e L. W. R. Prol
men No. 1 2 3 4 5 6 7
1 269 1444 18 15 5.8+ 3.75 1.4 — .116 .187 .307 .442 .803 1.275 1.715
2 269 1440 18 16 3.93 8.45 1.1 .100? .090? .182 .301 .569 1.260 1.92?
3 29 1445 18 17 3.8 2.38 1.6 — .112 .172 .270 .443 .740 1.284
4 568B 1197 18 18 6.1+ 4.82 1.3 — — — .270 .588 .997 1.557 2.12
5 258 617 19 1 x 3.00 x — .111 .198 .368 .789 1.310 1.850
6 269 1442 19 2 x 2.9 x — — — .33+ .5201.070 1.480
7 29 1445 19 3 x 290 x — — .184 .285 .457 .951 1.517
8 717 1453 19 4 x 4.90 x — .087 .151 .365 .813 1.293 1.970
9 568B 1197 19 5 x . 456 x — — — — .52?1.290 1.870 2.480
10 717 1454 19 6 — 3.8 — — .083 .132 .215 .386 .663 1.064 1.573
Max. — .116 .198 .368 .813 1.360 1.970 2.480
Min — 083 .132 .215 .386 .663 1.064 1.573
Aver {~ .098 .192 .327 .618 1.101 1.615 2.001
‘ — 6 8 10 1z 1z 11 &
Speci- Ratio of Hl/Rv. Thickness of spirotheca
men 1 92 38 4 5 6 7 1 2 5 6 7
1 1.7 1.6 1.8 2.3 2.1 1.9 1.8 .012 .016 .019 .037 .047 .101
2 — — 1.8 1.6 1.1 1.1 —  —  .047 .066 .085 .113
3 2.3 24 2.3 2.3 2.1 1.6 —  .021 .026 .036 .055 .064
4 — — — 1.6 1.5 1.3 1.3 —  — 020 .021 .041 .065 .107
5 014 .028 .037 .042 .061 .080
6 —  —  _—  .052 .066 .094
7 —  — 025 .042 .060 .070
8 — 018 .041 .070 .087
9 —  — — .032 .047 .101 .118
10 —  — 026 .030 .030 .037 —
Max. 2.3 2.4 2.3 2.3 2.1 1.9 1.8 014 .028 .047 .070 .087 .113 .127
Min. 1.7 1.6 1.8 16 1.1 1.1 1.3 012 .016 .019 .021 .034 .037 .107
Aver {i‘? 2.0 2.0 1.8 1.5 1.4 1.5 013 .021 .030 .043 .059 .083 .117
U2 2 3 6 7 71 4 2 4 T 12 11 3
Speci- Tunnel angle Septal count
men 1 2 8 4 5 6 1 2 3 4 5 6
1 26 27 23 33 47 36 387
2 — 27 87 4T 40
3 19 28 3¢ 50 53
4 — - - — 4 3
5 12?0 1717 11 212
6 — 207 217 247
7 14?7 157 15?217
8 — — 1717 28 267
9 — - — 207 23
10 - - - -
Max. 26 27 37 50 53 36 147 207 217 287 267
Min. 19 23 23 33 40 34 127 157 15?7 207  23?
Aver. {23 26 31 43 41 35 38 13 17 18 23 2
23 3 3 4 2 1 2 3 4 5 2




Geology of Akiyoshi 161
comparison between these forms and the Akiyoshi one is not advisable here.

Occurrence.—Pseudoschwagerina (Pseudoschwagerina) muongthensis (DEPRAT) was
obtained from No. 4 limestone of Section IV (Loec. 717), No. 11 limestone of Section
X (Loc. 568B), No. 2 limestone of Section XXI (Loc. 258), No. 1 limestone of Section
XXIII (Loe. 269), and Loec. 548. This species is characteristic of the Lower Permian
in the Tethys region, and seemingly is restricted to the Pla and PI3 subzones in
the Akiyoshi limestone group, although more common in the former.

Pseudoschwagerina (Pseudoschwagerina) sp.
Pl. 19, figs. 10, 11

A single specimen of Pseudoschwagerina (Pseudoschwagerina) sp. has been
found in No. 9 limestone of Section XVI (Loc. 746). A sagittal section illustrated
by 0zawA as Schwagerina muoungthensis (DEPRAT) [Pl. VIII, fig. 2 in his mono-
graph (1925)] seemingly is conspecific with this species. The following description
is based on these two specimens.

The shell of Pseudoschwagerina sp. is large and ventricose, with broadly
rounded poles and convex lateral slopes. The illustrated axial section of four
volutions is approximately 7.2 mm in length and 4.2 mm in width with a form
ratio of 1.7. The shell assumes nearly the same axial profile throughout the
growth, excepting the first volution which takes a fusiform with more or less
pointed poles. The ratios of the half length to the radius vector of the first to
fourth volution of the axial section are 1.6, 1.5, 1.6, and 1.6, respectively.

The proloculus is spherical with an outside diameter of 430 microns in the
axial section and 393 microns in the OzaAwA’s sagittal section. The shell consider-
ably tightly coils in the first volution, but from the second volution it expands
very rapidly and slightly declines in height in the last volution. The radius vectors
of the first to fourth volutipn of the axial section are 360, 1,055, 1,787, and 2,440
microns, respectively. Those of the first to fifth volution of the sagittal section
are 300, 528, 1,031, 1,711, and 2,245 microns, respectively. The chambers are nearly
the same in height throughout the length of the shell, although they are lowest
in the middle of the shell, increasing in height very slightly towards the poles.

The spirotheca is typical in structure for the genus and is finely alveolar and
moderate in thickness. The thickness of the spirotheca is 26, 39, 73, and 73 mic-
rons, respectively, in the first to fourth volution of the axial section, and is 30,
54, 79, 94, and 102 microns, respectively, in the first to fifth volution of the sagittal
section. The proloculus wall is rather thick, attaining a thickness of 25 and 28
microns, respectively, in the axial and sagittal sections.

The septa are thin and closely spaced throughout the shell. They are almost
plane in the middle portion of the shell, and are weakly but rather irregularly
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fluted in the axial regions where the septal loops of irregular shape appear. The
septal counts of the first to fifth volution of the figured sagittal section are 187,
20?, 23, 25, and 33?7, respectively.

The tunnel is low and narrow throughout the shell, with more or less irregular
path. The chomata are distinct only in the first volution but become rudimentary
or disappear in the outer volutions. The tunnel angles of the first to fourth
volution of the axial section are 24, 40, 22, and 25? degrees, respectively.

Remarks.—Available specimens of Pseudoschwagerina sp. are extremely insufficient
for the description of the species and for the comparison to the allied forms.
Pseudoschwagerina sp. most closely resembles P. muoungthensis (DEPRAT) from
which it differs in having larger proloculus, more rapid expansion of the shell,
and thicker spirotheca for the corresponding volution. The present species some-
what resembles some American species of Pseudoschwagerina, such as P. uddent
(BEEDE and KNIKER), but is distinguished from the latter in having more closely
spaced and more irregularly fluted septa, and slightly less globular form of the
shell.

Further study of this species will be necessary before the definite specific
assignment can be made.

Occurrence.—The illustrated axial section was obtained from No. 9 limestone of
Section XVI (Loc. 746). The sagittal section in the 0zawa’s collection (section
number I-64) is labelled ‘“the back of Akiyoshi marble quarry, Akiyoshi-dai.” The
stratigraphical range of this species is the Pla subzone.

Genus Nagatoella THOMPSON, 1936

Nagatoella kobayashii THOMPSON
Pl. 20, figs. 6-9

1925. Schellwienio ellipsoidalis var. orientis OZAWA [part]. Jour. Coll. Sci. Imp. Univ. Tokyo,
Vol. XLV, Art. 6, pp. 22, 23, Pl. VI, fig. 1a; Pl. VIII, fig. 5. [non Pl. VIII, fig. 3]

1926. Nagatoella kobayashic THOMPSON. Transact. Proc. Pal. Soc. Japan, No. 2, pp. 20-22, Pl
11, figs. 4-6.

A few specimens here referred to Nagatoella kobayashii THOMPSON were
obtained from scattered localities on the Akiyoshi and Ofuku plateaux. Although
the present materials are extremely insufficient for the detailed paleontological
study, and none of the specimens is well-oriented, all the important characters
and statistics observed and measured from the present specimens are well in
accord with Nagatoella kobayashii which was restudied and redescribed in detail
by THOMPSON (1926). Accordingly, I feel there is no need to add further deserip-
tion to the THOMPSON’s designation and redescription of this species.
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Table 61. Table of Measurements (in Millimeters) of Nagatoella kobayashii THOMPSON

Specimen Loec. Rg. No. Pl fig. L. w. R. Prol.
1 819 2051 20 6 8.09 3.91 2.1 —
2 195 1401 20 7 6.7+ 4.5+ 1.5 —
3 300 1858 20 8 — 2.47 — —
4 Quawas 1155 20 9 x 8.70+ x oaax
Speci- Radius vector
men
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 — .113 .162 .215 .288 .387 .503 .660 .840 1.031 1.263 1.514
2 — — = 177 .26? .36 .46 .58 .75 .95 1.15 1.47 1.79 2.07 2.26 2.57
8 — - - - - - — B8 .11 .92 1.17
4 .062 .089 .129 .189 .247 .321 .463 .5686 .775 .993 1.208 1.524 1.763
Thickness of spirotheca
Specimen
1 2 3 4 5 6 7 8 9 10 11 12 18 14 15
1 - = — 019 — — .025 .043 .046 .049 .094
2 — — — .010 .012 .021 .019 .022 .030 .050 .054 .093 .100 .110 .091
3 -_ - = = = -~ — 029 .035 .041 .051
4 .006 .009 .009 .012 .013 .014 .014 .017 .022 .033 .036 .082 .078
Ratio of HIL./Rv.
Specimen -
4 5 6 7 8 9 10 1 12 13 14 15 16
1 3.5 33 29 29 26 — 27 26 25
2 — 15 15 14 14 14 14 14 13 13 13 14 13
Tunnel angle
Specimen
3 4 5 6 7 8 9 10
1 257 22? — — 29 35 27 22
2 — — — — — — 19?
Septal count
Specimen
2 3 4 5 6 7 8 9 10 11 12 13
4 9?7 1 11 12 13 15 20 20 27 24 27 32 33

Occurrence.—Nagatoella kobayashii THOMPSON occurs in the following localities:
No. 12A limestone of Section I (Loc. 819), No. 8 limestone of Section X (Loe. 567),
No. 2 limestone of Section XIX (Loe. 875), No. 6 limestone of Section XXV (Loc.
300), and Loc. 194, 195, and 572. This species seemingly has comparatively long
stratigraphical duration, ranging from the Pig to Pmg subzone,
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Nagatoella sp.
Pl 20, figs. 10, 11

Specimens here referred to Nagatoella sp. is very rare in the present collec-
tion, represented by only two sagittal and one oblique sections. As they are too
insufficient in number to describe the species, I only point out the followings:
The rate of expansion of N. sp. is slowest among the species of Nagatoella hitherto
described. The illustrated sagittal section has radius vectors of 96, 128, 173, 230,
307, 380, 510, 674, 849, and 1,043 microns in the first to tenth volution, respectively.
The above figures show that N. sp. is closely similar to N. orientis (0zawA) so far
as the rate of expansion is concerned. None of the well oriented axial section has

been obtained.
Table 62. Table of Measurements (in Millimeters) of Nagatoella sp. A

Radius vector

Specl Loc. Rg.No. Pl fig. W. Prol.
1 2 8 4 5 6 7 8 9 10

1 496 1130 20 10 1.95 -}28x.096 .128 .173 .230 .307 .380 .510 .674 .849 1.043
2 101 1511 20 11 1.1+ .120 .104 .141 .200 .285 .368 .537

Speci- Thickness of spirotheca Septal count
men. 3 4 5 6 7 8 9 1 2 3 4 5 6 1
1 .010 .010 .014 .019 .026 .033 .036 82 127 157 167 187 207 267
2 014 — .015 .081 62 11 13 147 16

Occurrence.—Nagatoella sp. has been collected only from two localities, Loc. 496
and No. 5 limestone of Section XIV (Loe. 101). The stratigraphical range of Na-
gatoella sp. is assumed to be the PIB to Pma subzone.

Genus Pseudofusulina DUNBAR and SKINNER, 1936
Pseudofusulina vulgaris (SCHELLWIEN)
Pl. 20, figs. 12-18; Pl 21, figs. 1-15

1909. Fusulina vulgaris SCHELLWIEN. Palaeontographica, Vol. LVI, p. 163, Pl. X1V, figs. 1,2.
1925. Schellwienia vulgaris 0ZzAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 6, pp.

23, 24, P1. VII, fig. 3.
1927. Schellwientia wvulgaris LEE. Palaeontologia Sinica, Ser. B, Vol. 1V, Fasc. 1, pp. 59-64,

Pl. VIII, figs. 6-9, 11, 12; Pl IX, fig. 9.
1934, Pseudofusulina vulgaris CHEN. Palaeontologia Sinica, Ser. B, Vol. IV, Fase. 2, pp. 67, 68,

Pl. VI, fig. 10.
19386. Pseudofusulina wvulgaris HuziMoTo. Sci. Repts. Tokyo Bunrika Daigaku, Sec. C, Vol. 1,

No. 2, pp. 75-77, Pl. XI, figs. 1-7.
1955. Pseudofusulina vulgaris MORIKAWA. Sci. Repts. Saitama Univ., Ser. B, Vol. II, No. 1,

pp- 89, 90, PL. IX, figs. 1-6.
The shell of Pseudofusulina vulgaris (SCHELLWIEN) is moderate in size and
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robustly fusiform in shape, with almost straight axis of coiling, convex to straight
lateral slopes, and bluntly pointed poles. Mature shell attains four to five, rarely
six, volutions, being 4.8 to 6.5 mm in length and 2.7 to 5.7 mm in width and
giving form ratios of 1.5 to 1.9. The shell retains almost the same axial profile
throughout all except the first half volution where it is subspherical in shape.
Average ratios of the half length to the radius vector of the first to fifth volu-
tion for sixteen specimens are 1.7, 1.7, 1.6, 1.7, and 1.6, respectively.

The proloculus is moderate for the size of the shell. Its outside diameter
varies with a considerable degree, ranging from 220 to 404 microns and averaging
290 microns in forty-seven specimens. The shell is relatively tightly coiled in the
first volution, but beyond the second volution it expands very rapidly and almost
uniformly. Average radius vectors of the first to sixth volution for fifty-one
specimens are 260, 468, 815, 1,211, 1,658, and 2,151 microns, respectively. The
chambers are almost the same in height throughout the length of the shell.

The spirotheca is relatively thin in the first volution, but increases in thickness
towards maturity. It consists of a tectum and a coarsely alveolar keriotheca.
However, alveoli are hard to be observable in the first few chambers of most
specimens. Average thickness of the spirotheca of the first to sixth volution for
thirty-nine specimens is 28, 47, 69, 94, 115, and 115 microns, respectively. The
proloculus wall is considerably thick, averaging 20 microns for eighteen speci-
mens.

The septa are considerably thick, consisting of the downward deflection of the
tectum and the thick pycnotheca. They are narrowly spaced in the inner volutions,
but the spacing becomes a little wide towards maturity. Average septal counts
of the first to sixth volution of twenty-two specimens are 10, 18, 24, 27, 33, and
41, respectively. The septa are highly and narrowly fluted throughout their
length, forming closed chamberlets for about two-thirds to three-fourths of the
height of the chambers. In the end zones of the outer volutions of most speci-
mens, the closed chamberlets extend almost to the top of the chambers.

The tunnel is rather narrow and its path is somewhat irregular. Average
tunnel angles of the first to fifth volution in twelve specimens are 25, 25, 25, 25,
and 28 degrees, respectively. The chomata occur only in the first one or two
volutions and are hardly discernible in the outer volutions, being very rudimentary
in development if present. The thin phrenotheca develops throughout the growth
in most specimens, except in the inner one or two volutions and in the last several
chambers of the ultimate volution. It usually cuts the chambers nearly parallel
to the floor of the chamber, but obliquely or irregularly in some parts. No axial
filling is present.

Remarks.—The above description is entirely based upon the materials collected
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Table 63. Table of Measurements (in Millimeters) of Pseudofusuling vulgaris (SCHELLWIEN)

Radius vector

Specimen Loc. Rg.No. Pl. fig. L. W. R. Prol.
1 2 3 4 5 6
1 463 1602 20 12 6.38 4.0?7 1.6 .307 .254 .482 .760 1.073 1.520 —
2 297 1548 - 20 13 6.057? 4.00 1.5  .277 .270 .461 .742 1.290 2.0?
3 297 1547 20 14 6.57 3.40 1.9 .294 .308 .548 .879 1.360 1.820
4 610 1700 20 15 5.20 3.11 1.7 .260 .276 .528 .981 1.337 1.771
5 463 1605 20 16 4.78 2.68 1.8  .305 .276 .494 .905 1.303
6 297 1654 21 3 x B5.1T3 x .298 .280 .639 1.158 1.882 2.450 2.900
7 463 1602 21 4 x 3.06 x 247+ 227 .436 .775 1.135 1.6656
8 463 1607 21 5 x 3.27 x .300+ .230 .347 .705 1.081 1.412 1.701
9 568 1646 21 6 x 3.81 x .237 271 .466 .682 1.092 1.66? 2.270
10 297 1585 21 7 x 4.18 x .246 .206 .381 .757 1.287 1.840 2.360
11 572 1894 21 8 x 3.7 x .221  .202 .371 .674 1.052 1.592 2.08?
12 463 1612 21 10 x 3.8 x  -287x .211 .350 .595 .981 1.388 1.740
Max .404 .859 .779 1.318 1.882 2.450 2.900
Min .220  .193 .282 512 .790 1.250 1.701
Aver .290 .260 .468 .815 1.211 1.658 2.151
) 47 50 b1 49 36 256 9
Ratio of HL/Rv. Thickness of spirotheca
Specimen .
1 2 3 4 5 0 1 2 3 4 5 6
1 1.7 1.8 16 16 1.5 .017 .021 .046 .064 .065 .107 —
2 1.1 2.0 1.9 20 1.6 — .033 .061 .085 .122 .108
3 1.4 15 14 16 1.7 .028 .037 .056 .091 .131 .117
4 2.3 2.1 1.8 1.9 - .030 .051 .078 —
5 1.2 1.5 15 1.5 — .032 .047 .069 .092
6 .019 .029 .059 .082 .127 .107 .084
7 — .022 .043 .066 .097 .120
8 — .027 .030 .058 .088 .101
9 — = "2 059 .116 .134 .156
10 — .022 — .067 .096 .121 —
11 — —  .037 .067 .089 .120
12 .019 .025 .036 .065 .092 .110 .132
Max. 2.3 2.1 2.1 2.0 1.0 .028 .049 .076 .091 .127 .140 .156
Min. 1.1 1.3 1.4 1.3 1.6 .016 .014 .025 .031 .043 .093 .084
Aver. { 1.7 1.7 1.6 1.7 1.6 .020 .028 .047 .069 .094 .115 .115
15 16 16 14 6 18 33 38 39 25 15 5
Tunnel angle Septal count
Specimen
1 2 3 4 6 1 2 3 4 5 6
1 23 28 23 23 18
2 — — 32 37
3 25 25 22 33 38
4 23? 30 30
b 28 26 22
6 12 23 30 35 34 46
7 10 16 22 32 32?7
8 10 20 22 32 37
9 9 17 23?7 247 31 34
10 10 15 23 26 30
11 7? - 14?23?2717 31?
12 7 15 20 30 36 397
M?X. 30 30 32 37 38 167 24 31 35 37 46
Min. 17 19 19 18 18 7 15 19 24 30 34
Aver 25 25 25 25 28 10 18 24 21 33 41
12 11 12 7 2 22 21 19 13 9 4
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from the Akiyoshi limestone group.

Pseudofusulina vulgaris (SCHELLWIEN) is one of the most common and wide-
spread species in the Lower Permian formations in Japan and has been reported
from more than ten areas in the islands of Honshu, Shikoku and Kyushu. How-
ever, only Ozawa (1925) and HuzimoTo (1986) described and illustrated this species
from the Akiyoshi limestone and Kwanto massif, respectively. MORIKAWA (1955)
described this species also from the Kwanto-massif very recently.

In the original deseription of this species, SCHELLWIEN illustrated only two
specimens, each one of axial and sagittal sections, the latter of which (fig. 2 of
Pl. XIV) seems to be not conspecific with the former (fig. 1 of Pl. XIV). Although
they are the same in number of volution, they are considerably different in the
diameter of the shell and the thickness of the spirotheca; namely, the spirothecal
thickness measured at the thickest part of the outer volutions is nearly 150 mic-
rons or less in the axial section (fig. 1) of 6.2 mm in the approximate width, but
it exceeds 260 microns in the sagittal section (fig. 2) of 8.9 mm in diameter. If
the axial and sagittal sections illustrated in the original description of a species
could not be regarded as being conspecific, the species must be based on the
axial section. Therefore, the axial section (fig. 2 of Pl. XIV) automatically becomes
the type specimen of Pseudofusulina vulgaris (SCHELLWIEN) and is here designat-
ed as the lectotype of the species.

LEE (1927) distinguished the large and small types in this species which were
considered by him to be representing the megalospheric and microspheric forms
of the dimorphism, respectively. He also regarded the axial and sagittal sections
illustrated by SCHELLWIEN as the microspheric and megalospheric forms of the
species, respectively. However, as recognized by DUNBAR, SKINNER and KiNg
(1935), the microspheric shell of a species possesses much larger shell and more
numerous volutions, and is, so far has been known, much less in number of indi-
viduals than the megalospheric shell. They also clarified that the proloculi of both
the forms are of a different order of size, and the proloculus of the megalospheric
shells has about ten times the diameter of the corresponding microspheric prolo-
culus. Such being the case, it may be improbable in Chinese and Darwas speci-
mens to regard the larger shells with larger proloculus and thicker spirotheca as
the megalospheric form of the dimorphism.

The Akiyoshi specimens collected by myself from many localities well agrees
in all the essential characteristics with the SCHELLWIEN’s Darwas specimen, if his
figure 2 of Plate XIV is chosen as the type specimen as discussed above. No
further discussion seems to be necessary.

Occurrence.—SCHELLWIEN, OzZAWA, LEE, and HUzZIMOTO stressed the associate occur-
rence of Pseudofusulina vulgaris with its many varieties. In the Akiyoshi lime-
stone group it is often, if not always, found associating with many variants.
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Pseudofusulina vulgaris (SCHELLWIEN) occurs most widely in the Pl3 subzone,
although it is ranging upward into the Ply subzone. The following localities are
known : Nos. 13 and 15 limestones of Section I (Loec. 295 and 297, respectively), Nos.
2 and 8 limestones of Section V (Loc. 462 and 463, respectively), No. 4 limestone
of Section VII (Loc. 4385), Nos. 9, 10, and 12 limestones of Section X (Loc. 568,
568A, and 568C, respectively), Nos. 1, 7, and 8 limestones of Section XII (Loc. 606,
610, and 611, respectively), No. 5 limestone of Section XIV (Loe. 101), No. 5 lime-
stone of Section XXIII (Loc. 273), No. 10 limestone of Section XXVI (Loc. 760), and
Loc. 62, 490, 553, 572, 613, 623, and 626.

Pseudofusulina vulgaris var. globosa (SCHELLWIEN)
Pl 21, figs. 16-18; Pl. 22, figs. 1-7

1909. Fusulina vulgaris var. globose SCHELLWIEN. DYHRENFURTH. Palaeontographica, Vol. LVL.
pp. 164, 165, Pl. XIV, figs. 3-7,

1925. Schellwienia vulgaris var. globosa OzawA. Jour. Coll. Sei. Imp, Univ. Tokyo, Vol. XLV,
Art. 6, pp. 24, 25, Pl. VII, figs. 1, 2.

1927. Schellwienia vulgaris var. globosa LEE. Palaeontologia Sinica, Ser, B, Vol. IV, Fasec. 1,
p. 67, PL IX, fig. 12.

1936. Pseudofusulina vulgaris var. globosa HuzmMoTo. Sci. Repts. Tokyo Bunrika Daigaku, Sec.
C, Vol. 1, No. 2, pp. 77, 78, P1. XII, figs. 1-7; PL. XIV, figs. 1, 2.

More than a score of specimens which are almost identical with Pseudofusul-
ina vulgaris var. globosa (SCHELLWIEN) have been obtained in my collection. They
are almost the same in all the important characters and statistical measurements
with those of the type form of Pseudofusulina wvulgaris s. str. except for the
form ratio; namely, this form is more globular in shape than the type form of
the species, attaining form ratios of 1.25 to 1.48. Average ratios of the half
length to the radius vector of the first to sixth volution in six specimens are 1.7,
1.6, 1.5, 1.5, 1.4, and 1.4, respectively.

I do not describe other characteristics in detail, but, for completeness’ sake,
I am giving the statistical data of this form in the Table 64.

Remarks.—The same remarks as those in Pseudofusulina vulgaris (SCHELLWIEN) s.
str. are also given to this form ; namely, the axial section in the original illustration
(fig. 8 of Pl. XIV) seems to be not conspecific with the sagittal section (fig. 7 of
Pl. XIV), which has a larger shell, larger proloculus and thicker spirotheca and
was referred by SCHELLWIEN as the typical megalospheric form of the species.
Such being the case Pseudofusulina vulgaris var. globosa should be based on ﬁgs.
3 and 5 of Plate XIV, and the axial section (fig. 8) is, therefore, designated as the
lectotype of this species. The Akiyoshi specimens so well agree with Pseudofusu-
lina vulgaris var. globosa as thus defined that no further discussion seems to be
necessary.
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Table 64. Table of Measurements (in Millimeters) of Pseudofusulina vulgaris var. globosa

(SCHELLWIEN)
Radius vector
Specimen Loc. Rg.No. Pl. fig. L. W. R. Prol.
1 2 3 4 5 6
1 437 1591 21 16 4.8+ 3.43 1.4  .307 .307 .482 .840 1.312 1.840
2 437 1588 21 17 5.09 4.07 1.3 .867 .316 .628 .987 1.542 1.988
3 719 1706 22 1 5.63 3.81 1.5 .240+ .231 .432 .701 1.181 1.53+ 1.88+
4 436 1583 22 2 5.7+ 4.05 1.4 .822  .240 .392 .653 1.120 1.540 2.050
5 568B 1199 22 3 x 3.36 x .252 .211 .383 .741 1.191 1.712
6 719 -1706 22 4 x 3.68 x .306 .261 .466 .805 1.293 1.815
7 719 1705 22 5 x 4.8+ x .289 .276 .520 .858 1.312 1.807
8 T20A 1711 22 6 x 4.00 x .253  .245 .442 .683 1.064 1.474 1.940
Max. .380 .316 .745 1.310 1.937 1.988 2.050
Min. .240  .192 .292 .530 .837 1.212 1.606
277,268 .489 .822 1.271 1.625 1.846
Aver. {
20 21 21 21 19 14 6
Ratio of HI./Rv. Thickness of spirotheca
Specimen
1 2 3 4 5 6 0 1 2 3 4 5 6
1 — 1.5 1.5 1.6 1.5 .021 .027 .034 .067 .121 .088
2 1.9 1.5 14 1.4 14 — .027 .064 .094 .108
3 1.2 1.4 15 1.2 15 1.5 — .021 .043 .067 .088 .086
4 — 15 1.5 1.5 1.5 1.3 .019 .025 .039 .054 .096 .110 .107
5 .018 .025 .034 .074 .102 .107
6 011 .022 .032 .069 .096 .126
7 .018 .024 .046 .078 .117
8 — .022 .045 .072 .081 .107 .114
Max. 1.9 1.8 1.7 1.6 1.5 1.5 .021 .044 .080 .133 .134 .124 .114
Min. 1.2 14 14 1.2 1.4 13 .011 020 .032 .051 .070 .086 .103
Aver. {l7 1.6 1.5 1.5 14 1.4 .017 .027 .049 .073 .101 .105 .108
4 6 6 6 4 2 12 19 19 18 18 19 3
Tunnel angle Septal count
Specimen
1 2 3 4 5 1 2 3 4 b 6
1 19 21 22 22
2 32 32 — 22?
3 33 22 24?7 19 20
4 — — — - —
5 117 20 22 32 32?7
6 11 18 23 34 32
7 12 21 30 32 367
8 11 19 23 28 31 35
Max 38 33 33 24 12 21 31 35 37 39
Min 19 21 247 19 9 17 21 27 31 35
Aver. 30 27 28 22 20 11 19 25 32 34 37
4 4 3 4 1 9 8 8 7 5 2
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Occurrence.—Pseudofusulina vulgaris var. globosa (SGHELLWIEN) is the same in
the stratigraphical occurrence as the type species, but it occurs not necessarily
associated with the latter. The following localities are known: Nos. 6 and 8 lime-
stones of Section IV (Loc. 719 and 720A, respectively), Nos. 5 and 6 limestones of
Section VII (Loc. 436 and 437, respectively), and No. 11 limestone of Section X
(Loc. 568B).

Pseudofusulina vulgaris (SCHELLWIEN) var. megaspherica TORIYAMA,
n, var.
Pl. 22, figs. 8-17; PL 23, figs. 1-3

The shell of Pseudofusulina vulgaris (SCHELLWIEN) var. megaspherica TORI-
YAMA, n. var. is considerably large and thickly fusiform, with almost straight axis
of coiling and bluntly pointed poles. The lateral slopes are straight to convex in
the inner volutions, but become somewhat irregular or coneave in some parts of
the outer volutions. Mature specimens of five to seven volutions are 4.0 t0 6.9 mm
in length and 3.1 to 5.2 mm in width, giving form ratios of 1.4 to 2.0. The shell
is subspherical in shape in the first volution, but becomes thickly fusiform in
the second volution and later retains almost the same axial profile to maturity.
Average ratios of the half length to the radius vector in the first to fifth volution
for nine specimens are 1.4, 1.6, 1.5, 1.6, and 1.5, respectively.

The proloculus is large, and is almost spherical in most of the specimens, but
short ellipsoidal or somewhat irregular in some specimens. Its outside diameter
measures 332 to 575 microns, averaging 435 microns in thirty-one specimens. The
shell expands relatively tightly in the first volution but rapidly and somewhat
uniformly from the second to the last volution. Average radius vectors of the
first to seventh volution of thirty-three specimens are 378, 621, 942, 1,832, 1,713,
2,036, and 2,880 microns, respectively. The chambers are of nearly the same height
throughout their length in the inner three or four volutions and become distinetly
higher in the polar ends of the outer volutions.

The spirotheca is thick and coarsely alveolar, increasing in thickness nearly
uniformly with the growth of the individual. Average thickness of the spiro-
theca in the first to sixth volution of twenty-five specimens is 89, 57, 79, 103, 114,
and 120 microns, respectively. The alveoli of the keriotheca are discernible in
all but the innermost volution of most specimens. About 4 alveoli are counted in
a distance of 100 microns of the spirotheca in the outer volution of one sagittal
section. The proloculus wall is relatively thick and seemingly structureless,
averaging 28 microns in thickness for fifteen specimens.

The septa are thick and highly fluted throughout the length of the shell.
The fluting extends almost completely to the tops of the chambers. The septa are
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Table 65. Table of Measurements (in Millimeters) of Pseudofusulina vulgaris (SCHELLWIEN)

var. megaspherica TORIYAMA, n, var.

. Radius vector
Spech- Loc. RE PL fig. L. W. R. Prol .
) 1 2 3 4 5 6 7
1* 568C 1666 22 8 6.86 4.50 1.5 .500 .436 .612 .835 1.061 1.381 1.900 2.362
2 463 1604 22 9 6.00 3.91 1.5 .485 .431 .918 1.809 1.83?
3 463 1607 22 10 5.62 3.97 1.4 .449 .386 .813 1.273 1.780 2.059
4 606 1678 22 11 5.52 3.1+ 1.8 .34+ .312 .602 1.001 1.397
5 572 1893 22 12 — 3.06 — .450 .335 .537 .733 1.031 1.303 1.600
6 572 1893 22 13 4.02 2.00 2.0 .478 .365 .501 .6562 .951 1.141
7 101 1507 22 15 x 8.27T x .399 .404 .662 .965 1.340 1.758
8 606 1676 23 1 x 4.50 x .437 .380 .688 1.070 1.570 2.128 2.669
9 606 1675 23 2 x  3.557 x .383 .3856 .5560 1.064 1.603
10 568C 1667 23 3 x 5.07 x .36+ .874 .613 .935 1.373 1.869 2.390
Max 575 522,918 1.309 1.837 2.209 2.669 2.88+
Min 332 .241 .401 .652 .951 1.141 1.483 1.900
Aver. .435 .878 .621 .942 1.332 1.713 2.036 2.380
31 31 33 33 28 16 T 3
Speci- Ratio of HI./Rv. Thicknesg of spirotheca
men 1 2 38 4 5 6 o 1 2 3 4 5 6 7
1* 1.2 1.2 1.4 15 1.7 1.8 .023 .085 .062 .079 .085 .140 .169 .158
2 1.3 — 14 1.3 —  .045 .092 .105 .144
3 1.5 1.3 1.3 14 14 021 .036 .072 — — —
4 — 23 19 21 019 .028 .042 .088 .099 .118
5 — — — — — .018 .030 .050 .061 .062 .092
6 — 1.8 1.8 1.7 .018 .022 .043 .052 .094 .079
7 .0257 .057 .073 .086 .108 .121
8 .024 .035 — .096 .102 .119 .100
9 017 — 0477 092 .107
10 — — .055 .064 .121 .141 .112
Max. 1.5 2.3 2.0 2.1 1.7 .028 .057 .092 .111 .144 .165 .169
Min. 1.2 1.2 1.2 1.3 14 .016 .022 .041 .052 .062 .075 .100
- Aver. {1.4 1.6 15 16 1.5 1.8 .023 .039 ,057 .079 .103 .114 .120 .158
5 7. 8 9 3 1 15 22 25 25 21 15 6 1
Speci- Tunnel angle Septal count
men 1 2 3 4 5 6 1 2 3 4 b5 6
1* 25 26 20 21 27 24
2 30 22 21 21
3 37 41 287 28 —
4 25 297 19?7 —
5 — — _ — —
6 29 22 26 21 26
7 8 16 237 32 34
8 — — 367 407 417
9 11 24 27 34
10 — 23? 26?7 407  4? 50?
Max. 37 41 287 23 27 11 24 35?7 40? i 447 507
Min. 16 19 19 16 26 8 16 20 26 33?7 87
Aver. { 26 26 22 20 21 24 1021 26 33 38 44
8 8 9 8 2 1 8 10 11 10 b 2

* Holotype specimen
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very numerous, averaging 10, 21, 26, 33, 88, and 44, respectively, in the first to sixth
volution of eleven specimens. In sagittal sections it can clearly be seen that the
septa are formed of the downward deflection of the tectum and dense structureless
pycnotheeca, the latter of which is mainly deposited on the distal side of the
former.

The tunnel is well developed, with somewhat irregular path. Average tunnel
angles of the first to fifth volution of nine specimens are 26, 26, 22, 20, and 27
degrees, respectively. The chomata do not occur in all but the innermost volu-
tion. The phrenotheca occurs in some part of some specimens, but it is not so
distinet as in the type form of the species.

Remarks.—Pseudofusulina vulgaris (SCHELLWIEN) var. megaspherica TORIYAMA, n.
var. is closely allied to Pseudofusulina vulgaris (SCHELLWIEN) and its varieties in
the general shell characters, but is distinguished from them by its larger shell,
larger proloculus, more rapid rate of expansion, thicker spirotheca, and a little
numerous number of the septa. If only one of these characters is taken into
account, it may not be enough to separate this form from the type species as a
variety. However, as the differences of shell characters as a whole are rather
distinct, I have divided this form as a variety. From the phylogenetical point of
view P. vulgaris var. megaspherica seemingly is more highly developed along the
evolutionary trend than the type speciés and its varieties previously described.

Some forms referred by earlier workers either to Pseudofusulina vulgaris s.
str. or to P. vulgaris var. globosa may be referable to this variety, because it is
highly probable that they might have been identified with the megalospheric form
of the SCHELLWIEN’s original illustrations which were, as already discussed, con-
sidered to be neither conspecific with P. vulgaris s. str. nor with P. vulgaris
var. globosa. SCHELLWIEN’s figs. 2, 4, and 7(2) of Pl. XIV (1909), Ozawa’s fig. 1 of
Pl VII (1925), and HuzimoTo’s fig. 11 of Pl. X, figs. 1, 2, and 4 of Pl. XI, and figs.
1, 2, 8, 4, 5. and 7(?) of Pl. XII (1936) seemingly are referable to this variety.

Occurrence.—Pseudofusulineg vulgaris (SCHELLWIEN) var. megaspherica TORIYAMA,
n. var. shows rather wide stratigraphical occurrence, ranging from the P13 to
Pmp subzone. It was found in the following localities : No. 9 limestone of Section
I (Loc. 289), No. 8 limestone of Section V (Loc. 463), Nos. 9, 10, and 12 limestones
of Section X (Loc. 568, 568A, and 568C, respectively), No. 1 limestone of Section
XII (Loc. 606), No. 5 limestone of Section XIV (Loec. 101), No. 5 limestone of Sec-
tion XXIII (Loe. 278), and Loc. 494, 553, and 572.
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Pseudofusulina vulgaris var. watanabei (OZAWA em. LEE)
Pl. 23, figs. 4-6

1923. Fusulina (Schellwienia) watanabei OZAWA. Japan. Jour. Geol. Geogr., Vol. II, p. 38, Pl

V, figs. 1a, b.
1927. Schellwienia vulgaris var. watanabei LEE. Palaeontologia Sinica, Ser. B, Vol. IV, Fasec.

1, pp. 64-66, Pl. IX, figs. 4, 8.
1955. Pseudofusulina watanabei MORIKAWA. Sci. Repts. Saitama Univ., Ser. B, Vol. II, No. 1,
pp. 91, 92, Pl. VII, fig. 18.

The shell of Pseudofusulina wvulgaris var. watanabei (0ZAWA em. LEE) is
moderately large and thickly fusiform, with almost straight axis of coiling and
bluntly pointed poles. It has nearly straight to convex lateral slopes in the inner
four or five volutions, and straight to slightly concave in the outer two volutions.
The largest specimen of seven volutions at my disposal has an approximate length
of 8.6 mm and a width of 4.6 mm, giving a form ratio of 1.9. The first volution
seemingly is subspherical or short ellipsoidal. From the second volution to matu-
rity the shell is almost the same in the axial profile. The ratios of the half length
to the radius vector of the fourth to seventh volution in the illustrated axial
section are 1.6, 1.7, 1.8, and 1.8, respectively.

The proloculus is relatively large and spherical to subspherical in shape, with
outside diameters of 300 to 477 microns, averaging 367 microns for eleven speci-
mens. The shell is loosely coiled in all but the first volution which is slightly
tightly coiled. The ultimate volution of some specimens is slighly more tightly
coiled than the penultimate one. Average radius vectors of the first to seventh
volution for ten specimens are 812, 518, 819, 1,187, 1,527, 1,985, and. 2,523 microns,
respectively. The chambers are nearly the same in height throughout the length
of the shell except in the extreme polar regions. .

The spirotheca is considerably thick and coarsely alveolar. It shows, however,
some irregularity in thickness even in the same volution. In sagittal sections it
increases in thickness sharply immediately adjacent to the septa. Average thick-
ness of the spirotheca measured above the tunnel in the first to seventh volution
in nine specimens is 45, 59, 82, 99, 119, 126, and 126 microns, respectively. The
proloculus wall is moderately thick, averaging 22 microns in three specimens.

The septa are relatively thick, consisting of clear downward deflection of the
tégtum and the pycnotheca. They are fluted throughout the length of the shell.
The closed chamberlets are formed for less than half the height of the chambers
‘in the central portion of the shell, and for half to two-thirds in the polar third
of the shell. Average septal counts of the first to sixth volution in three speci-
mens are 8, 20, 21, 25, 29, and 31(?), respectively.

The tunnel is low but relatively wide with almost straight path. The tunnel
angles of the second to fifth volution of the illustrated axial section (Pl. 23, fig.



174 R. TORIYAMA

4) are 28, 28, 28, and 24 degrees, respectively. The chomata occur only in the
inner three to four volutions where they are narrow and almost symmetrical in
cross section, being half to less than half as high as the chambers. The phreno-
theca is not distinet, occurring only in limited parts of the outer volutions. The
weak axial fillings present in the inner volutions.

Table 66. Table of Measurements (in Millimeters) of Pseudofusulina vulgaris (SCHELLWIEN)
var. watanabei (OZAWA em. LEE)

Radius vector

Speci- 1., Reg. p g
. . fig. L. W. R. Prol
men No. 1 2 38 4 5 6 1

1 OZAwA's Tv-72* 5.67 3.22 1.8 .260 .267 .517 .833 1.230 1.680
2 451 1594 23 4 8.6? 4.61 1.9 .367 .338 .528 .808 1.104 1.440 1.94+ 2.40+
3 451 1593 28 5 x 4.7 x  .477 .404 .656 .945 1.337 1.708 2.080 2.417
4 451 1595 28 6 x 498 x -340x.338 .561 .852 1.226 1.641 2.180 2.760
Max. 477 404 .656 1.070 1.370 1.708 2.180 2.760
Min. .800 .210 .390 .610 .981 1.320 1.740 2.410
Aver, {:367 .12 .518 .819 1.1871.527 1.985 2.523
1l 8 10 10 10 7 4 3
Speci- Thickness of spirotheca Ratio of HI./Rv.
mem o 1 3 38 4 5 6 7T 1 2 38 4 5 6 17
1 —  .041 .067 .067 .108 .095 1.6 1.6 1.4 1.6 1.6
2 — 048 .050 .096 .092 .125 .139 .09 — — — 1.6 1.7 1.9 1.8
3  .020 .051 .072 .093 .107 .128
4 — .051 .059 .076 .129 .138 .155 .158
Max. .025 .051 .072 .121 .129 .138 .155 .153
Min. .020 .030 .050 .062 .076 .095 .085 .099
Avep, {022 .045 050 .082 .099 .119 .126 .126
er'{ 38 6 6 9 8 6 38 2
Speci- Tunnel angle Septal count
men 1 2 3 4 5 1 2 3 4 5 6
1 30 21 25 28 2
2 — 287 28 28 2
3 8 20 20 2 32
4 — — 247 257 317

* The type specimen was collected from Huo-shih-kou, Shetsun, Kung-hsien, Honan, China.
(WEE, BER, BN, kA#H). The statistics of this specimen is excluded from the averages.

Remarks.—The above description is based entirely on the materials collected from
the Akiyoshi limestone group. '

When Ozawa (1923) established ‘‘Fusulina (Schellwienia) watanabei’’ based on
the Honan specimens collected by Mr. WATANABE, he stated that F. watanabei is
undoubtedly related to the group of “Fusulina vulgaris SCHELLWIEN ’’; neverthe-
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less he distinguished this form as an independent species. Later LEE (1927) dis-
cussed the close similarity between both the forms and emended to regard F.
(Schellwienia) watanabet as a variety of Schellwientia vulgaris s. str.

I am of the opinion that the LEE’s emendation is correct. In reality the
Akiyoshi specimens also show close resemblance to Pseudofusulina vulgaris
(SCHELLWIEN) s. str., and I cannot find any reason for distinguishing the present
form from P. vulgaris as an independent species. Only difference observed in the
Akiyoshi form is its slightly less numerous septa for the corresponding volution,
weaker occurrence of the phrenotheca in the outer volutions and the presence of
weak axial fillings in the inner volutions.

MoORIKAWA recently reported this species from the Shomaru pass of the Kwanto
massif, but his description and illustration are too insufficient to make detailed
comparison. Seemingly his only illustrated specimen is immature and may not be
conspecific with this species.

Occurrence.—Pseudofusuling wvulgaris (SCHELLWIEN) var. watanabei (OZAWA em.
LEE) was originally reported from the Lower Permian rocks of Honan, China.
The Akiyoshi specimens were found in the limestones referable to the PIB and
Ply subzones. Three localities are known: No. 5 limestone of Section VI (Loe. 451),
No. 4 limestone of Section X (Loe. 521), and Loe. 569. The specimens from the
second locality are doubtful and tentatively referred to this species with question.

Pseudofusulina globosa (DEPRAT) var. exilis TORIYAMA, n. var.
Pl 28, figs. 7-16; Pl. 24

Compare :

1912. Fusulina globosa. DEPRAT. Mém. Serv. Géol. 'Indochine, Vol. I, fase. 3, pp. 22-24, Pl.
VI, figs. 5-10, P1. VII. fig. 1.
1913. Fusulina globosa DEPRAT. Mém. Serv. Géol. I’Indochine, Vol. II, fase. 1, pp. 10, 11.

The shell of Pseudofusulina globosa (DEPRAT) var. exilis TORIYAMA, n. var. is
moderately large and thickly fusiform, with almost straight axis of coiling, nearly
straight to convex lateral slopes and bluntly pointed to rounded poles. Mature
specimens of four to five volutions have a length of 5.4 to 7.2 mm and a width of
3.1 to 5.1 mm, giving form ratios of 1.4 to 2.1. The first half to one volution is
subspherical or short ellipsoidal, but the shell soon assumes the closely similar
axial profiles to those of the mature shells. Thus, the ratios of the half length
to the radius vector are nearly the same throughout the growth. Average ratios
of the first to fourth volution of twenty-three specimens are 1.8, 1.8, 1.7, and 1.6,
respectively.

The proloculus is large and spherical in most specimens, but ellipsoidal to
slightly irregular in some specimens, The outside diameter is ranging from 282
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to 534 microns, averaging 380 microns in sixty-eight specimens. The shell expands
rapidly and about uniformly throughout all except the ultimate volution which is
more slightly tightly coiled than the penultimate one. Average radius vectors
of the first to fifth volution for sixty-eight specimens are 853, 697, 1,175, 1,691,
and 2,230 microns, respectively. The heights of the chambers are nearly the same
throughout their length except in the very extreme polar regions.

The spirotheca is rather thick in the absolute thickness, but comparatively
thin for the size of the shell. It increases in thickness almost uniformly as the
growth of the shell. Average thickness of the spirotheca of the first to fifth
volution of fifty specimens is 35, 60, 86, 100, and 125 microns, respectively. The
keriotheca of the spirotheca is coarsely alveolar. 5 to 5%, rarely 6, alveoli are
counted in a space of 100 microns of the spirotheca in the outer volutions. The
spirotheca is thickest in the equatorial region of most specimens, decreasing in
thickness gradually towards the poles.

The septa are thin and narrowly and highly fluted throughout their length.
The fluting extends completely to the tops of the chambers. The septa are wavy
as they extend to the tops of the spirotheca, and are somewhat irregular along
the folds developed by the fluting, resulting in that many septal loops of round
to irregular shapes appear not only in axial sections but also even in sagittal
sections. Average septal counts of the first to fifth volution of twenty-one speci-
mens are 11, 21, 29, 84, and 41, respectively.

The tunnel is low and narrow and the complicated folding of the septa makes
the tunnel sides difficult to determine. Average tunnel angles of the first to
fourth volution for eighteen specimens are 34, 81, 28, and 25 degrees, respectively.
The chomata do not occur throughout all except the first one or two volutions
where they form nearly symmetrical small ridges. The thin phrenotheca occurs
in central part of most specimens, running nearly parallel to the surface of the
spirotheca. No axial filling is present.

Remarks.—The high and narrow septal fluting of Pseudofusulina globosa var.
exilis TORIYAMA, n. var. suggests a relationship to the genera Paraschwagerina and
Schwagerina. However other characters of this form show that it seems better
to refer it to the genus Pseudofusulina.

Among the short gibbous species of Pseudofusulina, P. globosa (DEPRAT) is
most closely allied to this form. As the differences of the shell size, the prolocular
size, the rate of expansion, and the thickness of the spirotheca between both forms
are not so distinet as to distinguish the species, I have described the present form
as a variety of P. globosa (DEPRAT).

This variety also resembles rather closely Pseudofusulina nelsoni opima
THOMPSON from the upper Hueco limestone of Texas. Although it is not easy to
make definite distinction between both forms, P. globosa var. exilis, n. var. differs
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Table 67. Table of Measurements (in Millimeters) of Pseudofusulina globosa (DEPRAT)
var. exilis TORIYAMA, n. var.

Radius vector

Specimen Loc. Rg.No. Pl fig L. w R. Prol.
1 2 8 4 5
1* 463 1601 23 7 5.41 4.02 1.4 .423 421 .772 1.318 2.020
2 463 1600 23 8 7.2?7 4.8 1.5 .351 .353 .772 1.514 2.101 2.57?
3 568A. 1661 23 9 5.84 3.48 1.7  .410 .374 .800 1.373 1.900
4 720 1707 23 10 6.00 2.84 2.1 300+ .282 .613 1.116 —
5 568A 1654 24 17 4.4?7 257 1.7  .403 .356 .797 1.456
6 463 1612 24 3 X 8.8+ x  411x .448 .843 1.489 2.00?
7 568A 1651 24 4  x  4.35 x  .432 .431 1.052 1.858 2.298
8 568A 1652 24 5 x 510 x  :238x .347 .671 1.257 1.962 2.420
9 568A 1657 24 6  x 4.07 x  .300+ .312 .511 .9231.630 2.201
10 56BA 1656 24 7 x 3.75 x  .368 .338 .626 1.104 1.594 2.050
1 568A 1654 24 8  x 3.37 x  .343 .311 .592 1.001 1.591
12 720 1708 24 11 x 2.9+ x  .325 .285 .491 .8521.401
Max.  .634 .528 1.058 1.858 2.298 2.577
Min.  .282 .245 .475 .752 1.196 1.770
Aver, {380 353 .697 1.175 1.691 2.230
68 68 68 60 33 9
Ratio of HI./Rv. Thickness of spirotheca
Specimen
1 2 3 4 0 1 2 3 4 5
1* 1.3 1.7 1.6 1.4 021 032 .044 .096 .112
2 20 1.8 14 1.3 .022 036 .086 .116 .193
3 21 1.8 1.7 1.6 019 .048 074 .124 070
4 2.1 1.5 — — .030 .050 .101 - —
5 2.6 — 1.6 .019  .032 .054 .059
6 016 .044 070 .110 —
7 024 034 .055 118 —
8 025,027 .070 .093 .09 .115
9 — — = .092 .103 .104
10 .019 —  .054 .081 .086 .104
11 — .00 .052 .074 .094
12 022 — 039 .094 .102
Max. 26 26 24 1.8 030 049 086 .13 .193 .I78
Min. 1.1 1.4 1.4 13 015 018 .039 .048 .050 .104
Aver { 1.8 1.8 1.7 1.6 .022 0385 .060 .086 .100 .125
) 23 23 20 8 39 43 50 41 20 4
. Tunnel angle Septal count
Specimen
1 2 3 4 5 1 2 3 4 5
1* 33 23 25
2 30 407 257 2M?
3 31 271 32
4 45 31 36
5 43 35 20
6 9 28 36 —
7 10 20?7 32?7 —
8 10 19 26 86 42
9 1 21 28 8 40
10 10 21 2 36
11 10 22 29 407
12 10 20 28 30
Max. 45 40 36 32 127 25 86 40 42
Min. 24 28 20 20 9 17 23 28 40
Aver. 3 31 28 25 24 11 21 29 34 4
18 16 16 7 1 21 21 16 10 3

* Holotype specimen
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from P. nelsoni opima in having more vaulted shell, slightly more rapid and uni-
form expansion especially in the inner one or two volutions, and a little numerous
septa for the corresponding volutions. At any rate both forms seem to be biolog-
ically closely related if not conspecific.

Pseudofusulina globosa var. exilis TORIYAMA, n. var. somewhat resembles P.
santyuensis HuziMoTo from the Lower Permian of the Kwanto massif, but is
distinguished from the latter by its more gibbous shell, thinner spirotheca and
thinner and more complicated septa.

Occurrence.—Pseudofusulina globosa var. exilts TORIYAMA, n. var. is very abundant
in the P13 subzone, but is ranging upward into the Ply subzone. It has been
obtained from the following localities: No. 15 limestone of Section I (Loe. 297),
No. 9 limestone of Section IV (Loc. 720), No. 8 limestone of Section V (Loc. 463),
No. 4 limestone of Section VII (Loc. 435), No. 10 limestone of Section X (Loc. 5684),
Nos. 2 and 7 limestones of Section XII (Loe. 606A and 610, respectively), No. 7
limestone of Section XXVI (Loc. 757), and Loc. 613.

Pseudofusulina kraffti (SCHELLWIEN) var. magna TORIYAMA, n. var.
Pls. 25, 26

Compare :

1909. Fusulina kroffti SCHELLWIEN. Palaeontographica, Vol. LVI, p. 169, Pl. XVI, figs. 1-9.

1925. Fusulina (Schellwienia) kroffti Ozawa. Jour. Coll. Sei. Imp. Univ. Tokyo, Vol. XLV,
Art. 6, pp. 25, 26, Pl. VII, fig. 4; Pl VI, fig. 7.

1927. Schellwienia kroffti OzaAwA. Jour. Fac. Sei. Imp. Univ. Tokyo, Sec. II, Vol. II, pt. 3,
p. 147, text-figs. 5a, b, c.

1936. Pseudofusulina kraffti HuziMoTo. Sci. Repts. Tokyo Bunrika Daigaku, Sec. C, Vol. 1,
No. 2, pp. 80, 81, PI. XIV, figs. 3-8.

1955. Pseudofusulina kraffti MORIKAWA. Sci. Repts. Saitama Univ., Ser. B, Vol. II, No. 1,

pp. 94, 95, P VII, figs. 15-17.
The shell of Pseudofusulina kraffti (SCHELLWIEN) var. magna TORIYAMA, n.
var. is fairly large and short, thick fusiform, with straight axis of coiling, almost
even to somewhat depressed median portion, convex lateral slopes, and broadly
rounded polar ends. Mature specimens of five to seven volutions are 4.3 to 8.1 mm
in length and 2.9 to 5.4 mm in width, giving form ratios of 1.3 to 1.9. The typical
specimen, one of the largest specimen among the present materials, is 8.1 mm long
and 5.4 mm wide, attaining a form ratio of 1.5. The inner three to four volutions
are subspherical to short ellipsoidal with rounded poles and the axis becomes ex-
tended poleward only slightly in the outer volutions, resulting in that the shell
retains nearly the same axial profiles throughout the growth. Average ratios of
the half length to the radius vectors of the first to seventh volution of twenty
specimens are 1.5, 1.6, 1.5, 1.6, 1.6, 1.5, and 1.6, respectively.
The proloculus is large and spherical to ellipsoidal in most specimens, but
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somewhat irregular in others. Two specimens which have double proloculi of
nearly the same size have been found in this form. The outside diameter is 332
to 778 microns, averaging 491 microns in fifty-nine specimens. The shell expands
rapidly and almost uniformly throughout all but the first volution which is very
slightly tightly coiled. Average radius vectors of the first to seventh volution
for fifty-nine specimens are 410, 654, 956, 1,269, 1,689, 2,027, and 2,552 microns,
respectively. The chambers are nearly the same in height throughout the length
of the shell in all the volutions. The proloculus wall is moderate in thickness,
ranging 16 to 386 microns, and averaging 25 microns in thirty-one specimens.

The spirotheca consists of a tectum and a coarsely alveolar keriotheca. About
4 alveoli are discernible in a distance of 100 microns of the spirotheca of the outer
volutions. The alveoli are also clearly observable even at the beginning of the
first volution in well preserved specimens. Average thickness of the spirotheca
of the first to sixth volution for forty-six specimens is 42, 57, 76, 99, 114, and
118 microns, respectively. The spirotheca is thickest immediately above the tunnel
in most specimens, but it is somewhat irregular in thickness even in the same
volution of some specimens. It is also thickened immediately after the septa.

The septa are rather thick and relatively closely spaced. Average septal
counts of the first to sixth volution of ten specimens are 9, 20, 24, 30, 85, and 37,
respectively. They are highly and narrowly fluted throughout their length. The
fluting extends to the tops of the chambers, forming closed chamberlets which
are of nearly the same height as the chambers in the polar third of the shell and
half to two-thirds in the central region. The phrenotheca does not occur in most
of the specimens but is rarely observable in the outer volutions of some specimens.

The tunnel is low and considerably wide in the earliest volution but becomes
narrow in the outer volutions, and its path is considerably irregular. The intense
fluting of the septa makes the tunnel sides difficult to identify in all parts of most
specimens. Average tunnel angles of the first to sixth volution of seventeen
specimens are 33, 27, 24, 24, 24, and 20 degrees, respectively. The chomata do not
occur in most specimen, but present in the earliest stage of the growth in few
specimens although they are very rudimentary in development. The massive axial
fillings completely fill the chambers of the axial zone of the inner three to five
volutions. They do not ocecur in the outer two or three volutions or become much
less dense if present.

Remarks.—SCHELLWIEN and DYHRENFURTH distinguished two forms in “ Fusulina
kraffti”’, the typical and short thick forms. Both the forms, however, consider-
ably differ from each other in the form ratio of the shell, the prolocular size, and
the rate of expansion, and may be at least subdivisible into varieties if not dif-
ferent species,
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Table 68. Table of Measurements (in Millimeters) of Pseudofusuling kraffti (SCHELLWIEN)
var. magna TORIYAMA, n. var.

Radius vector

Speci- 15, Re. pp 4
. . fig. L W. R. Prol :
men No. 1 2 3 4 b5 6 1
1* 382 1582 25 1 8.10+5.35 1.5 .522 .383 .635 .920 1.226 1.597 2.080 2.481
2 382 1581 25 2 7.61 5.09 1.5 -831x.886 .644 .932 1.257 1.686 2.120 2.610
3 450 1867 25 3 8.20 4.77 1.7 700 .647 .920 1.230 1.589 1.998 2.891 2.797
4*x 522 1626 25 5 7.34 4.82 1.5 -S13x .510 .939 1.333 1.751 2.146
5 881 1574 25 7 6.00 3.657 1.6 .478 .353 .583 .873 1.180 1.540
6 381 1574 25 9 5.77 3.37 1.7 .443 .392 .592 .871 1.152 1.5? 2.0?
7 881 1577 26 2 5.47 3.27 1.7 .474 .401 .653 .989 1.355 1.680
8 B67 2026 26 5 x 3.65 x -3%0x.463 .751 1.071 1.564 1.962
9 450 1868 26 6 x 4.13 x -411x.877 .613 .877 1.140 1.462 1.876 2.284
10 382 1580 26 7 x 4.88 x  .340+.352 .613 .996 1.370 1.769 2.180
11 375 1420 26 8 x  2.84 x  .530 .440 .659 .900 1.169 1.480
Max.  .708 .647 .951 1.380 1.840 2.037 2.391 2.797
Min.  .332 .260 .411 .620 .861 1.230 1.793 2.284
Aver, [-491 410 .654 .956 1.269 1.689 2.027 2.552
© 159 57 69 58 56 39 14 6
Speci- Ratio of HI./Rv. Thickness of spirotheca
memo4 2 8 4 5 6 7 6o 1 2 3 4 5 6
* - — — — 14 15 .026 .064 — .064 .120 .123 —
2 — — 15 1.5 1.5 1.4 .017 .043 .055 .082 .097 .116 .128
3 1.0 1.0 1.0 1.0 11 1.3 .019 .039 .048 .057 .094 .114 .120
4 1.2 1.3 1.3 1.3 15 —  .028 .067 .074 .092 .087
5 — 1.8 1.7 1.9 18 .030 .035 .059 .082 .096 .104
6 1.1 — 1.4 1.4 1.5 .034 .057 .075 — — .093
7 — - = 17 .025 .056 — .099 .137 .153
8 .025 .071 .096 .107 .167 .096
9 .022 .039 .048 .064 .074 .091 .113
10 —  .034 .048 .089 .096 .126 —
1 .024 .042 .060 .089 .094 .062
Max. 2.0 2.2 2.1 2.0 2.2 2.2 1.8 .036 071 .096 .118 .167 .164 .169
Min. 1.0 1.0 1.0 1.0 1.1 13 1.5 .016 .024 .035 .041 .044 .062 .082
Aver {1.5 1.6 1.5 1.6 1.6 1.5 1.6 .025 .042 .057 .076 .099 .114 .118
VU9 12 16 20 16 6 2 31 4 4 45 45 29 9
Speci- Tunnel angle Septal count
men 1 2 3 4 b5 6 1 2 3 4 5 6
1* 27 21 19 19 18 —
2 28 267 24 157 187 1T?
3 30 26 20 19 — —
4% 32 27 207 20 22
5 380 28 23 21 24
6 29 27 28 32
7 — 3 27 3 2
8 6 20 26 27 33
9 10 237 297 357 377 42?
10 9 19 21 29 367 367
11 — 217 257 28 —
Max 48 34 30 33 30 23 10 24 30 35 37 42
Min 27 2 19 15 18 17 6 17 21 27 30 36
Aver 33 271 24 24 24 20 9 20 24 30 8 37
1316 17 16 10 2 § 10 10 8 6 38

* Holotype specimen

** Specimen which has double-proloculi.
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The Akiyoshi specimens, including the 0ZAWA’s ones, well agree with the short,
thick form of ‘““Fusulina kraffti’’ in all the essential characters and statisties
except for that the latter has slightly thicker spirotheca in the outer volutions.

Pseudofusulina kroffti (SCHELLWIEN) is one of the most common species in
the upper part of the Lower Permian and the lower part of the Middle Permian
formations of Japan, and has been reported from more than ten localities through-
out this country, though only Ozawa (1925) and Huzimoro (1986) described and
illustrated this species from Akiyoshi and Akasaka limestones and the Kwanto
massif, respectively. Besides, MORIKAWA (1955) also described and illustrated the
same species very recently from the Shomaru pass of the Kwanto massif. How-
ever, unfortunately to say, their illustrations are neither sufficient in number nor
exactly well oriented except few, and therefore, the detailed comparison seems
to be not advisable here, but some of them, i. e., the upper left figure of fig. 7
of 0zawa’s Pl. VI and most of the HUziM0TO’s specimens, seemingly are at least
referable to this variety.

Occurrence.—Pseudofusulina kraffti (SCHELLWIEN) var. magne TORIYAMA, n. var.
is considerably wide in the stratigraphical occurrence, ranging from the PI3 to
Pm§g subzone, although it is more abundant in the lower two subzones (P13 and PIr)
than in the upper ones (Pma and Pmg). The Akiyoshi specimens were collected
from the following localities : No. 4 limestone of Section VI (Loc. 450), Nos. 5 and
8 limestones of Section X (Loc. 522 and 567, respectively), No. 6 limestone of Section
XVI (Loc. 188), No. 2 limestone of Section XIX (Loc. 375), No. 1 limestone of Sec-
tion XX (Loec. 265), No. 6 limestone of Section XXV (Loc. 300), No. 8 limestone of
Section XXVI (Loec. 758), and Loc. 194, 195, 380, 381, 882, 497, 553, and 572 (OzawA’s
specimens were collected from Kunigyo, Isa-machi, Miné-shi).

Pseudofusulina cf. yobarensis (OZAWA)
Pl. 27, figs. 1-13

1925. Schellwienia yobarensis OzAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XIV, Art. 6, p.
27, Pl. VII, figs. 7, 8.

The shell of Pseudofusulina cf. yobaremsis (0zawa) is subglobular to very
short fusiform and small in size for the genus, with almost straight axis of
coiling, broadly rounded poles, and convex lateral slopes. Mature specimens of
four to four and a half, rarely five, volutions are 3.6 to 4.7 mm in length and 2.1
to 3.2mm in width, giving form ratios of 1.3 to 1.5. The shell is almost the same
in axial profile throughout the growth. Average ratios of the half length to the
radius vector of the first to fourth volution in nine specimens are 1.3, 1.4, 1.4, and
1.4, respectively. :

The proloculus is large for the size of the shell, and considerably varies in
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outside diameter, ranging from 246 to 660 microns and averaging 447 microns in
thirty-six specimens. The shell expands relatively rapidly and almost uniformly
throughout the growth. Average radius vectors of the first to fifth volution of
thirty-eight specimens are 381, 648, 988, 1,246, and 1,564 microns, respectively. The
chambers are nearly the same in height throughout the length of the shell,
except in the very extreme polar regions.

The spirotheca is thick for this size of the shell, increasing in thickness
rapidly. Average thickness of the spirotheca of the first to fifth volution of
thirty-two specimens are 89, 70, 90, 99, and 121 microns, respectively. They are
composed of the tectum and coarsely alveolar keriotheca, the latter of which is
not observable in the first half to one volution of most specimens. In the outer
volutions 5, rarely 6, alveoli are counted in a distance of 100 microns of the spiro-
theca. The spirotheca is thickest immediately above the tunnel and decreases
toward the poles in most of the specimens. The proloculus wall is considerably
thick, averaging 24 microns in twenty-two specimens.

The septa are thin and moderately widely spaced. Average septal counts of
the first to fifth volution of fourteen specimens are 10, 20, 24, 27, and 30, respec-
tively. They are rather highly fluted throughout the length of the shell. The
closed chamberlets extend almost to the top of the chambers in the end third of
the shell, but are nearly half to two-thirds as high as the chambers in the central
region of the shell. _

The tunnel is narrow, with a path somewhat irregular. Average tunnel angles
of the first to fourth volution of nine specimens are 29, 25, 21, and 24 degrees,
respectively. The chomata oceur in all except the outer one to two volutions.
They are low and asymmetrical in the first one to two volutions, having steep
tunnel sides and gentle poleward slopes. In the outer volutions they are nearly
symmetrical and about half as high as the chambers. The phrenotheca does not
oceur in most specimens including the OzawaA’s type material, but is observable
in some specimens although it occurs in a limited part of the outer volutions.

Remarks.—One may question if Pseudofusulina yobarensis (OZAWA) may represent
a megalospheric form of some form of P. vulgaris (SCHELLWIEN) and its allies. In
the remarks of his original description of this species, however, Ozawa (1925) stated
that it may be regarded as a small form which does not attain the size of Schell-
wienia vulgaris and its allies, and not as younger stage of the latters.

The present specimens are considerably larger than the Ozawa’s type speci-
men*, although outer part of the latter is clearly broken out after the fossilization,

* OzAWA. illustrated only four specimens and did not designate the holotype. Because the
right figure of the fig. 7 of Pl. VII being only the axial section, it automatically becomes the
holotype specimen of Pseudofusulina yobarensis.
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Table 69. Table of Measurements (in Millimeters) of Pseudofusulina cf. yobarensis (OZAWA)

Radius vector

Specimen Loe. Rg.No. Pl fig. L. W. R. Prol
1 2 3 4 b
1*}0szvA"s II-24 27 12 2.36 1.61 1.5 -3%91x .275 .473 .787
ok [ epecimen | 1194 27 18 x  1.81 x "294x .270 .505 .794
3 495 1119 27 1 457 3.1?7 1.5 .451 .344 .613 .951 1.226
4 552 1637 27 2 3.8+ 3.0+ 1.3 :éggx .853 .613 .960 1.343
5 497 1621 27 3 4.29 295 1.5 .581 (442 759 1.226
6 452 1879 27 4 3.589 255 1.4 437 .477 .612 .832 1.151 1.410
7 475 1446 27 6 X 2.4+ x .332  .307 .552 .980
8 567 2024 27 7 X 3.07 X .813  .317 .617 .957 1.347
9 552 1634 27 8 X 3.0+ X .490 .375 .567 .861 1.200
10 552 1638 27 9 X 2.90 X .40?  .308 .591 .895 1.214 1.470
Max. .660 .552 951 1.307 1.441 1.820
Min .246 .230 .445 .700 1.060 1.410
Aver .447  .381 .648 .988 1,246 1.564
: 36 37 38 38 19 i
Ratio of HI./Rv. Thickness of spirotheca
Specimen B — -
1 2 3 4 0 1 2 3 4 53
1* 1.3 1.3 1.4 .022 .036 .073 .071
2% .025 .048 .067 .071
3 1.6 1.4 1.4 1.6 .025 .047 .089 .105 .091
4 1.6 1.5 1.5 1.3 .028 .034 .096 .107 .153
5 1.5 1.5 1.5 .020 .03¢ — .120
6 1.6 1.6 1.5 1.4 .019 .028 .055 .062 .075
7 .025 .037 .070
8 — — .071 .096 .081
9 .026 .033 .055 .069 —
10 — .041 .062 .072 .075 .118
Max. 1.6 1.7 1.6 1.7 .043 .074 .127 .166 .153 .134
Min. 1.0 1.1 1.2 1.1 .011 .025 .043 .059 .075 .103
Aver { 1.3 1.4 1.4 1.4 .024 .039 .070 .090 .099 .121
' 7 9 9 7 22 32 31 29 15 b
Tunnel angle Septal count
Specimen
1 2 3 4 b 1 2 3 4 5
1* 33 22 22
2% 9 19 22
3 31 20 17 16
4 30 30 21 23
5 25 29 31 -
6 37 27 — 23?
7 11 19 22?7
8 — — 24 26 31
9 9 17 20 26
10 — 19 24 28
Max. 37 30 31 33 13 23 29 30 31
Min. 22 20 17 16 7 17 20 24 30
29 25 21 24 15 10 20 24 27 30
Aver. { 9 9 77 1 12 1 117 2

* The statistics of the specimens 1 and 2 is excluded from the averages.
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and I am referring them to Pseudofusulina yobarensis (0zZawA) with some ques-
tion.

The present species is closely similar to P. vulgaris var. megaspherica n. var.,
but differs from the latter in having smaller and more gibbous shell, less numerous
volutions and slightly less numerous septa for the corresponding volution. They
may be biologically closely related with each other.

Occurrence.—Pseudofusulina cf. yobarensis (0ZAWA) occurs most abundantly in the
Plr subzone, but is ranging both upward to the Pma and downward to the PIg
subzone. It was obtained from No. 13 limestone of Section I (Loc. 295), No. 6
limestone of Section VI (Loe. 452), Nos. 7 and 8 limestones of Section X (Loc. 566
and 567, respectively), No. 1 limestone of Seetion XXIV (Loc. 552), Nos. 5 and 9
limestones of Section XXVI (Loc. 754 and 759, respectively), and Loec. 475, 495, and
497.

Pseudofusulina (?) isaensis TORIYAMA, n. sp.
Pl 27, figs. 14-21

The shell of Pseudofusulina(?) isaensis ToRIYAMA, n. sp. is of relatively large
size and thickly fusiform, with almost straight axis of coiling, much inflated
central region, and tapering and bluntly pointed poles. The lateral slopes of the
inner three volutions are convex to nearly straight, but those of the outer two
volutions are considerably concave. Mature shells of five to six volutions are 6.7
to 7.9 mm in length and 2.8 to 4.9 mm in width, giving form ratios of 1.5 to 2.2.
The first two to three volutions have short axis of coiling and subspherical to
short fusiform. Beyond the third or fourth volution the axial ends become rather
rapidly extended and the lateral slopes become concave. Average ratios of the
half length to the radius vector of the first to sixth volution in four specimens
are 1.5, 1.4, 1.5, 1.8, 1.8, and 1.9, respectively.

The proloculus is large and almost spherical, with an outside diameter of 446
to 600 microns, averaging 555 microns in nine specimens. The shell expands rapidly
and almost uniformly throughout all but the last volution which seemingly is
slightly tightly coiled than the penultimate one. Average radius vectors of the
first to fifth volution for nine specimens are 473, 750, 1,057, 1,421, and 1,688 mic-
rons, respectively. The chambers are nearly the same in height throughout the
length in the inner three volutions but rapidly increase in height polewardly in
the outer two to three volutions.

The spirotheca is thick, consisting of the dense tectum and distinct alveolar
keriotheca. About 5 alveoli are counted in a space of 100 microns of the spirotheca
of the outer volutions. They can not be observed in the earliest stage of the
growth. The spirotheca increases- in thickness rapidly throughout the growth,
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except that it decreases in the ultimate volution of some specimens.

in five specimens.

The septa are moderately thick and highly fluted throughout the length of

Table 70. Table of Measurements (in Millimeters) of Pseudofusulina(?) isaensis TORIYAMA, n. sp.

Average
thickness of the spirotheca in the first to fifth volution of eight specimens is 51,
72, 103, 124, and 109 microns, respectively. The proloculus wall, which seemingly
consists of a single structureless layer, is moderately thick, averaging 22 microns

Radius vector

Specimen Loc. Rg.No. Pl. fig. L. W. R. Prol
1 2 3 4 b
1* 522 1627 27 14 6.70 3.11 2.2 .467 .415 .686 1.064 1.453
2 522 1628 27 16 7.5+ 4.93 1.5 .545 .500 .828 1.241 1.656 1.915
3 572 1896 27 17 5.0?7 2.75 1.87 .490 .392 .613 .806 1.107 1.440
4 572 1895 7.93 3.54 2.2 594 .471 .686 .91+ 1.210 1.530 1.870
5 522 1627 27 18 X 3.91 «x .559 .491 .766 1.088 1.470 1.740
6 522 1630 27 19 X 4.07 x .60+ .513 .889 1.337 1.778
7 5563 1643 27 21 X 3.22 «x .496 .424 625 .941 1.287 1.748
Max. .600 .550 .889 1.837 1.778 1.915
Min. .446 .392 .613 .806 1.107 1.440
Aver. {.555 .478 .750 1.057 1.421 1.688
9 9 9 8 8 7
’ Ratio of HI./Rv. Thickness of spirotheca
Specimen
1 2 3 4 5 6 0 1 2 3 4 5 6
1% 1.2 1.4 14 19 — .018 .041 .041 .122 .118
2 1.2 1.0 1.0 1.3 1.7 — .057 .129 .142 .166 —
3 20 15 1.7 2.1 1.8 — — .031 .050 .081 .060
4 1.7 1.6 20 — 1.8 1.9 .025 .025 .040 .048 .088 .100 .084
5 .027 .055 .096 .103 .139 —
6 — .07 .092 .153 .150
7 .021 .057 .062 .102 .123 .168
Max. .027 .064 .129 .153 .166 .168
Min. .018 .025 .040 .048 .081 .060
Aver {.022 .051 .072 .103 .124 .109
' 5 7 8 7 7 3
Tunnel angle Septal count
Specimen
1 2 3 4 5 6 1 2 3 4
1* 29 24 19 15
2 27 24 17 18 26
3 28 23 15 21?7
4 24 24 21 20?7 14? 16?
6 10 26 327 36+
7 9 21 27 27+

* Holotype specimen
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the shell in all the volutions. The closed chamberlets extend almost completely
to the tops of the chambers. Due to the insufficiency of material the septal
counts of this form are not exactly known, but 10, 26, 327, and 36+ septa are
counted in the first to fourth volution of one sagittal section. Cuniculi formed by
the intense fluting of septa are observed, although they are not so distinet as in
typical form of Parafusulina.

The tunnel is narrow with somewhat irregular path. Average tunnel angles
of the first to fifth volution of four specimens are 27, 24, 18, 19, and 20 degrees,
respectively. The chomata occur only in the inner two or three volutions where
they are low and asymmetrical. In the outer volutions they are, if present, not
recognized as distinct ridges, being rather heavy, irregular deposits on the septa
and the spirotheca. The thin phrenotheca is observable in some part of the outer
volutions but they are not so distinct as in Pseudofusulina vulgaris (SCHELLWIEN)
and its varieties. No axial filling exists.

Remarks.—Pseudofusulina(?) isaensis TORIYAMA, n. sp. is rather unique in the shell
form and is not comparable with any species of Pseudofusulina hitherto described
in this country. It somewhat resembles Pseudofusulina hawkinsi (DUNBAR and
SKINNER) from the Glass Mountain, Texas, but differs from the latter in having
more vaulted shell with the subspherical inner volutions, slightly larger proloculus
and more or less thinner spirotheca.

The intense fluting of the septa and the existence of cuniculi in this species,
though not so distinet as in the typical form of Parafusulina, suggest its approach
to the latter genus, but it is still referable to the genus Pseudofusulina with
question by its much vaulted form of the shell, large proloculus and rather thick
septa and spirotheca.

Occurrence.—Pseudofusulina(?) isaensis TORIYAMA, n. sp. occurs only in three locali-
ties, No. 5 limestone of Section X (Loc. 522) and Loec. 553 and 572. Its strati-
graphical age is of the P13 subzone, but it is perhaps ranging upward into the
Ply subzone.

Pseudofusulina ambigua (DEPRAT)
Pl. 28; Pl 29, figs. 1-9

1913. Fusulina ambigue. DEPRAT. Mém. Serv. Géol. VIndochine, Vol. II, fasc. 1, pp. 14, 15,
Pl. II1, figs. 4-7. )

1914. Fusulina ambigua DEPRAT. Mém. Serv. Géol. I'Indochine, Vol. III, fasc. 1, p. 16, Pl.
I, figs. 1-4.

1925. Schellwienia ambigua OZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 6, p.
81, Pl. 1V, fig. 8.

1927. Schellwienia ambigua OZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Sec. II, Vol. II, Pt. 3,
p. 144, Pl. XXXV, fig. 7; Pl. XXXVII, figs. 2, 4; P1. XXXVIII, fig. 1a; P1. XXXIX, fig.
10; P1. XLV, figs. 7, 8.

1936. Pseudofusulina ambigua HuziMOTO. Sci. Repts. Tokyo Bunrika Daigaku, Sec. C, Vol. 1,
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No. 2, pp. 69, 70, Pl IX, figs. 5, 6; Pl. X, figs. 1-3.

The shell of Pseudofusulina ambigua (DEPRAT) is considerably large and
elongate fusiform, with almost straight axis of coiling and bluntly pointed poles.
The lateral slopes are convex to straight in the inner volutions, but are straight
to somewhat concave in the outer ones. Mature specimens of four and a half to
five, very rarely five and a half, volutions are 7.6 to 9.0 mm long and 2.2 to 3.5 mm
wide, giving form ratios of 2.5 to 3.0. Most typical specimen in the present col-
lection has a length of 7.90 mm and a width of 2.63 mm, giving a form ratio of
3.0. The shell is subspherical to ellipsoidal in shape in the first volution, but
beyond the second volution the axis extends with considerable rapid rate. The
ratios of the half length to the radius vector of the first to fifth volution in
twelve specimens are 1.9, 2.2, 2.4, 2.6, and 2.8, respectively.

The proloculus is relatively large for the size of the shell. It is usually
spherical to ellipsoidal, but is somewhat irregular in some specimens. Its outside
diameter is ranging from 244 to 414 microns, averaging 308 microns in fifty-seven
specimens. The largest diameter of the ellipsoidal proloculus attains 440 microns.
The shell relatively rapidly expands throughout the growth except in the first
volution which is slightly tightly coiled. The radius vectors average 255, 428, 685,
1,023, 1,877, and 1,676 microns in the first to sixth volution, respectively, in sixty-
two specimens. The chambers are lowest immediately above the tunnel, and they
increase in height slowly and uniformly poleward from the tunnel.

The spirotheca is moderately thick, consisting of a tectum and a coarsely
alveolar keriotheca. Alveoli are hard to be observable in the inner volutions of
some specimens. Average thickness of the spirotheca in the first to fifth volution
for fifty-one specimens is 29, 43, 68, 89, and 98 microns, respectively. The prolo-
culus wall is seemingly structureless, being 25 microns of average thickness in
thirty-two specimens. The spirotheca is thickest immediately above the tunnel,
changing in thickness slightly toward the poles.

The septa are thin and moderately spaced. They are formed of the downward
deflection of the tectum and distinct pycnotheca. Average septal counts of the
first to fifth volution of eighteen specimens are 11, 19, 24, 29, and 31, respectively.
The septa are narrowly and highly fluted completely to the tops of the chambers
in the polar regions and slightly less highly fluted across the center of the shell.
The closed chamberlets extend slightly above the top of the tunnel.

The tunnel widens considerably rapidly as the shell expands. Its path is nearly
straight in some specimens but irregular in others. Average tunnel angles of the
first to fifth volution in fifteen specimens are 26, 28, 33, 40, and 44 degrees, respec-
tively. The chomata are distinet in the inner two to three volutions of most
specimens where they are low and asymmetrical, with steep tunnel sides and
gentle poleward slopes. In the outer volutions they are not present or very
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Table 71. Table of Measurements (in Millimeters) of Pseudofusulina ambigua (DEPRAT)

Radius vector

Specimen Loc. Rg.No. Pl. fig. L. W. R. Prol.
1 2 38 4 5 6
1 271 1521 28 1 7.90 2.63 8.0 .360 .261 .452 .741 1.110 1.48+
2 474 1617 28 2 9.00 3.00 3.0 -325x .280 .439 .683 1.043 1.450
3 544 1168 28 3 8.15 3.23 2.5 .204 .245 .368 .595 .920 1.350 1.665
4 329 1563 28 5 6.60 2.70 2.4 -3%0x .299 .508 .819 1.170
5 544 1170 28 10 8.0+ 2.89 2.8 .338 .322 .516 .806 1.226 1.533
6 543A 1159 29 1 7.60 2.80 2.7 .878 .807 .470 .696 1.049 1.508
7 329 1562 28 11 x 238 x -281x .200 .479 .780 1.150
8 544 1172 28 12 x 212 x .245 .215 .335 .613 .920
9 271 1522 28 13 x  2.68 x 284 .251 .441 .720 1.000 1.330
10 544 1169 29 4 x 268 x .280 .236 .395 .662 1.024 1.395
1 492 1114 29 7 x 223 x .301 .242 .421 .635 1.003
12 271 1524 29 9 x 266 x .270 .260 .400 .661 1.030 1.401
Max. 414 .348 587 .959 1.290 1.533 1.810
Min. .244 .192 .333 .531 .834 1.180 1.580
Aver, {:308 .256 .428 .685 1.023 1.377 1.676
’ 57 60 62 60 56 34 b
Ratio of Hl./Rv. Thickness of spirotheca
Specimen —
1 2 3 4 5 6 0 1 2 38 4 5 6
1 2.3 2.0 3.0 29 28 .024 .020 .066 .089 .100
2 1.0 1.5 2.0 2.6 2.9 029 .034 .043 .097 .119 .134
3 14 21 23 26 27 27 — — .039 .070 .096 .168 .074
4 2.5 24 2.6 28 .028 .042 .052 .062 .083
5 1.7 2.0 25 — — — .031 .054 .080 .092 .101
6 2.3 2.9 3.2 383 29 .026 .029 .086 .076 .107 .117
7 .028 .037 .047 .070 .085
8 .019 .021 .024 .073 .072
9 .024 .039 .047 .061 .070 .085
10 — .026 .037 .061 .070 .064
11 .030 .030 .037 .054 .089
12 024 — 042 .070 .117 .141
Max. 2.5 2.9 3.2 33 29 29 .033 .045 .077 .103 .119 .141 .091
Min. 1.0 1.5 1.7 1.9 26 2.7 .015 .020 .024 .055 .061 .061 .073
Aver {1.9 2.2 24 2.6 28 2.8 .025 .029 .043 .068 .089 .098 .079
: 12 12 12 12 6 2 32 42 51 49 46 31 3
Tunnel angle Septal count
Specimen
1 2 3 4 5 1 2 3 4 5
1 — 28 3% 4
2 — 2 33 34 43
3 20 24 21 81 42
4 17 28 2 38 43
5 32 26 42 57
6 24 28 34 3
7 8 20 25 33
8 12 20 24 26
9 11 18 25 33 28
10 13 2 26 36 30
11 10 18 21 29
12 11 2 21 21 34
Max 33 36 42 57 50 13 24 28 36 36
Min. 17 2 25 28 42 8 15 21 24 28
Aver 26 28 33 40 M 11 19 24 29 31
I 15 15 12 5 16 17 18 15 8
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rudimentary in development. If present, they occur as irregular deposits on the
septa and the spirotheca. The phrenotheca seemingly does not occur in most

specimens.

Remarks.—All the important characters of the Akiyoshi specimens—the shell form,
the prolocular size, the rate of expansion, the spirothecal thickness, and the mode
and intensity of the septal fluting—considerably well agree with those of the
Cammon specimens originally described by DEPRAT. Only the difference is that
the number of the septa is slightly less numerous in the Akiyoshi form, which is
of course regarded as being within the limit of specific variation.

Since DEPRAT (1913) established this species, it has been described and illus-
trated from Akasaka by DEPRAT (1914) and Ozawa (1927), from Yobara of Akiyoshi
by Ozawa (1925), and from Asamido, Fukazawa and other localities of the Kwanto
massif by Huzimoro (1936). However, their materials, excepting DEPRAT’s ones
from Akasaka, are represented by not well oriented axial sections or immature
specimens, and are not available for the detailed comparison.

In the remark of Schellwienia ambigua in his study of the Akasaka limestone,
OzAawA (1927) suggested that some species described by DEPRAT from Eastern Asia
—*“Fusulina subcylindrica, F. parumvoluta, F. laosensis and F. complicata (not
SCHELLWIEN’s)—are not distinct from “Fusulina ambigua DEPRAT’’ but are of the
synonymy with the latter. However, under the precise knowledge of the recent
micropaleontology, these species cannot be regarded as being conspecific, but are
easily distinguished from one another.

Occurrence.—Pseudofusulinag ambigua (DEPRAT) was originally collected from the
Permien supérieur of Cammon with “Fusulina subcylindrica DEPRAT’’. Later
DEPRAT also recorded this species from ‘ the Permien supérieur” of the Akasaka
limestone of Japan with “Fusulina exilis SCHWAGER, F. margheritit DEPRAT and
Neoschwagerina globosa YABE”’. 0zAwA doubted its occurrence in such a higher
horizon, and, indeed, he found it in the lower part of the Nn zone and the upper
part of the Benijima limestone which are possibly correlated with the Plr subzone
and a part of the Pma subzone.

In the Akiyoshi limestone group, Pseudofusulina ambigua (DEPRAT) is consid-
erably abundant in the P13 and Plr subzones, although more common in the latter.
Several doubtful specimens tentatively referred to this species with question have
been obtained from the higher Pma subzone. The following localities are known :
Nos. 8, 9, 10, and 11 limestones of Secton III (Loc. 543, 5438A, 544, and 545, respec-
tively), Nos. 2 and 11 limestones of Section X (Loc. 492 and 568B, respectively),
Nos. 2 and 6 limestones of Section XII (Loc. 606A and 609, respectively), No. 4
limestone of Section XIII (Loec. 571A), No. 3 limestone of Section XX (Loec. 342),
No. 1 limestone of Section XXII (Loc. 329), Nos. 2 and 3 limestones of Section
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XXIII (Loc. 270 and 271, respectively) and Loc. 474 and 508.

Pseudofusulina(?) kyowaensis TORIYAMA, n. sp.
Pl. 29, figs. 10-18

The shell of Pseudofusulina (?) kyowaensis TORIYAMA, n. sp. is large and
elongate fusiform, with almost straight to slightly arched axis of coiling and
narrowly rounded polar ends. The lateral slopes are almost straight to convex in
the inner volutions but straight to concave in the outer ones. Mature specimens
of five to five and a half volutions, including the holotype specimen, are 5.9 to
9.7 mm long and 2.8 to 8.5 mm in width, giving form ratios of 2.2 to 2.8. The
shell is short fusiform with rounded polar ends in the first volution, and beyond
the second volution the axis becomes extended more or less rapidly. Average
ratios of the half length to the radius vector of the first to sixth volution in ten
specimens are 2.1, 2.1, 2.2, 2.3, 2.4, and 2.4, respectively.

The proloculus is large and nearly spherical to somewhat irregular in shape.
Its outside diameter is ranging from 832 to 520 microns, averaging 405 microns in
thirty specimens. The shell expands rapidly and almost uniformly from the first
volution to maturity. Average radius vectors of the first to fifth volution in
twenty-nine specimens are 354, 580, 865, 1,237, ane 1,573 microns, respectively. The
chambers are almost the same in height in the central two-thirds of the shell but
increase poleward in the outer volutons.

The spirotheca is moderately thick and coarsely alveolar. It increases in
thickness nearly uniformly with the growth of the shell. Average thickness of
the spirotheca in the first to fifth volution of twenty-five specimens are 37, 56,
73, 92, and 94 microns, respectively. The proloculus wall is thick, consisting of a
single dense homogeneous layer and averaging 27 microns in thickness for twenty
specimens.

The septa are thin and narrowly and highly fluted throughout the length of
the shell. The fluting extends almost completely to the tops of the chambers.
The pycnotheca is well defined in all but the inner one to two volutions. Average
septal counts of the first to fifth volution in eleven specimens are 12, 24, 27, 30,
and 34, respectively.

The tunnel is low and narrow with an irregular path. The tunnel angles are
nearly uniform during the growth, averaging 29, 29, 27, 33, and 26 degrees in the
first to fifth volution, respectively, in four specimens. These measurements of the
tunnel angles are not precise because it is rather difficult to define tunnel exactly.
The chomata are very weakly developed in most specimens, and occur as small
rudimentary ridges in the inner volutions of some specimens.

Remarks.—The generic reference of this form is somewhat doubtful. The cuniculi
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Table 72. Table of Measurements (in Millimeters) of Pseudofusulina(?) kyowaensis
TORIYAMA, n. sp.
Radius vector
Specimen Loc. Rg.No. PL fig. L. W. R. Prol
1 2 3 4 5 6
1* 258 617 29 10 8.25 3.50 2.4 .441 .412 .663 .961 1.260 1.551 1.730
2 494 1884 29 11 9.70 3.507 2.8 .42+ .362 .513 .742 1.073 1.44?
3 494 1884 29 12 7.18 3.22 2.2 .369 .307 .491 .770 1.135 1.559
4 494 1882 29 13 7.40 3.1+ 2.4 .367 .307 .454 .750 1.111 1.38+
5 547 790 29 16 X 3.10 x .39+ .291 .538 .860 1.258 1.809
6 547 791 29 17  x  2.50 x  -358x 485 .797 1.257
7 329 1562 29 18 x  2.87 x  gEix.418 .737 1.197 1.658
Max. .520 .485 .797 1.257 1.658 1.809
Min. .332 .245 .440 .650 .882 1.380
Aver. .405 .354 .580 .865 1.237 1.573 1.730
30 29 29 29 22 12 1
Ratio of Hl./Rv. Thickness of spirotheca
Specimen —
1 2 3 4 5 6 0 2 3 4 5
1* 1.9 20 22 2.2 22 24 .024 .042 .052 .070 .075 .070
2 1.9 24 — 29 34 .030 .029 .045 .084 .099 .118
3 — 2.1 2.2 22 22 .027 .031 .062 .071 .099 .118
4 1.8 1.8 1.9 2.1 25 .021 .042 .048 .054 .090 .075
5 .021 .028 .061 .096 .108 .086
6 .035 .041 .067 .064
7 .038 .042 .061 .094 .080
Max 2.6 24 2.7 29 34 .043 .052 .094 .107 .141 .118
Min 1.8 1.8 1.9 2.0 1.9 .018 .027 .037 .048 .062 .070
Aver. {2.1 2.1 2.2 23 24 .027 .037 .056 .073 .092 .094
9 10 9 6 5 20 23 25 25 17 9
Tunnel angle Septal count
Specimen
1 2 3 4 5 1 2 3 4 5
1* — 29 22 29
2 — — 24 38 28
3 28 — — 32 25
4 — — 31 — —
5 10 16 22 25 35?
6 13 23 25?7
7 14 31 33 31
Max 33 32 32 38 28 16 31 33 35 35?
Min. 28 25 22 29 25 10 16 22 25 32
Aver { 29 29 27 33 26 12 24 27 30 34
) 3 3 4 3 2 10 11 9 b 2

* Holotype specimen
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of this form seemingly develop at least in the outer volutions, but it is not certain
that whether do they occur also in the inner volutions of the shell.

Pseudofusulina(?) kyowaensis TORIYAMA, n. sp. is closely similar to P. ambigua
(DEPRAT) in the size and shape of the shell and the rate of expansion, but is
distinguished from the latter in having slightly thicker form, larger proloculus,
and more highly and narrowly fluted septa.

Pseudofusulina (?) kyowaensis n. sp. also resembles some American forms of
Schwagerina and Parafusulina. Among them, Schwagerina caurus THOMPSON,
WHEELER and DANNER from South Twin Lakes limestone, Washington, has some
resemblance to the present species in the shape of the shell, the rate of expansion
and the intensity of the septal fluting, but the former is distinguished from the
latter by thicker spirotheca, slightly larger proloculus and heavier axial fillings.

Parafusulina diabloensis DUNBAR and SKINNER from the Bone Spring forma-
tion, Texas, is somewhat similar to the present form in some respects, but differs
from the latter in having larger and more stout shell, much thicker spirotheca
and more intense septal fluting.

At any rate, this form may be referable to Parafusulina or Schwagerina, and
indeed, it is transitional in biological characters from Schwagerina to Pseudofusu-
lina or to Parafusulina. For the present I have placed it in the genus Pseudo-
fusulina with question.

Occurrence.—Pseudofusulina(?) kyowaensis TORIYAMA, n. sp. has been found in the
Nos. 8, 10, and 11 limestones of Section III (Loc. 543, 544, and 545, respectively),
No. 2 limestone of Section X (Loc. 492), Nos. 1 and 2 limestones of Section XXI
(Loc. 257 and 258, respectively), No. 1 limestone of Section XXII (Loc. 329) and Loc.
494, 547 and 548. It is most common in the Loc. 494. The stratigraphical range
of this species is fairly wide, ranging from the Pla to Pma, of which the P15 and
Plr seemingly are of the acme of this species.

Genus Parafusulina DUNBAR and SKINNER, 1931
Parafusulina lutugini (SCHELLWIEN)
Pl1. 80, figs. 1-5

1908. Fusulina lutugini SCHELLWIEN. Palaeontographica, Vol. LV, pp. 177, 178, Pl. XVII,
figs. 2, 8, 7, 8, 12-14.

1925. Schellwienia lutugini OzAWA. Jour. Coll. Sei. Imp. Univ. Tokyo, Vol. XLV, Art. 6, pp.
28, 29, Pl. VI, fig. 4.

1927. Schellwienia cf. lutugini LEE. Palaeontologia Sinica, Ser. B, Vol. IV, Fase. 1, pp. 76, 77,
Pl X, figs. 5, 6.

1947. Schwagerina cf. lutugini TORIYAMA. Japan. Jour. Geol. Geogr., Vol. XX, Nos. 2-4, pp.
68, 69, Pl. 16, fig. 2.

I have obtained only two sections of Parafusulina from the limestone of Loc.
494. One is axial, though not exactly axial, and the other is sagittal. Although
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they are not sufficient for the detailed study, they are perhaps referable to Para-
Susulina lutugini (SCHELLWIEN). The following description is based on these two
specimens.

The shell is relatively large and elongate fusiform, with slightly arcuate axis,
straight to gently convex lateral slopes and bluntly pointed poles. The axial sec-
tion is estimated to have an axial length of 11 mm (half length is 5.5 mm) and a
width of 8.0 mm. These figures give a form ratio of 8.7. The first volution seem-
ingly is ellipsoidal and the axis extends rapidly as the shell grows. The polar end
of each volution is difficult to be determined due to the heavy secondary deposits.

The proloculus is moderate in size, and is probably spherical in the axial sec-
tion, having an outside diameter of at least 260 microns, while in the sagittal
section it is ellipsoidal with a maximum outside diameter of 460 microns and a
minimum one of 332 microns. The shell expands more or less rapidly and almost
uniformly. The radius vectors of the first to sixth volution of the axial section
are 320, 470, 714, 980, 1,287, and 1,644 microns, respectively, and those of the first
to fifth volution in the sagittal section are 807, 480, 680, 9807, and 1,220? microns,
respectively. The chambers are lowest immediately above the tunnel only slightly
increasing in height polewards.

The spirotheca is rather thin for the size of the shell. The thickness qf the
spirotheca of the second, fourth, fifth, and sixth volution of the axial section is
45, 75, 78, and 57(?) microns, respectively, and that of the first to fifth volution of
the sagittal section is 26, 43, 49, 69, and 70 microns, respectively. The spirotheca
consists of a tectum and a keriotheca. The alveoli are clearly observable through-
out all but the first volution. About 8 alveoli are counted in a space of 100 mic-
rons of the spirotheca of the fifth volution.

The septa are highly and narrowly fluted throughout the length of the shell.
Although the fluting extends to the tops of the septa, the closed chamberlets
extend about two-thirds of the height of the chambers in the median part of the
shell.

The tunnel is considerably wide with nearly the straight pass. The tunnel
angles of the second to fifth volution are 54, 53, 52, and 37 degrees, respectively.
The chomata do not oceur even in the earliest stage of the growth. The heavy
secondary deposits occur in a narrow zone along the axis.

Remarks.—Parafusulina lutugini (SCHELLWIEN) is one of the most slender fusuline
found in the Akiyoshi limestone group. It resembles rather closely P. guatemala-
ensis DUNBAR from Purula, Guatemala, but differs from that species in having
thinner spirotheca and less dense axial deposits. The proloculus of the latter
seemingly is larger than that of the former.

Parafusuling lutugint (SCHELLWIEN) displays rather wide geographic distribu-
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tion in the Tethys area, and has often been designated as the zone fossil by
previous workers. So far has been reported, the Ozawa’s CPg, ‘‘Fusulina lutu-
gini’’ subzone in the Akiyoshi limestone, RAUSER-CERNOUSSOVA’s ‘‘Pseudofusulina
lutugini?’ zone in the Ishimbaio oil-field of the western Ural, and RUZENCEV’s
“Schwagerina lutugini’ zone in the Orenburg region are these examples, all of
which were regarded as the Middle or Lower Artinskian in age.

I have examined the OzawA’s collection now kept in the University of Tokyo
and found that ‘““Fusulina (Schellwienia) lutugmi ” is represented by only three
sections (II-70 to II-72), all of them were collected from the Kaerimizu doline.
Nevertheless, it is rather funny that Ozawa selected this species as the zone fossil.

Occurrence.—This species is rarely found in the P13 subzone. Loc. 494 is only
locality in the Akiyoshi limestone group.

Parafusulina kaerimizensis (OZAWA)
Pl. 80, figs. 6-12; Pls. 31, 32.

1925. Schellwienia kaerimizensis OZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art.
6, pp. 81, 82, Pl. IV, figs. 6, 7; P1. VI, fig. 5. [non Pl IV, fig. 5]

1936. Pseudofusulina kaerimizensis HuziMoTo. Sci. Repts. Tokyo Bunrika Daigaku, Sec. C,
Vol. 1, No. 2, pp. 65-67, Pl. VII, figs. 6-8; Pl. VIII, figs. 1-4.

1955. Parafusulina kaerimizensis MORIKAWA. Sci. Repts. Saitama Univ., Ser. B, Vol. II, No.
1, pp. 107, 108, PI. XV, figs. 11-13.

The shell of Parafusuline kaerimizensis (OZAWA) is moderately large and
elongate fusiform to subcylindrical, with straight to slightly arcuate axis of coiling,
straight to somewhat depressed median portion, gently convex lateral slopes, and
bluntly pointed poles. The number of volution is 5 to 7 in most specimens, but is
8 or even 9 in some specimens. Mature shells of 5 to 7 volutions are 10.3 to 14.3
mm in length and 2.3 to 8.6 mm in width giving form ratios of 3.2 to 5.1. The
first volution is subspherical to short fusiform, but the axis becomes extended
very rapidly as the shell grows. Average ratios of the half length to the radius
vector of the first to eighth volution of seventeen specimens are 2.7, 8.0, 3.3, 3.5,
8.6, 3.6, 4.0, and 3.6, respectively.

The proloculus is spherical to subspherical and moderate in size. The outside
diameters range from 215 to 466 microns, averaging 3812 microns for forty-five
specimens. The inner two to three volutions relatively tightly coil and from the
the third or fourth volution the shell expands considerably rapidly and almost
uniformly. Average radius vectors of the first to eighth volution in forty-nine
specimens are 231, 345, 501, 700, 940, 1,210, 1,510, and 1,709 microns, respectively.
The chambers are nearly the same in height in central one-third of the shell, in-
creasing in height gradually and slowly toward the ends in the polar third.

The spirotheca is rather thin and moderately coarsely alveolar. Average thick-
ness of the spirotheca of the first to eighth volution of forty-one specimens is 22,
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27, 86, 46, 61, 74, 87, and 83 microns, respectively. The alveoli of the keriotheca
are distinet in all but the earliest volution. 5 to 6 of alveoli are observed in a
space of 100 microns of the spirotheca of the outer volutions. The spirotheca is
thickest immediately above the tunnel, only slightly decreasing in thickness pole-
wardly. The proloculus wall is also thin, averaging 18 microns for twenty-three
specimens.

The septa are relatively thin and highly and narrowly fluted throughout their
length. The closed chamberlets formed by the strong fluting of the septa are
completely, or almost completely at least, reaching to the tops of the chambers
throughout the length of the shell. The cuniculi are clearly observable in the
tangential sections. The septa are formed of the downward deflection of the
tectum and seemingly structureless pycnotheca. The spacing of the septa is con-
siderably narrow, and average septal counts of the first to seventh volution of
fifteen specimens are 10, 21, 25, 30, 33, 32, and 35, respectively.

The tunnel is relatively wide although it is rather difficult to determine the
tunnel sides exactly due to the high fluting of the septa. The tunnel path is more
or less irregular. Average tunnel angles of the first to seventh volution for fif-
teen specimens are 28, 33, 31, 32, 80, 33, and 36 degrees, respectively. The chomata
seemingly do not occur throughout the growth except in the earliest volution of
some specimens, where they form small, nearly symmetrical ridges. The heavy
secondary deposits occur in the axial zones of the inner four to five volutions of
most specimens. In the outer one to two volutions they become less dense, filling
the chambers only partially. No phrenotheca is present.

Remarks.—Parafusulina kaerimizensis (OZAWA) is one of the most common species
of schwagerinids found in the Middle Permian rocks of Japan. Although in his
original description of this species Ozawa illustrated two axial sections, one [fig.
7 of Pl. IV (the enlarged figure of fig. 5 of Pl. VI)] from Kaerimizu and the other
(fig. 5 of Pl. IV) from Tomuro, they seem to be not conspecific with each other.
Since OzawA did not designate the holotype, one of the above two must be chosen
for the lectotype. It is natural that if a specific name is derived from the locality
name, the type specimen must be chosen from the specimens collected from that
locality ; and, therefore, Parafusulina kaerimizensis (0ZAwA) should be based on
the specimen (section No. II-81 in the OzawA’s collection) illustrated as fig. 7 of
PL. IV (or fig. 5 of Pl. VI) which is designated here as the lectotype of the species.

I have examined and measured scores of specimens collected from Kaerimizu,
and found that P. kaerimizensis as thus defined has some variations within the
species in the rate of expansion, the spirothecal thickness and the intensity of
axial fillings, and that the lectotype specimen represents one extremity of the
limit of variation; namely, it shows the slowest rate of expansion and has thinner,
if not the thinnest, spirotheca.



Table 78. Table of Measurements (in Millimeters) of Parafusulina kaerimizensis (OZAWA)

Specimen Loc. Rg.No. Pl fig. L. W. R. Prol Radius _vector Ratio of HI/Rv.
2 3 4 65 6 1 8 1 2 8 4 5 6 1 8
1* Jozaw's II-81 82 7 12.37 3.6+ 3.4 .264 .190 .254 .368 .513 .705 .9751.226 1.5941.870 — — 3.1 3.6 3.7 3.5 3.6 —
gr Jwecimenly g0 33 8 x .06 x .28 .190 .300 .454 .616 .816 1.088 1.367
3 817 1920 30 6 12.8+3.27 3.9 -%(3x .218 .347 .516 -650 .873 1.147 1.413 8.1 3.1 3.0 3.6 3.7 3.6 3.8
4 817 1917 30 8 10.252.31 4.4 -23%x.187 .288 .451 .724 .984 1.267 1.537 8.6 8.5 3.3 29 3.4 3.6 3.4
5 817 1917 31 2 11.0+2.45 4.5 .40+ .288 .408 .546 .791 .984 1.27? 2.2 2.5 2.8 3.0 4.0 4.1
6  T765A 2261 81 3 12.36 3.00 4.1 5iEx .245 .332 440 .577 .750 .981 1.238 1.600 1.8 2.4 2.8 3.1 3.2 3.4 3.3 3.4
7  288A 1838 31 4 10.5+2.7+ 3.9 .280+.261 .432 .634 .862 1.160 2.4 2.6 29 3.2 3.5
8§ 287B 2184 31 5 14.30 2.8+ 5.1 .226 .153 .236 .338 .472 .674 .890 1.107 — — 8.1 3.7 3.8 8.7 4.5
9 291 2192 32 2 10.013.16 3.2 -5:5x.208 .440 .590 .850 1.070 1.380 1.660 8.8 — 3.8 3.6 3.7 3.7 3.7
10 817 1933 30 9 x 2.48 x .26 .227 .368 .546 .785 1.076 1.35+
11 817 1918 30 11 X 2.3¢ x .290 .221 .829 .476 .677 .940 1.211
12 817 1919 30 12 x 3.32 x 3o5x.233 .350 .494 .742 1.015 1.340 1.732
13 288A 1840 32 5 x 3.36 x -301x.218 .320 .424 .647 .920 1.257 1.616
14 287 2172 32 6 x 296 x 258x.153 .245 .372 .551 .827 1.180 1.580
Max. .466 .307 .460 .613 .834 1.160 1.410 1.840 1.880 8.6 35 45 4.8 5.6 4.2 4.5 3.8
Min. .215 .153 .236 .338 .472 .674 .890 1.107 1.600 1.3 1.9 1.8 2.3 2.5 2.8 2.9 3.3
Aver .312 231 .845 501 .700 .940 1.210 1.510 1.709 2.7 3.0 3.3 3.5 3.6 3.6 4.0 3.6
5 45 49 49 49 39 26 17 4 1212 17 17 17 13 8 &
Specimen "Thickness of spirotheca Tunnel angle Septal count
0 1 2 38 4 b5 6 T 8 9 1 2 3 4 5 6 7 1 2 8 4 5 6 1
1* — .016 .027 .027 .030 .040 .057 .058 .088 .070 22 23 27 26 29 29 30
2% — .024 .027 .030 .048 .049 .074 .095 10 21 26 28 36 34 34
3 .019 .023 .028 .033 .041 .067 .069 .080 — 29 27 30 29 34 43
4 .016 .017 .025 .030 .067 .078 .078 .067 23 24 — — 28 34
5 .021 .020 .022 .035 .055 .064 .097 25 19 — 23 35 37
6 .021 .018 .02 .028 .028 .033 .046 .081 .070 — 21 19 20 21 28 31
7 — — .02 .044 .055 .088 — 32 28 31 28
8 — .023 .024 .028 .037 .042 .061 .090 — 40 — — —
9 .012 .024 .025 .035 .044 .060 .080 .070 - - — —
10 — .021 .020 .032 .045 .059 .066 10 23 28 33 31
11 .026 .021 .030 .043 .057 .085 .07T8 — 20 22 24 28
12 .020 .021 .028 .043 .049 .058 .086 .091 122 22 26 28 33 30 33
13 — .020 .021 .029 .043 .072 .096 .107 10 21 2 31 34 31 36
14 .020 .028 .037 .052 .062 — .108 8 16 177 22 277 367
Max.  .026 .034 .037 .052 .067 .088 .108 .107 .095 83 51 43 48 47 88 43 12 24 28 37 41 36 36
Min.  .012 .015 .018 .025 .028 .033 .046 .067 .070 23 19 19 20 21 28 31 8 16 177 22 28 30 33
Aver {.018 .022 .027 .036 .046 .061 .074 .087 .083 28 33 31 32 30 33 36 10 21 25 30 3 32 35
128 31 38 40 41 81 21 13 2 I 13 13 138 15 9 3 12 15 14 12 8 3 2

* The statistics of the specimens 1 and 2 is excluded from the averages.
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Besides the OzawA’s original report, only HuziMoTo (1936) described and illus-
trated this species from the Kwanto massif. Although he remarked that his
specimens are fairly variable in the external size, the number of the septa and
the form of the proloculus, the statistics of most of the Tsuchisaka-toge specimens
are outside of the limit of variation observed in the Akiyoshi specimens; namely,
most of the Tsuchisaka-toge specimens have larger radius vector and thicker
spirotheca, especially in the outer volutions than those of any specimen found at
Kaerimizu and other localities in the Akiyoshi limestone group.

Very recently MoRIKAWA (1955) also described this species from the Shomaru
pass, eastern part of the Kwanto massif, but his materials are very insufficient
and his measurements seemingly do not coincide with his illustrations. Judging
from his microphotographs, only fig. 12 of Pl. XV seems to be referable to this
species.

Occurrence.—Parafusulina kaerimizensis (OZAWA) oceurs most abundantly in the
Pma subzone and seemingly is ranging upward into the Pmg subzone. It has been
found in the Nos. 5, 7, 9, 9A, 10, and 11 limestones of Section I (Loc. 287, 288A,
290, 817, 291, and 292, respectively), Nos. 1 and 2 limestones of Section XV (Loe.
766A and 183, respectively), and Nos. 3 and 5 limestones of Section XVI (Loec.
191 and 189, respectively), and Loe. 572.

Parafusulina edoensis (OZAWA)
Pls. 33-35; PI. 36, fig. 1
1925. Schellwienia edoensis OZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 6, pp.
30, 31, Pl. VI, figs. 1b, 2, 3.

The shell of Parafusulina edoensis (0zawa) is large and elongate fusiform,
with more or less arcuate axis of coiling, nearly horizontal to slightly convex
median portion, straight to weakly convex lateral slopes, and bluntly pointed poles.
The volution numbers 5 to 7 in most specimens but rarely attains 8 in some speci-
mens. The 0OzawA’s type specimen of six volutions is approximately 14.3 mm in
length and 4.1 mm in width, giving a form ratio of 8.5. The first volution is
ellipsoidal to short fusiform with rounded poles, and from the second volution to
maturity the axis becomes extended rapidly towards the poles as the shell grows.
Due to the arching of the axis of coiling and the heavy axial fillings it is rather
difficult to measure the true length of the axis exactly. Average ratios of the
half length to the radius vector of the first to seventh volution of sixteen speci-
mens are approximately 1.9, 2.2, 2.2, 2.3, 2.5, 2.5, and 2.6, respectively.

The proloculus is large and spherical to short ellipsoidal, with an outside dia-
meter of 290 to 760 microns, averaging 471 microns for sixty-seven specimens. The
shell expands slightly slowly in the first one to two volutions, but rapidly and
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almost uniformly from the third volution to maturity. Average radius vectors of
the first to seventh volution in seventy specimens are 354, 526, 765, 1,043, 1,360,
1,692, and 2,083 microns, respectively. The chambers are lowest immediately above
the tunnel, increasing in height gradually towards the poles.

The spirotheca is moderately thick and distinctly coarsely alveolar. About 5
alveoli occupy a distance of 100 microns in the spirotheca of the outer volutions.
In the well preserved specimens alveolar structure is observable throughout the
growth except in the spirotheca of the earliest few chambers. The spirotheca
gradually increases in thickness as the shell grows. Average thickness of the
spirotheca of the first to seventh volution in fifty-five specimens is 35, 45, 57, 72,
92, 114, and 112 microns, respectively. The proloculus wall is seemingly structure-
less, with a thickness of 18 to 37 microns, averaging 25 microns in thirty-eight
specimens.

The septa are thin and highly and narrowly fluted throughout the length of
the shell. The fluting extends almost completely to the tops of the chambers. The
closed chamberlets formed by the strong fluting completely reach to the tops of
the chambers or at least more than two-thirds as high as the chambers even in
the central portion of the shell. The septa are considerably narrowly spaced.
Average septal counts of the first to sixth volution of fourteen specimens are 9,
21, 26, 30, 32, and 34, respectively.

The tunnel is narrow and its path is somewhat irregular. The strong fluting
of the septa makes the tunnel sides difficult to determine with certainty. Average
tunnel angles of the first to seventh volution of twenty-six specimens are 382, 29,
27, 26, 26, 23, and 23 degrees, respectively. The occurrence of the chomata is
restricted only in the first one to two volutions of some specimens. If present,
the chomata are very rudimentary in development, being small, more or less
asymmetrical ridges on the spirotheca. The dense secondary deposits almost
completely fill the chambers of the axial regions throughout all but a part of the
first and ultimate volutions.

Remarks.—Although Parafusulina edoensis was named by OzawA after Edo, he
was incorrect in nomenclature that he mixed up the locality name and the personal
name to whom he intended to devote the specific name of this form. This has
been clarified by the personal communication from Dr. OzaAwa to Mr. ETo (not
Edo*) of Akiyoshi, Shuho-cho, saying that ‘“I have found several new species and
wish to name one of them in honour of you, ...... ””  Therefore, this species was
ought to be named ‘‘Schellwienia etoi OZAWA”’. At any rate, it should be noted
that P. edoensis does not occur at Edo, Akago, Mito-cho.

* The Chinese characters of Eto (jj#) can also be pronounced ‘“‘edo”. OZAWA seemed to mis-
read Mr. ETO’s name, and moreover, to mix up the misread personal name ‘“Edo’’ and the
locality name ¢ Edo (3¢2)”’



Table 74. Table of Measurements (in Millimeters) of Parafusulina edoensis (OZAWA)

Specimen Loc. Rg.No. Pl. fig. L. W. R. Prol Radius _ vector Ratio of HL/Rv.
2 3 4 5 6 7 8 1 2 38 4 5 6 1
1*}omu's II-50 84 5 14.3+ 4.1+ 8.5 -231x.360 .522 .858 1.245 1.717 2.055 1.9 2.2 2.2 24 2.7 3.3
gr Yovecimen{11 47 34 ¢ 13.04 4.18 3.3 1E80x.411 644 920 1.401 1.824 2.146 2.2 2.2 2.4 2.4 25 2.9
3 814 1950 33 1 13.35 4.45 3.0 — .371 .555 .7751.092 1.340 1.606 1.956 1.3 1.7 1.7 2.0 2.4 3.2 8.5
4 814 1957 33 2 11.80 3.96 3.0 353x.418 .587 .806 1.034 1.364 1.594 1.882 1.9 2.2 2.1 2.0 2.0 2.3 2.8
5 814 1939 33 3 13.1+ 4.45 2.9 .35+ .513 .748 .960 1.300 1.644 2.060 2.41+ 1.9 2.1 2.3 2.3 2.4 2.7 2.7
6 814 1942 33 4 10.5+ 3.91 2.7 -388x.350 .564 .766 1.047 1.370 1.708 2.072 1.9 1.8 1.9 1.9 2.4 2.6 2.5
7 814 1943 34 1 13.4+ 4.56 2.9 -529x.457 .677 .920 1.226 1.625 2.032 2.31+ 0.8 1.3 1.4 1.7 1.7 1.8 2.2
8 286 2163 35 8 11.27 4.07 2.8 -£9%5x.330 .520 .772 1.031 1.331 1.660 1.96? 2.2 1.5 1.6 1.9 2.1 2.1 25
9 814 1948 33 6 x 3.59 x  -285x.360 .561 .781 1.073 1.456 1.748
10 814 1955 33 7 x  3.48 x  -25%x.457 .677 .895 1.193 1.533
11 814 1941 34 2 x 4.2 x  :328x.440 .714 1.034 1.296 1.637 1.93+
12 814 1953 34 3 x 3.65 x :297x.469 .650 .883 1.165 1.465
13 814 1941 34 4 x 4.6l x  -589x.463 .613 .788 1.070 1.376 1.717 2.035 2.403
Max.  .760 .513 .748 1.034 1.320 1.740 2.060 2.420 2.7 2.8 3.4 3.3 3.4 3.2 3.5
Min.  .290 .250 .377 .543 .8351.064 1.364 1.711 0.8 1.3 1.4 1.7 1.7 1.8 2.2
Aver, { 471 .354 .526 .765 1.043 1.360 1.692 2.083 1.9 2.2 2.2 2.3 2.5 2.5 2.6
o U7 68 T 70 68 59 33 22 215 16 16 12 9 1
. Thickness of spirotheca Tunnel angle Septal count
Specimen
o 1 2 3 5 6 1 1 2 3 4 5 6 1 1 3 4 5 6
1* .028 040 .040 .090 .104 .142 .077? 58 31 33 29 27
2% .032 .040 .058 .075 .101 .102 .106 31 27 20 24 27 18
3 — .029 .044 .050 .076 .076 .104 — 32 21 21 19 23
4 .028 .032 .040 .058 .067 .097 .103 33 23 22 18 25 23 18
5 .031 .031 .059 .066 .086 .116 .120 23 25 26 23 24
6 .025 045 .042 .046 .065 .090 .091 .104 2 28 347 19 25 29
7 020 .048 .059 .062 .102 .082 32 2 29 20 24 —
8 .023 .042 .047 .048 .066 .080 .085 — — 3¢ 28 19 21
9 .022 027 .033 .046 .071 .090 .090 12 22 34 33 32
10 .022 .044 .049 .066 .076 .100 87 21 29 31 34
11 031 .043 .044 .064 .075 .126 97 237 26 27 34 3T
12 .026 .047 .050 .066 .073 .075? 10 21 29 28 33?
13 .022 035 .036 .059 .067 .085 .124 .107 8 227 257 24 27 33 33+
Max .037 .057 .070 .100 .147 .129 .177 .174 39 37 34 417 39 32 26 12 257 30 31 38 277
Min .018 .020 .027 .037 .054 .067 .080 .080 23 23 21 18 19 16 22 6 157 227 24 27 30?
Aver .025 .035 .045 .057 .072 .092 .114 .112 32 29 27 2 26 23 23 9 21 2 30 32 34
388 50 55 b4 b4 44 20 9 18 23 25 28 22 1l 6 13 14 14 138 8 3

* The statistics of the specimens 1 and 2 is excluded from the averages.
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This species somewhat resembles P. kaerimizensis (0zaAwA), but is distinguished
from the latter by its larger proloculus, more rapid expansion and thicker spiro-
theca for the corresponding volution. It also resembles Pseudofusulina japonica
(GOMBEL), but, as OzawaA (1925) already stated, differs from the latter in having
more slender shell, thicker spirotheca, and much heavier axial fillings. MORIKAWA
regarded them as being conspecific with each other without giving any reason, but
these two species are rather easily distinguished by the facts mentioned above.

Parafusulina edoensis also bears some resemblance to P. splendens DUNBAR
and SKINNER from the Glass Mountain, Texas, from which it differs in slightly
less numerous volutions, larger proloculus, thicker spirotheca and septa and less
crowded septal loops in the axial areas. Moreover, the secondary deposits seem-
ingly differ in their occurrence in two forms; namely, in most specimens of P.
edoensis they occur along the axial zone from the second volution outwardly and
do not exist in the equatorial portion of the shell, while in P. splendens they
almost completely fill the chambers of the inner few volutions but not present in
the outer ones.

In the OzawA’s collection kept in the University of Tokyo, there are five sec-
tions (II-46 to II-50) which are labeled “Schellwienia edoensis’, of which II-50
(fig. 2 of Plate VI in the original illustration, illustrated as fig. 5 of Pl. 34 in this
paper) is most typical, and, is, therefore, designated here as the lectotype of
Parafusulina edoensis (OZAWA).

Occurrence.—According to OzawA his specimens were collected from Kaerimizu,
Yobara and Ofuku plateau (in the lenticular limestone in shale), and he labeled
the locality as follows: II-46, Kaerimizu (in the ponor); II-47, limestone in shale,
northen margin of the Ofuku-dai; II-48, Ofuku-dai; II-49, Serita, Kyowa-mura; and
1I-50, Ofuku-dai. Unfortunately to me their exact localities are not known. My
specimens of P. edoensis have been obtained from Nos. 1, 4, 7, 8, 8A, and 11 lime-
stones of Section I (Loc. 285A, 286, 288A, 289, 814, 290, and 292, respectively), No.
7 limestone of Section XII (Loc. 610), No. 2 limestone of Section XV (Loec. 184),
Nos. 4 and 7 limestones of Section XVI (Loc. 190 and 744, respectively), No. 1 lime-
stone of Section XVII (Loc. 817), and Loc. 195, 379, and 569. The stratigraphical
range of this species is of the Pma and Pmg subzones.

Parafusulina gigantea (DEPRAT) (?)
Pl. 36, figs. 2-11

1918. Fusulina gigantea DEPRAT. Mém. Serv. Géol. I'Indochine, Vol. II, fase. 1, pp. 29, 30,
Pl 1, figs. 1-6.

1925.  Schellwienia gigantea OZAWA. Jour. Coll. Sei. Imp. Univ. Tokyo, Vol. XLV, Art. 6, pp.
32, 383, PL. IV, fig. 9.

1935. Pseudofusulina giganten GUBLER. Mém. Soc. Géol. France, No. 26, pp. 91, 92, PL II,
figs. 4, 5, 8, 9; PI. III, fig. 4.
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The shell of Parafusulina gigantea (DEPRAT)(?) is large and thickly fusiform,
with nearly straight axis of coiling, convex lateral slopes, and bluntly pointed
poles. Mature shell of five to six volutions exceeds 7.6 mm in length and 8.2 mm
in width, giving form ratios of 2.0 to 2.8. The shell is subellipsoidal to short fusi-
form in the first volution, and retains nearly the same axial profile from the second
volution to maturity. Average ratios of the half length to the radius vector of
the first to fifth volution in ten specimens are 1.5, 1.7, 1.8, 2.0, and 2.1, respec-
tively.

The proloculus is exceedingly large and spherical, ellipsoidal, or somewhat
irregular in shape. The outside diameter varies from 410 to 754 microns, averaging
561 microns in twenty specimens. The shell expands rapidly and almost uniformly
throughout all but the ultimate volution which is more slightly tightly coiled
than the penultimate one. Average radius vectors of the first to sixth volution
of twenty-four specimens are 461, 706, 1,045, 1,462, 1,912, and 2,240 microns, respec-
tively. The chambers are lowest immediately above the tunnel, only slightly
increasing in height polewards.

The spirotheca is thick and coarsely alveolar. It increases in thickness very
rapidly as the shell grows. In some specimens the spirotheca of the second or
third volution exceeds 120 microns in thickness. Average thickness of the spiro-
theca in the first to fifth volution of twenty-one specimens is 52, 72, 102, 128, and
181 microns, respectively. Alveoli of the keriotheca is not observable in the first
few chambers, but soon become very distinct. About 6 alveoli are recognized in
a space of 100 microns of the spirotheca of the outer volutions. The spirotheca is
thickest in the central portion of most volutions, but the thickness seemingly
changes somewhat irregularly towards the poles. The proloculus wall is apparently
structureless and moderately thick, averaging 25 microns for fifteen specimens.

The septa are numerous except for the first volution of some specimens where
they are exceptionally widely spaced. Average septal counts of the first to fifth
volution of seven specimens are 9, 23, 31, 39, and 38, respectively. They are
formed of the downward extention of the tectum and the pycnotheca, but in the
posterior side of the septa of some specimens the alveolar structure is still obser-
vable. The septa are highly and narrowly fluted throughout their length. The
closed chamberlets reach to the tops of the chambers even in the median portion
of the shell.

The tunnel is difficult to be determined due to highly fluted septa. Approxi-
mate tunnel angles average 27, 27, 32, and 28 degrees, respectively, in the first to
fourth volution of seven specimens. The chomata do not occur even in the earliest
stage of the shell. The secondary deposits occur only in a part of the inner
volutions.
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Table 75. Table of Measurements (in Millimeters) of Parafusulina gigantea (DEPRAT)(?)

Radius vector

Specimen Loc. Rg.No. Pl. fig. L. W. R. Prol
1 2 38 4 b5 6
1 287 2177 36 2 7.6+ 8.80 2.0 -835x 520 .739 1.072 1.511 1.920
2 452 1877 36 3  6.48. 2.3+ 2.8 -g9x.401 .611 .870 1.100
3 100 2128 36 4 6.6+ 2.92 2.3 8%x .528 .837 1.147 1.480
4 100 2122 3 5 590 2.73 2.2 .615 .520 .778 1.148 1.527
5 194 1830 36 7 x 8.8+ x  80%x 441 .632 .952 1.331 1.850
6 100 2127 36 8 x 3.8 x -3l%x .482 .745 1.153 1.660 1.960
7 100 2124 36 10 x 4.65 x .638 .548 .915 1.151 1.810 2.250
8 100 2127 386 11 X 289 x  Ex .445 .703 1.070 1.482
Max. .754 .548 .915 1.153 1.810 2.250 2.400
Min .410 .315 .513 .795 1.100 1.610 2.100
Aver {.561 .461 706 1.045 1.462 1.912 2.240
’ 20 24 24 24 21 13 3
Ratio of HI./Rv. Thickness of spirotheca
Specimen
1 2 38 4 5 6 0 1 2 3 4 5 6
1 — 15 1.7 18 2.0 .032 .047 .061 .103 .134
2 — 16 20 22 — .036 .048 .075
3 1.9 1.9 21 22 024 061 .127 .127
4 1.1 15 1.8 2.0 .025 .061 .085 .108 .115
5 .021 .045 .056 .085 .094 .141
6 — .056 .075 .103 .141
7 .019 .054 .074 .120 .169 .132
8 .028 .052 .052 .136 .164
Max 1.9 21 21 22 22 .033 .070 .127 .136 .169 .153
Min. 1.1 1.2 1.3 1.8 20 .019 .028 .048 .070 .094 .117
Aver. {1.5 1.7 1.8 2.0 2.1 1.9 .025 .052 .072 .102 .128 .131 .141
5 9 10 6 4 1 15 19 19 21 138 7 1
Tunnel angle Septal count
Specimen ‘
1 2 3 4 1 2 3 4 5
1 2 21 28 29
2 22 24 —
3 28 317 —
4 — 32 3
5 6 23 32 36
6 11 25 3 45
7 9 28 31 - @ —
8 8 19 29 33
Max 33 37 46 36 11 28 3 45
Min. 22 21 1T 20 8 19 28 33
27 21 32 28 9 23 31 39 38
Aver. { ' T 1 6 4 1
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Remarks.—Although Parafusuline gigantea (DEPRAT) is rather easily distingnish-
able from other species of the genus Parafusulina by its large and thickly fusi-
form shell, extremely large proloculus, the rapid rate of expansion and the thick
spirotheca, the present Akiyoshi specimens, on which the above dscription is based,
are insufficient in number, and enough information for the specific comparison is
not available from them.

Since DEPRAT (1913) first described P. gigantea from Indochina, Ozawa (1925)
and GUBLER (1935) identified the same species from Akiyoshi and Laos and Cochin-
china, respectively. However, the 0zawA’s materials are very insufficient (section
number II-57 to II-59 in his collection) in which no exactly oriented axial section
is available ; while the GUBLER’s specimens contain forms seemingly somewhat
different from the DEPRAT’s type specimen*; namely, the GUBLER’s specimens illus-
trated as figs. 5 and 9 of his Pl. II have less complicated fluting of the septa and
rather heavy axial fillings.

The present Akiyoshi specimens, though no axial section of the mature indi-
vidual is contained, are almost identical with the GUBLER’s figs. 5 and 9, and are
referred to this species with question. Further study on more sufficient materials
of this form will be necessary before the definite specific assignment and the limit
of specific variation are determined.

Occurrence.—Although Parafusulina gigantea (DEPRAT) was originally reported
from the * Upper ”” Permian of Laos with Schwagerina crassa (DEPRAT), Yabeina
globosa (YABE), Pseudodoliolina pseudolepida (DEPRAT) and Sumatrina annae VOLZ,
its stratigraphical range seemingly is more wide, extending downward at least
into the Pma subzone, and it is possible that it ranges more downward into the
Plr and even into the upper part of the PIB subzone.

In the Akiyoshi limestone group it has been found in the No. 5 limestone of
Section I (Loc. 287), No. 3 limestone of Section XIV (Loc. 100), No. 6 limestone of
Section XXVI (Loc. 755), and Loc. 194. Few doubtful specimens have also been
obtained in the No. 6 limestone of Section VI (Loc. 452).

Parafusulina sp. A
Pl 36, fig. 12

The shell of Parafusulina sp. A is relatively large and short cylindrical fusi-
form with nearly straight axis of coiling, straight to depressed median portion,
and broadly rounded poles. The figured axial section is 10.5 mm in length and 4.2
mm in width, giving a form ratio of 2.5. The shell is ellipsoidal in the first volu-
tion and the axis becomes extended gradually and nearly uniformly from there to

* DEPRAT’s fig. 2 of Pl. I is here designated the lectotype of Parafusulina gigantes (DEPRAT).
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maturity. Average ratios of the half length to the radius vector of the first to
seventh volution of four specimens are 1.4, 2.1, 2.0, 2.2, 2.3, 2.4, and 2.5, respec-
tively.

The proloculus is relatively large and spherical. Because no exactly centered
section is available in my collection the exact outside diameter has not been mea-
sured. So far as observed five specimens average at least 300 microns in outside
diameter. The shell expands relatively rapidly and uniformly throughout the
growth. Average radius vectors of the first to sixth volution for seven specimens
are 310, 537, 784, 1,087, 1,444, and 1,720 microns, respectively. The chambers are
lowest immediately above the tunnel and increase in height rapidly in the polar
third of the outer volutions, resulting in that the shell assumes its characteristic
axial profile in maturity.

The spirotheca is relatively thick and moderately coarsely alveolar. It in-
creases in thickness rapidly as the shell grows and seems to decrease slightly in
the ultimate volution. Average thickness of the spirotheca of the first to sixth
volution of seven specimens is 40, 46, 65, 91, 100, and 118 microns, respectively.
The sixth and seventh volutions of the illustrated axial section is 182 and 117 miec-
rons, respectively, in the spirothecal thickness. The alveoli of the keriotheca are
seen almost throughout the growth. At least 6 of them are measured in a space
of 100 microns of the spirotheca in the outer volutions.

The septa are highly fluted throughout the length of the shell. The closed
chamberlets formed by the strong fluting are completely, or at least nearly com-
pletely, reaching to the tops of the chambers even in the central portion of the
shell. The cuniculi are clearly observable. The septal count of this form is not
exactly known due to the insufficiency of the material.

The tunnel is relatively narrow and its path is somewhat irregular. The tunnel
angles of the second to sixth volution in four specimens are 44, 23-33?, 23-36, 25-
32, and 24-33 degrees respectively. The chomata do not occur. The heavy secon-
dary deposits almost completely fill the chambers of all the volutions along the

axial zones.

Remarks.—Although the sufficient information for the specific comparison is not
available from my materials, Parafusulina sp. A somewhat resembles the slender
form (typical form for the species) of Pseudofusulina kraffti (SCHELLWIEN & DyYH-
RENFURTH), but it differs from the latter in having larger size of the shell, more
rapid rate of expansion, thicker septa and heavier axial fillings. No other species
is comparable with the present one, though it needs more sufficient materials to
determine the true nature of this species.

Occurrence.—Parafusulina sp. A has been obtained from the No. 11 limestone of
Section I (Loc. 292), No. 8 limestone of Section XXVI (Loc. 758) and Loc. 194. Its
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stratigraphical range is of the Ply to Pmp@ subzones.

Table 76. Table of Measurements (in Millimeters) of Parafusulina sp. A
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Radius vector

Specimen Loc. Rg.No. Pl. fig. L. W. R. Prol
1 2 3 4 b 6 7
1 194 1828 36 12 10.5? 4.2? 2.5 .320+ .301 .482 .703 1.001 1.333 1.700 2.20?
2 194 1829 8.95 3.22 2.7 — .369 .658 1.067 1.439 1.777
3 292 1852 8.04 2.36+8.4- — .368 .669 .920 1.29?
4 758 1250 8.0+ 3.27 2.5 .260+ .212 .361 .550 .762 1.023 1.270
5 758 1250 x 3.23 x .280+.238 .420 .630 .920 1.281 1.667
6 292 1852 X 2,47 x .320+.300 .431 .620 .892
7 194 1829 x 418 x .340+ .378 .736 1.000 1.402 1.806 2.147
Ratio of HI./Rv. Thickness of spirotheca
Specimen
1 2 3 4 5 6 7 0 1 2 3 4 53 6 7
1 1.4 1.7 1.4 1.6 1.8 2.1 2.5 .033 .042 .066 .080 .094 .141 .132 .117
2 — 2.3 2.3 2.4 25 — — — .089 .164 .07T1
3 — 2.3 2.3 2.3 — — .032 .053 .054
4 — — — 2.6 2.6 2.7 — .043 .045 .051 .075 .086 .103
5 .030 .031 .036 .049 -063 .084
6 — .024 .037 .038 .054
7 — .061 .061 .094 .132 .117
Tunnel angle Septal count
Specimen
1 2 3 4 5 6 1 2 3 4
1 — 4 33? 247 25
2 — — 28 36 32 33?7
3 — — 23 -
4 — — — 23 30 24
5 — 157 19?  30?
6 — — — -
7 — — — —
Subfamily VERBEEKININAE STAFF and WEDEKIND, 1910
Genus Verbeekina STAFF, 1909
Verbeekina verbeeki (GEINITZ)
Pls. 37, 38
1876. Fusulina verbeeki GEINITZ. Palaeontographica, Vol. XXII, pp. 399, 400.
1925. Verbeekina verbeeki OzawA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 6, pp. 48-
51, Pl. X, figs. 6, 7.
1986. Verbeekina verbeeki THOMPSON. Jour. Paleont., Vol. 10, No. 3, pp. 197-200, Pl. 24, figs.
1-8.
1956. Verbeckina verbeeki CHEN. Palaeontologia Sinica, New Ser. B, No. 6, pp. 47, 48, Pl IX,

figs. 5, 6; Pl. XIII, figs. 1, 2.
THOMPSON (1936) studied the materials from the Padany Highland, Boekit
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Besi, Sumatra and redescribed Verbeekina verbeeki (GEINITZ) in very much detail.
The specimens obtained from the Akiyoshi limestone group agree so closely with
those described and illustrated by THoMPSON that further description and discus-
sion seem unnecessary here except for giving the statistical data of the Akiyoshi
specimens.

Table 77. Table of Measurements (in Millimeters) of Verbeekina verbeek: (GEINITZ)

Specimen  Loe. Rg. No. Pl fig. L. Ww. R. Prol.
1 285 2001 37 2 4.55 4.12 1.1 .053
2 286 A 2004 37 4 6.95 7.57 0.9 .040?
3 T65A. 2957 37 1 7.72 7.88 1.0 —
4 6A*-1 37 3 5.36 5.5+ 1.0 .033
5} Hasnmoro's {6A*—3 38 1 6.00 5.84 1.0 .042
6 6A*-2 38 2 5.57 5.57 1.0 —
7 T65A 2258 38 3 x 7.47 x —
8 6A*-8 x 5.25 x .040?
9} Hasnmorors | SA*6 38 5 x 6.70 x .047
10 collection 6A*-5 38 4 x 5.81 x .048
11 6A*-T7 X 5.31 X —
Max .054
Min. .033
.043
Aver {~—7-
Speci- Radius vector
men .y 2 8 4 5 6 7T 8 9 10 1 12 138 14 15 16
1 .057 .096 .136 .184 .264 .418 .628 .901 1.177 1.453 1.726 2.075
2 .051 .092 .141 .188 .310 .471 .720 .990 1.292 1.581 1.880 2.210 2.511 2.840 3.210
3 —  —  .141 .221 .415 .702 1.104 1.564 1.983 2.867 2.748 3.070 3.420 3.730 3.990
4 .050 .087 .140 .223 .344 .564 .733 1.015 1.226 1.462 1.745 1.995 2.278 2.587
5 056 .096 .141 .214 .380 .555 .717 .901 1.104 1.333 1.588 1.840 2.130 2.34+ 2.73+ 2.98+
6 .077 .116 .184 .264 .380 .577 .820 1.070 1.337 1.588 1.833 2.090 2.342 2.556
7 — — .138 .202 .307 .46+ .781 1.076 1.352 1.659 1.934 2.226 2.513 2.793 3.070 3.380
8 .047 .090 .142 .204 .313 .503 .716 .981 1.296 1.603 1.925 2.250 2.610 2.880
9 .052 .094 .143 230 .42+ .61+ .915 1.263 1.606 1.920 2.300 2.655 2.985 3.282
10 .062 .092 .161 .267 .435 .680 .911 1.196 1.486 1.740 2.042 2.385 2.64+
11 — .090 .132 .218 .380 .528 .830 1.162 1.462 1.790 2.106 2.406 2.676
Max.  .077 .116 .184 .298 .475 .702 1.104 1.564 1.983 2.367 2.748 3.070 3.420 3.730 3.990
Min.  .040 .087 .132 .184 .240 .380 .628 .901 1.104 1.333 1.588 1.840 2.130 2.84+ 2.73+
Aver. {.056 .096 .150 .222 .369 .568 .834 1.143 1.439 1.738 2.038 2.340 2.591 2.902 3.276
9 11 13 15 16 16 16 15 15 16 14 10 5

15" 12

* 6A in the HASHIMOTO’S collection is the same locality as Loc. 286A.
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Speci- Thickness of spirotheca
meno oy 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 —  —  — —  .008 .012 .023 .023 .025 .037 .04 .045 o
2 — —  .009 .012 .022 .022 .028 .033 .032 .047 .047 .037 .034 .051 .049 .04l
3 — — — .01l .012 .015 .016 .016 .016 .034 .055 .060 .057 .062 .062 .059
4 .008 .008 .008 .010 .012 .016 .026 .023 .032 .040 .036 .043 .043 .043 .039
5 .007 .007 .009 .010 .014 .017 .017 .023 .027 .030 .034 .051 .045 .044 .046 .045
6 — — . .008 .0I2 .011 .016 .021 .023 .028 .030 .040 .045 .044 .037
7 —  — — .015 .016 .016 .017 .023 .g23 .032 .040 .043 .056 .056 .033 .045 .060
8 — — .009 .011 .010 .011 .014 .016 .017 .026 .035 .046 .055 .045 .056
9  .008 .008 .009 .010 .01l .012 .015 .022 .031 .041 .047 .072 .059 .061 .043
10 007 .008 .009 .01 .022 .017 .018 .025 .037 .044 .040 .063 .048 .043 .059
11 — — .009 .010 .01l .011 .014 .015 .021 -027 .049 .055 .046 .042
Max. .008 .008 .009 .015 .022 .022 .028 .033 .037 .059 .074 .072 .064 .062 .062 .059
Min.  .007 .007 .007 .008 .008 .011 .014 .015 .016 .026 .030 .037 .034 .042 .033 .041
A .008 .008 .009 .010 .014 .015 .018 .022 .027 .038 .046 .052 .049 .050 .048 .048 .060
Ver-\z 4 8 11 18 15 15 15 15 15 15 14 18 11 10 4 1
Speci- Ratio of HI./Rv
men 1 2 8 4 5 6 7 8 9 10 11 12 18 14 15
1 0.6 05 05 0.6 0.7 07 07 0.8 0.8 0.8 0.9 0.9
2 0.6 0.7 0.7 0.9 1.1 1.2 1.1 — 10 1.0 1.0 1.0 1.0 1.0 1.0
3 — — 15 1.7 1.5 14 1.3 1.2 1.1 1.1 1.1 1.1 1.0 1.0
4 0.7 0.9 0.8 0.6 1.0 0.9 1.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0
5 0.6 0.6 0.8 0.8 0.8 0.8 0.8 0.9 09 0.9 0.9 09 0.9 0.9 0.9
6 — 0.7 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Max. 0.7 09 1.5 1.7 15 1.4 1.3 1.2 1.1 1.1 1.1 1.1 1.0 1.0 1.0
Min. 0.6 0.5 0.5 0.6 0.7 07 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9
A 0.6 0.7 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9
ver. { 4 6 7 8 8 8 8 17 8 8 8 8 6 6 2
Speci- Septal count
men 1 2 3 4 5 6 7 8 ¢ 10 11 12 13 14 15
7 — — — —  —  — 14+ 19+ 28+ 33+ 84+ 88+ 37+ 45+ 48+
8 — — 11 11 11 10 18 138 11 2 2 380+
9 6?2 9? 1 11 8 8 8 11 17 23 24 31
10 7 9 10 9 11 11 13 15 17 2 24
11 — 8 11 11 10 138 11 14 18 17?7 187 247
Max. 7 9 11 11 11 13 14 19 28 83 37 38
Min. 6 8 10 9 8 8 8 11 11 177 187 24?
Aver 7 9 11 11 10 10 12 15 18 24 27 81 37 45 48
. { 2 3 4 4 4 5 6 6 6 6 6 5 1 1 1

Occurrence.—Verbeekina verbeeki (GEINITZ), the leading species of the Verbeekina
verbeeki subzone, is exceedingly abundant in Nos. 2 and 8 limestones of Section I
(Loc. 285 and 286A, respectively) at Kaerimizu. It is associated with no species of
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fusilinid in the former, and only with Schwagerina sp. in the latter. It is also
known from the limestone of Loec. 769A and in huge limestone boulder of the lime-
stone conglomerate (No. 1 limestone) of Section XV (Loc. 765).

The stratigraphical range of this species is the Pmr to Pua subzone in the
Akiyoshi limestone group.

Genus Misellina SCHENCK and THOMPSON, 1940
Misellina claudiae (DEPRAT)
Pl. 38, figs. 1-19

1912. Doliolina claudiae DEPRAT. Mém. Serv. Géol. I’Indochine, Vol. I, fasc. 3, pp. 44, 45, Pl
1V, figs. 5-9.

1925. Verbeekina claudiae OZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 6, pp.
52, 53, Pl. XI, figs. 9-11.

1925. Verbeekina cloudice OzawA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 4, Pl
11, .1, 2,

1934. Dolg%isvm claudiae CHEN. Palaeontologia Sinica, Ser. B, Vol. 1V, fase. 2, pp. 99, 100, Pl
XVI, figs. 13-20.

1936. Doliolina claudide HuziMoTo. Sci. Repts. Tokyo Bunrika Daigaku, Sec. C, Vol. 1, No. 2,
pp. 104, 105, Pl. XXI, figs. 4-9.

The shell of Misellina claudiae (DEPRAT) is small and short ellipsoidal, with
straight axis of coiling, exclusively convex lateral slopes, and broadly rounded to
somewhat umbilicated poles. Mature shells of seven to eight, very rarely nine,
volutions are 2.15 to 2.68 mm long and 1.57 to 2.20 mm wide. The form ratio varies
from 1.1 to 1.8. The first one to two volutions are nearly spherical with rounded
poles to more or less umbilicate with an axis of coiling at considerably high angles
to that of the outer volutions. Beyond the second or third volution the axis
becomes extended gradually outwards. The polar regions of the outer volutions
of some specimens are also somewhat depressed. Average ratios of the half length
to the radius vector of the first to eighth volution in nine specimens are 1.0, 1.1,
1.2, 1.8, 1.3, 1.2, 1.2, 1.1, and 1.1, respectively.

The proloculus is small and spherical to short ellipsoidal, with an outside dia-
meter of 107 to 230 microns, averaging 155 microns in twelve specimens. The
proloculus wall seemingly structureless, consisting of a thin homogeneous dense
layer and attaining an average thickness of 10 microns in eleven specimens. The
shell expands rather slowly in the inner three to four volutions and slightly more
rapidly but almost uniformly in the outer ones. Average radius vectors of the
first to eighth volution for thirteen specimens are 135, 200, 274, 373, 506, 654, 810,
and 952 microns, respectively.

The spirotheca is thin, and consists of an upper thin dense layer of the tectum
and a lower thick layer of the keriotheca, in the latter of which 13 to 15 alveoli
are observed in a distance of 100 microns of the outer volutions, The true thick-
ness of the spirotheca is sometimes difficult to be measured, because it apparently
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seems very thick if the section is cut near the septum. Average thickness of the
spirotheca of the first to eighth volution in thirteen specimens is 11, 18, 15, 19,
24, 26, 29, and 33 microns, respectively.

The septa are composed of the downward deflection of the tectum, on both
sides of which the keriotheca also extends more than half as long as the length
of the septa. The septa are wedge-shaped in cross section, thinning rapidly from
the base downward to the tip. They are completely unfluted throughout the
growth, and most of their tips anteriorly bend rather sharply. In the outer volu-
tions the tips of some, if not all, of septa are solidified. Average septal counts of
the first to seventh volution of four specimens are 6, 12, 138, 15, 18, 20, and 23,
respectively.

The parachomata are well developed in all but the first half to one volution
where they do not occur or are very primitive in developmenf if present. They
are low and broad, being semi-circular to isosceles-triangular with obtuse apex in
cross section. The height of the parachomata is about one-third to half as that
of the chambers.

The elliptical foramen occurs at the base of the septa throughout the shell.
Their number seemingly varies in individuals, and 20 and 23 foramina are observed
in the fifth and eighth volution of one specimen.

Remarks.—After the DEPRAT’s first report (1912) of this species from Tou-Tchéou-
Chann of Yunnan, Ozawa (1925), CHEN (1985), and Huzimoro (1936) respectively
reported the same species from the Akiyoshi limestone, the Swine limestone and
other localities in South China, and the Kwanto massif. Of which CHEN’s speci-
mens seemingly are almost identical with the Yunnan form in every respect. The
Kwanto specimens illustrated by HuziMoTo are not sufficient for the detailed
specific comparison, but they may be conspecific with the DEPRAT’s type* although
their spirotheca seemingly is considerably thicker than that of the latter.

The Akiyoshi specimens, including the 0zawaA’s collection**, have larger prolo-
culus, more rapid rate of expansion and slightly less massive parachomata than those
of the DEPRAT’s type specimen although individual variation within the formers is
rather large.

Thus, Misellina claudiae (DEPRAT) is considerably wide in the specific variation
at least in the prolocular size, the rate of expansion and the development of the
parachomata. ’

Occurrence.—Misellina claudiae (DEPRAT) is found only in the No. 12A limestone
of Section I (Loc. 819) whence Ozawa might have collected his specimens. 0zawa (1925)

* Pl. 1V, fig. 5 in the DEPRAT’s illustration (1912) is here designated the lectotype specimen
of Misellina claudiae.

** In the OZAWA’s collection Section II-46, 11-47, and 11-48 are labeled as Doliolina claudiae,
but the specimen illustrated as Pl. XI, fig. 9 cannot be found in any of them.



Table 78. Table of Measurements (in Millimeters) of Misellina claudiae (DEPRAT)

Radius vector

Specimen Loc. Rg.No. Pl fig. L. w. R. Prol.
_ 2 3 4 5 6 7 8 9 10
1* 819 2053 39 2 2.47 1.8 1.3 .069 050 .074 .116 .166 .234 .320 .445 .574 .720 .864
2 819 2064 39 1 2.3 1.% 1.3 166 126 .181 .261 .344 .433 .555 .T14 .873
3 819 2064 39 3 2.47 220 1.1 :iggx 135,196  .267 .371 .510 .683 - .864 1.060
4 819 2062 39 4 2.31 193 1.2 — — — .236 .320 .440 .604 .763 .969
5 819 2043 39 5 2.15 1.7+ 1.3 .143  .141 (199 .291 .386 .522 .686 .870
6 819 2041 - 39 6 2.687 2,20 1.2 150 119 175,248 .319 .442 583 .733 .889 1.076
7 819 2055 39 7 2.31+ 1.82 1.3 .188 .150 .221 .313 .415 .586 .745 .935
8 819 2047 39 12 X 1.97 X .121 .113  .181 .254 .359 .485 .644 .803 .960
9 819 2063 39 13 X 1.82  x 128x .138 .211 .207 401 .540 .705 .901
10 819 2052 39 14 X 1.75 X :}2gx .147 215 .300 .392 .528 .665 .84+
11 819 2044 39 16 x 1.85 X .107  .098  .159 .233 .329 .451 .601 .781 .960
Max. .230 .187 .264 .368 .475 .613 .78 .901 1.060
Min. .107  .098 .159 .233 .319 .433 .555 .714 .873
Aver 155  .135 .200 .274 .373 .506 .654 .810 .952
: 12 12 12 13 13 13 13 12 6
. Thickness of spirotheca Ratio of HI./Rv.
Specimen -
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
1* .006 .006 .009 .009 .009 .013 .016 .021 .019 .021 .027 11 1.2 10 11 1.2 1.2 14 18 1.3 1.4
2 .010 .011 .011 .012 .017 .025 .031 .025 .033 1.0 1.2 13 14 15 1.5 14 1.2
3 .011 .011?7 .014 .013 .018 .027 .027 .031 .039? 0.7 1.0 1.3 1.3 1.3 1.3 1.2 1.1
4 — — .010 .015 .017 — .021 .029 .029 — — 13 14 14 13 15 1.2
5 .009 .009 .013? .016 .018 .027 .025 .027 0.7 0.8 1.0 1.0 1.1 1.1 1.1
6 .012 .011 .011 .015 .017 .021 .022 .031 .046 .029 1.1 1.2 1.2 14 1.3 12 1.2 1.2 1.1
7 .010 .012 .018 .017 .025 .033 .031 .033 1.0 1.1 1.2 1.3 1.2 1.2 1.1
8 .009 .011 .012 .014 .021 .021 .0297 — .027
9 .011 011 .012 .014 .019 .022 .025 .027
10 .010 .012 .015 .015 .021 .025 .033 .028
11 .010? .010 .011 .013 .013 .018 .022 .029 .025
Max. .012 .012 .016 .021 .025 .033 .033 .033 .046 1.2 1.2 14 14 15 15 15 1.2
Min. .009 .009 .010 .012 .013 .018 .020 .025 .025 0.7 0.8 10 1.0 1.1 11 1.1 1.1
Aver {.010 .011 .013 .015 .019 .024 .026 .029 .033 10 11 1.2 1.3 1.3 1.2 1.2 1.1 1.1
) 1 11 12 12 13 1 13 10 6 8 8 9 9 9 9 8 4 "1

* Microspheric form(?). The statistics of this specimen is excluded from the averages.
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. Septal count
Specimen — — —
1 2 3 4 5 6 7 8
8 5 10 11+ 11+ 15+ 19 20?7 247
9 67? 12 14 15 18 19 27
10 7 13 15 16 20 21 23
11 — 11 12 16 20?7
Aver 6 12 13 15 8 2 28 24
: { 3 4 4 4 4 3 3 1

emphasized the faunal association of this species with Nagatoella orientis (OZAWA),
and, indeed, the present specimens occur together with N. kobayashi? THOMPSON
in No. 12A limestone of Section I (Loc. 819) although the latter is very rare in
number. The stratigraphical age of M. claudiae is seemingly narrow, being re-
stricted to the Ply subzone at least in the Section I.

Genus Pseudodoliolina YABE and HANZAWA, 1932
Pseudodoliolina pseudolepida (DEPRAT)
Pl. 89, figs. 20-25

1912. Doliolina pseudolepida DEPRAT. Mém. Serv. Géol. I’Indochine, Vol. I, fase. 3, p. 46, Pl
V, figs. 6-9, PL. VI, fig. 4.

1913. Doliolina lepida mut. pseudolepida DEPRAT. Mém. Serv. Géol. I’Indochine, Vol. II, fasc.
1, p. 50.

1927. (?) Doliolina lepida OZAWA. Jour. Fac. Sei. Imp. Univ. Tokyo, See. II, Vol. II, Pt. 3, pp.
152, 153, P1. XLV, fig. 1.

1937. Pseudodoliolina pseudolepida THOMPSON and FoSTER. Jour. Paleont., Vol. 11, pp, 141, 142,
Pl. 25, figs. 2-4.

As indicated in the synonymy above, this form was referred by the earlier
workers to Doliolina SCHELLWIEN, and later by THoMPSON and FoSTER (1937) to
Pseudodoliolina YABE and HANzAwA. THOMPSON and FoSTER discussed the sys-
tematic status of the said genus in some detail and gave detailed description of
this form based on the specimens from Mt. Omei region of China, although they
did not give the statistical data for the spirothecal thickness.

The Akiyoshi specimens at my disposal agree so closely with the DEPRAT’s type
specimen (fig. 6 of Pl. V is here designated the lectotype), and also with those
described and illustrated by THoMPSON and FoSTER (1937) that there is no need to
add further discussion except for giving the statistical data of the Akiyoshi speci-
mens.

Occurrence.—Pseudodoliolina pseudolepida (DEPRAT) is common in the Pmg subzone
and its stratigraphical range is seemingly limited to that subzone so far as known
in the Akiyoshi limestone group. It has been obtained in the No. 5 limestone of
Section I (Loec. 287), No. 8 limestone of Section X (Loc. 567) and Loc. 498,



212

R. TORIYAMA

Table 79. Table of Measurements (in Millimeters) of Pseudodoliolina pseudolepida (DEPRAT)

Specimen Loe. Rg.No. PL fig. L. w. R.
1 567 2017 39 20 5.47 2.60 2.1
2 567 2017 39 21 5.20 2.60 2.0
3 287 2175 39 22 3.65? 2.15 1.7
4 HasHIMOTO'S  §B*-1 39 23 5.36 2.84 1.9
5 498 2039 39 24 x 3.59 x
6 498 2014 39 25 x 3.24 x
Speci- P Radius vector
men rol.
2 3 4 b5 6 7 8 9 10 11 12 13 14
1 .290 .184 .236 .285 .344 .404 .482 .571 .660 .772 .905 1.052 1.196 1.345
2 236 — .221 .273 .341 .400 .482 .592 .696 .837 1.003 1.135 —
3 — — .190 .250 .331 .459 .567 .680 .790 .970
4 297x .191 .261 .810 .377 .457 .543 .617 .720 .822 .920 1.052 1.196 1.385
5 .332 .230 .201 .353 .421 .491 .598 .720 .846 .981 1.153 1.312 1.470 1.634 1.793
6 .18+ 132 .200 .291 .380 .472 .583 .696 .828 .980 1.135 1.296 1.456
Max. .332 .230 .291 .353 .421 .491 .598 .720 .846 .981 1.234 1.312 1.470 1.634
Min. .148 .132 .191 .248 .307 .383 .482 .571 .660 .772 .905 1.052 1.196 1.345
Aver {.233 169 .222 .282 .357 .437 .535 .636 .752 .894 1.042 1.169 1.330 1.451
U7 6 10 10 10 10 10 9 9 9 9 8 7 4
Speci- Thickness of spirotheca
men g 1 2 3 4 5 6 7 8 9 10 11 12 18 14
1 — — — .0078 .0077 .010 .010 .010 .013 .015 .015 .016 .024
2 - —  —  — .07 — .008 — .013 .013 .017
3 —  — — .007 .007 .010 .012 .012 .014 .018
4 .008 .011 .009 .010 .010 .011 .011 .012 .013 .017 .017 .020 .020 .021
5 - - - — — —  —  — 014 .016 .020 .024 .029 .030 .036
6 .010? .0065 .0065 .0075 .010 .011 .011 .012 .012 .014 .015 .017 .022 .020 .022
Max. .010 .011 .009 .010 .010 .011 .012 .012 .014 .018 .020 .024 .029 .030 .036
Min.  .008 .0065 .0065 .007 .007 .010 .009 .010 .012 .018 .015 .016 .019 .020 .022
Aver {.009 .009 .008 .008 .009 .010 .011 .011 .013 .017 .017 .019 .023 .023 .024
2 2 2 4 5 5 6 b 7 7 [ 5 5 1 2
Spe(ﬂ_ Ratio of HI. / RV
men 1 2 8 4 5 6 7 8 9 10 11 12 13
1 1.8 1.7 1.9 21 22 22 22 22 22 22 21 20 2.0
2 — 1.5 1.7 1.9 22 22 21 21 20 1.9
3 _ - — — 1.9 19 1.9 1.8
4 1.2 1.3 1.6 1.7 1.7 1.8 1.8 1.9 1.9 20 20 2.0 1.9
Max. 1.3 1.7 1.9 21 22 22 22 22 22 22 21 20 2.0
Min. 1.2 1.3 1.6 1.7 1.7 1.8 1.8 1.9 1.8 1.9 20 2.0 1.9
Aver { 1.3 1.5 1.7 1.9 20 20 20 20 20 20 21 20 1.9
) 2 3 3 3 3 4 i 4 1 3 2 2 2
Speci- Septal count
men T T e T e
i 2 3 4 5 6 1 8 9 10 1 12 13
6 5 12 14 16 20 19 24 21 21 2 271 28 297

* 6B in the HASHIMOTO’S collection ig almost the same locality as Loec. 287.
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Pseudodoliolina ozawai YABE and HANZAWA
Pl. 39, figs. 26-32

1914. Doliolina lepidea DEPRAT. Mém. Serv. Géol. I'Indochine, Vol. III, fase. 1, p. 22, Pl III,
figs. 12-14.

1932. Pseudodoliolina ozawati YABE and HANZAWA. Proc. Imp. Acad. Japan, Vol. VIII, No. 2,

. 40-42.

1935. II)JI.)seudocloliolina. ozawai CHEN. Palaeontologia Sinica, Ser. B, Vol. IV, fasc. 2, pp. 100,
101, PL. XVI, figs. 8, 4. ‘

1936. Pseudodoliolina ozawas HuziMoTO. Sci. Repts. Tokyo Bunrika Daigaku, Sec. C, Vol. 1,
No. 2, pp. 108-110, P1. XXI, figs. 13-18.

1948. Pseudodoliolina ozawai THOMPSON. Univ. Kansas, Palaeont. Contrib., Protozoa, Art. 1,
Pl 17, figs. 11, 12.

1956. Pseudodoliolina ozawai CHEN. Palaeontologia Sinica, New Ser. B, No. 6, pp. 53, 54, Pl
1V, figs. 12-14.

The shell of Pseudodoliolina ozawai YABE and HaANZAWA is small and elongate
ellipsoidal, with broadly rounded poles, broadly convex lateral slopes, and straight
axis of coiling. Mature specimens contain at least ten to twelve volutions. Mature
shell of ten volutions measures approximately 8.3? to 4.2 mm in length and 1.3 to
1.6 mm in width, giving a form ratio of 2.5? to 2.7. The first volution is short
fusiform with somewhat pointed ends and the shell is almost the same in axial
profile from the second volution to maturity. The ratios of the half length to the
radius vector of the first to tenth volution average 1.4, 2.0, 2.3, 2.4, 2.6, 2.6, 2.6,
2.7, 2.6, and 2.5, respectively, in five specimens.

The proloculus is relatively large for the size of the shell, with outside dia-
meters of 168 to 228 microns, averaging 185 microns for seven specimens. The
shell very gradually increases in height of volution in the inner five to six volu-
tions and expands almost uniformly in the outer ones. Average radius vectors of
the first to eleventh volution in nine specimens are 123, 161, 210, 277, 338, 420, 508,
606, 728, 823, and 904 microns, respectively. The chambers are almost the same in
height throughout their length except in the extreme polar regions where they
become slightly higher.

The spirotheca is very thin and does not exceed 20 microns in thickness even
in the thickest part. The thickness of the spirotheca averages 7.8, 6.5, 7.2, 7.3, 9,
10, 10, 11, 12, and 14 microns, respectively, in the first to tenth volution of six
specimens. The spirotheca consists only of a single homogeneous layer in the
inner four to five volutions. In most parts of the outer volutions it seems to be
composed of a thin tectum and an inner lighter layer, in the latter of which fine
alveolar structure is not recognizable even under high magnification of the micro-
scope. However, in some part of the eighth and ninth volutions three layers—a
tectum, a lighter central layer and a thin inner layer—have been observed. Very
faint alveolar structure has been recognized in the central layer.

The septa are thin and composed of the downward deflection of the tectum



Table 80. Table of Measurements (in Millimeters) of Pseudodoliolina ozawai YABE and HANZAWA

g —
Spect-  fec. RgNo. PL fig. L. W. R.  Prol. Radius _vector
' 1 2 38 4 5 6 7T 8 9 10 11 12
1 567 2027 39 2 4.23 1.617 2.6 168 .132 .151 .202 .275 .349 .445 .529 .650 .780 .87+
567 2013 39 27 4.18 155 2.7 177 126 .162 .205 .258 .816 .371 .445 .531 .632 .748
3 567 2012 39 28 3.37 1.07+ 8.1- .195 .129 .166 .211 .276 .332 .437 .53?
4 567 2012 39 29 x 2.02  x 298 144 .190 .242 .307 .368 .445 .535 .660 .742 .883 1.000
5 567 2012 39 30 X 1.59 x 170 123 175 .233 .329 .392 .513 .613 .724 .850
6 567 2012 39 31 x 1.66  x —  .110 .153 .211 .276 .347 .436 .516 .613 .828 .94?
Max. 228 .132 .190 .242 .329 .392 .513 .613 .660 .850 .947 1.000
Min. 168 .0807 .113 .156 .211 .273 .856 .432 .522 .613 .742 .855
Aver {.185 123 .161 .210 .277 .338 .420 .508 .606 .728 .823 .904 .990
- Vw9 9 9 9 9 8 & 7 T 6 38 1
Speci- Thickness of spirotheca Ratio of HI./Rv.
mem- o 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1
1 0075 — — .005 .005 .009 .009 .010 .010 .011 1.2 2.0 2.5 2.7 29 28 28 27 25 2.3
2 — —  .0048 .005 .005 .009 .009 .009 .012 .013 .016 1.0 1.3 1.8 2.0 23 25 25 25 25 25
3 —  — — —  .0075.009 .009 .009 1.6 2.1 25 24 24 23 24
4 .0048 .0073 .0076 .009 .009 .010 .011 .012 .0I12 .012 .012
5 .0104 .0073 .0056 .0085 .0085 .009 .009 .009 .01l .012
6 — — .008 .0085.095 .010 .011 .012 .011 .014
Max. .0104 .008 .009 .0095 .010 .011 .012 .012 .014 .016 1.6 2.6 25 2.7 29 29 28 2.8 2.7 2.7
Min.  .0048 .0048 .005 .005 .009 .009 .009 .010 .011 .012 1.0 1.8 1.8 2.0 23 23 24 25 25 23
Aver {.0076 .0073 .0065 .0072 .0073 .009 .010 .010 .011 .012 .014 1.4 2.0 23 24 26 26 26 2.7 2.6 25 2.7
U3 2 4 5 6 6 6 6 6 65 2 5 b5 4 5 5 4 4 8 3 3 1
Speci- Septal count
men 1 2 3 4 5 6 7 8 9
4 5+ 122 15 16 18 19 197 23?7 31?7
5 79 13 14 17 18 20 21 23
6 —  — 177 20?7 187 22 22 25 29

Max. 7? 183 17?7 20?7 18 22 22 25 31
Min. 5+ 127 14 16 18 19 19 23 297
13 15 18 18 20 21 24 30
2 3 3 3 3 3 3 2
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and the dense materials coated on either side of the tectum, which, in most part
of the shell, seem to be continuous with the parachomata. The septa are rather
widely spaced, with average septal counts of 6, 13, 15, 18, 18, 20, 21, 24 and 30? in
the first to ninth volution of three specimens. The septa are essentially unfluted
throughout the length of the shell.

The parachomata are well developed, being nearly half as high as the chambers
in the inner volutions and a little more than half to about two-thirds in the outer
volutions. The foramina are small and nearly circular in cross section in the inner
volutions and elliptical in the outer ones. There are about 21-26 foramina in
the fourth, 29-81 in the fifth, and 88(?) in the seventh volution.

Remarks.—The above description is based entirely on the Akiyoshi specimens. In
discussing the generic status of the genus Pseudodoliolina YABE and HANzZAWA,
THOMPSON and FoSTER (1937) regarded the DEPRAT’s specimens (figs. 12-14 of Pl
III in his third Mémoir) as being typical of P. ozawai YABE and HANzAwWA and
designated the specimen illustrated by DEPRAT as fig. 12 of Pl. III as the holotype
of that species.

Although any of the earlier workers who described and illustrated this species
did not give the statistical data of the spirothecal thickness of their specimens,
and it is almost impossible to measure the true spirothecal thickness of each
volution from their illustrations, it is perhaps true that all the specimens so far
referred to P. ozawai have very thin spirotheca and that their thickness of the
spirotheca may not exceed 20 microns even at the thickest part in the outer volu-
tions.

The Akiyoshi specimens, though not necessarily sufficient in number, well
agree with the type specimen (DEPRAT’s fig. 12 of Pl. III) and the topotype speci-
mens from Akasaka illustrated by THoMPSON (1948) in all the essential characters
of the shell.

Occurrence.—Pseudodoliolina ozawai YABE and HANZAWA is one of the most char-
acteristic and widely distributed species among the Middle Permian fusulinids of
Japan, and has been reported from more than a dozen of locality of the Western
Japan. In the Akiyoshi limestone group it occurs only in No. 8 limestone of Sec-
tion X (Loc. 567) which is referred to the Pmj subzone.

Subfamily NEOSCHWAGERININAE DUNBAR and CONDRA,
1928, emend. KANMERA, 1957
Genus Neoschwagerina YABE, 1903
Neoschwagerina craticulifera (SCHWAGER)
Pl 40; Pl 41, figs. 1-5

1883. Schwagerina craticulifera SCHWAGER. in RICHTHOFEN’s China, Vol. IV, p. 140, Pl. XVIII,
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figs. 15-25.

1906. Neoschwagerina craticulifera YABE. Jour. Coll. Sei. Imp. Univ. Tokyo, Vol. XXI, Art.
5, p. 8, Pl. I, fig. 3 (non. fig. 4)

1914. Neoschwagerina craticulifera DEPRAT. Mém. Serv. Géol. I’Indochine, Vol. III, fase. 1,
pp. 24-26, Pl. VII, figs. 4-8.

1925. Neoschwagerina craticulifera OZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art.
6, pp. 54, 55, Pl. II, fig. 8c; Pl. XI, fig. 4.

1927. Neoschwagerina craticulifera OZAWA. Jour. Fae. Sci. Imp Univ. Tokyo, Sec. II, Vol. II,
Pt. 3, pp. 154-156, Pl. XL, figs. 1-7, 10, 1la.

1983. Neoschwagerina craticulifera LEE. Mem. Nat. Res. Inst, Geol., Vol. XIV, PL V, fig. 1.

1935. Neoschwagering craticulifera GUBLER. Mém. Soc. Géol. France, No. 26, pp. 103-106.

1936. Neoschwagerina craticulifera HuziMoTO. Sci. Repts. Tokyo Bunrika Daigaku, Sec. C, Vol.
1, No. 2, pp. 112, 113, Pl. XXII, figs. 6-9; Pl. XXIII, figs. 6, 7.

1942, Neoschwagerina craticulifera TORIYAMA. Japan. Jour. Geol. Geogr., Vol. XVIII, No. 4,
PD. 244, 245, Pl. XXIV, fig. 13.

1944. Neoschwagerina craticulifera TORIYAMA. Japan. Jour. Geol. Geogr., Vol. XIX, Nos. 1-4,
pp. 81, 82, Pl. VI, fig. 26.

1947. Neoschwagerina craticulifere TORIYAMA. Japan. Jour. Geol. Geogr., Vol. XX, Nos. 2-4,
pp. 76, 77, Pl. XVII, figs. 4-T.

1956. Neoschwagerina craticulifera CHEN. Palaeontologia Sinica, New Ser. B. No. 6, pp. 56,
57, Pl. XII, figs. 10-12.

Neoschwagerina craticulifera (SCHWAGER) is one of the most well-known
species among the neoschwagerinids and is very common in the Middle Permian
formations of Eastern Asia including Japan. Nevertheless, this species has never
been described in detail by the earlier workers except GUBLER (1935), and it seems
necessary to describe the species in detail under the light of the modern knowl-
edge of this group of foraminifera. The following description is, however, based

entirely on the materials collected from the Akiyoshi limestone group.

The shell of Neoschwagerina craticulifera (SCHWAGER) is rather small and
inflated fusiform, with straight axis of coiling, convex lateral slopes and bluntly
rounded poles. Mature specimens in the present collection have 14 to 16 volutions,
with an axial length of 4.5 to 5.8 mm and a median width of 2.7 to 3.9 mm. The
form ratio varies 1.3 to 1.7. The first volution is coiled perpendicular to or at high
angles to the direction of coiling of the outer volutions. The second and third
volutions are ellipsoidal in shape with broadly rounded poles. Beyond the fourth
volution the axis becomes extended slowly as the shell grows. The shell retains
almost the same axial profile from the sixth volution to maturity as shown below.
Average ratios of the half length to the radius vector of the first to fifteenth
volution for fifteen specimens are 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.6, 1.6, 1.6, 1.6, 1.6,
1.6, 1.6, 1.6, and 1.6, respectively.

The proloculus is very minute, with an outside diameter of 40 to 132 microns,
averaging 84 microns in thirty-one specimens. The first three volutions are very
tightly coiled. In the following two volutions the shell becomes slightly more
rapidly expanded. Beyond the sixth volution to maturity the rate of expansion of
the shell is almost uniform. Average radius vectors of the first to sixteenth
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volution for forty-two specimens are 68, 106, 147, 208, 282, 375, 482, 607, 733, 865,
1,014, 1,120, 1,311, 1,477, 1,651, and 1,842 microns, respectively. The chambers are
almost the same in height throughout the length of the shell, except in the very
extremities where they are very slightly higher.

The spirotheca is thin and distinetly alveolar. Due to the insertion of the
septula, it is rather difficult to measure the thickness of the spirotheca with
certainty. It is, of course, thinnest in the midst of two contiguous septula or of
septum and adjacent septulus. So far has been measured, the thickness of the
spirotheca in the first to fifteenth volution of twenty-one specimens averages 7, 7,
9, 10, 11, 12, 12, 13, 14, 16, 17, 19, 22, 23, and 25 microns, respectively.

The septa are rather thick, consisting of the downward deflection of the
tectum, along either side of which the keriotheca also extends down for a consid-
erable distance. The septa are generally perpendicular to the surface of the
spirotheca, but some of them are extending anteriorly at a small angle. The
presence of the axial septula makes difficult to determine the septal counts exactly.
Average septal counts of the first to fourteenth volution of six specimens are 7,
10, 12, 13, 15, 17, 20, 23, 25, 30, 29, 29, 32, and 32, respectively.

The axial septula do not occur in the first three to four volutions. In the
fourth or fifth volution they begin to appear in a limited part of the volution
although they are very short and primitive in development. Beyond the seventh
volution at least one, two at the maximum, axial septulus is inserted between the
adjacent axial septa. The primary spiral septula occur throughout all but the
first volution. They extend to the tops of the parachomata across the chambers.
The secondary spiral septula do not present in the inner six to seven volutions.
Although they begin to appear in the seventh or eighth volution, they do not
necessarily occur in every space of two adjacent primary spiral septula, but are
restricted in development only in a very limited part. If present they are very
primitive, being only a low swelling or a short downward extension of the kerio-
theca.

The foramina are small and generally elliptical in cross section, with the max-
imum diameter perpendicular to the surface of the spirotheca. They seemingly
are not recognizable in the earlier two to three volutions, and are about half to
nearly the same as high as the chambers in the outer volutions. Although it is
rather difficult to count foramina, there are about 13, 18, 25, 28, 35, 39, 42, 472,
56?, and 64? foramina in the third to twelfth volution of a typical specimen.

Remarks.—Neoschwagerina craticulifera (SCHWAGER) is, as stated above, very
common in the Middle Permian rocks of Japan, and has so far been reported from
more than ten localities in the western half of this country.

In the original description of this species, SCHWAGER (1883) illustrated each one
of axial and sagittal sections, the former of which is automatically the holotype
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specimen of this species. However, these two specimens differ considerably from
each other in the radius vector for the corresponding volutions; namely, the axial
section (fig. 17 of Pl. XVIII) of sixteen volutions has the radius vector of 0.19 mm
at the fifth and 0.51 mm at the tenth volution, while the sagittal section (fig. 18)
of twelve volutions has that of 0.37 mm and 0.89 mm for the corresponding volu-

tions.

Table 81. Table of Measurements (in Millimeters) of Neoschwagerina craticulifera (SCHWAGER)

Specimen Loec. Rg.No. Pl fig. L. w. R.
1 289 2190 40 1 3.60 2.68 1.3
2 289 2190 40 2 4.60 2.95 1.6
3 289 2186 40 3 4.45 2.94 1.5
4 289 2187 40 4 4.7+ 2.70 1.7
5 6C*-14 40 19 3.82 2.14 1.6
6 } Hastmoro's { 6B*-13 40 20 4.29 3.11 1.4
7 6B*-15 40 22 5.84 3.59 1.6
8 287B 2185 40 11 x 3.85 x
9 289 2186 40 12 x 8.0+ x
10 289 2191 40 13 x 2.8+ x
11 289 2189 40 14 x 3.35 x
12 6C*-15 41 2 x 8.43 x
13 } Hasnmmoro’s { 6C*-16 41 3 x 2.95 x
14 6B*-20 41 4 x 3.38 x
Speci-  proy. Radius vector

men i 2 3 4 5 6 17 8 9 10 11 12 13 14 15 16

1 .050 .051 .085 .121 .152 .212 .301 .3%0 .500 .602 .773 .940 1.071 1.222 1.360

2 — —  — 126 .175 .240 .336 .421 .528 .647 .772 .920 1.052 1.187 1.338 1.47?
3 —  —  — .129 .188 .258 .327 .440 .548 .660 .809 .960 1.101 1.250 1.400

4 .060+ .055 .093 .135 .190 .270 .360 .466 .591 .710 .880 1.042 1.180

5 .101 .092 .123 .169 .230 .303 .402 .528 .650 .800 .920 1.055 1.187
6

7

8

.045 .055 .092 .135 .190 .264 .341 .448 .567 .677 .825 1.000 1.153 1.321 1.533

119,101 (141 .184 .248 .338 .439 .552 . .668 .785 .905 1.070 1.257 1.450 1.653 1.800

.069 .061 .101 .151 .222 .311 .420 .539 .676 .818 .960 1.110 1.290 1.479 1.690 1.850
9 .059 .059 .096 .138 .190 .250 .322 .401 .502 .613 .772 .871 1.018 1.160 1.284 1.435 1.600
10 .060 .059 .100 .131 .180 .260 .330 .431 .550 .690 .830 .962 1.147 1.330
11 .063 .052 .085 .124 .187 .260 .350 .455 .590 .T741 .922 1.108 1.290 1.478 1.663
12 .082 .066 .100 .147 .211 .282 .368 .463 .580 .668 .7T97 .960 1.126 1.315 1.493 1.717 1.934
13 .101 .086 .119 .159 .224 .303 .380 .491 .613 .730 .870 1.040 1.184 1.346 1.471
14 .132 .104 .144 .196 .261 .335 .424 .522 .635 .742 .870 1.015 1.190 1.852 1.573 1.740

Max. .132 .104 .144 .196 .267 .359 .482 .630 .770 .920 1.065 1.220 1.360 1.479 1.690 1.850 1.991

Min. .040 .043 .080 .116 .152 .212 .301 .383 .500 .613 .727 .860 1.030 1.180 1.333 1.435 1.600
.084 .068 .106 .147 .208 .282 .375 .482 .607 .733 .865 1.014 1.120 1.311 1.477 1.651 1,842

131 31 38 41 42 42 42 41 37 36 33 30 26 22 18 11 3

* 6B and 6C in the HASHIMOTO’s collection are the same localities as Loc. 287 and Loc. 287A,
respectively.
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Speei- Thickness of spirotheca
mn- o 1 2 3 4 5 6 7T 8 9 10 11 12 18 14 15
1 .006 .007 .006 .010 .011 .012 .014 .012 .014 .018 .024 .018 .024

2  — .007 .007 .009 .012 .013 .013 .015 .016 .014 .017 .019 .019 .02¢ .027

3 — — — .010 .011 .011 .012 .01l .012 .013 .013 .016 .021 .027 .031

4 — — 007 .009 .010 .011 .012 .013 .014 .015 .021 .025 .031

5 .008 .009 .008 .009 .011 .010 .009 .010 .018 .012 .016 .021

6  .007 .007 .008 .009 .011 .01 .012 .01l .012 .013 .017 .019 .019 .024

7 .008 .009 .008 .009 .012 .012 .012 .012 .013 .014 .014 .017 .018 .027 .027 .029
8§ — — — — 011 .011 .013 .015 .015 .014 .015 .014 .020 .021 .020 .07
9 — .006 .008 .010 .010 .010 .010 .011 .011 .013 .012 .014 .017 .021 .022 .027
10— .006 .008 .009 .011 .012 .013 .012 .013 .013 .014 .016 .021 .023

11 .006 .007 .007 .010 .010 .010 .010 .012 .012 .014 .020 .019 .019 .034 .028

12 .009 .008 .009 .008 .010 .011 .011 .01l .013 .011 .014 .013 .014 .015 .021 .029
13 .008 .007 .008 .009 .011 .010 .011 .011 .0I11 .013 .015 .022 .021 .024

14 .007 .006 .006 .007 .008 .009 .010 .010 .012 .015 .014 .015 .017 .017 .018
Max. .009 .009 .009 .010 .012 .013 .014 .015 .016 .018 .024 .025 .031 .034 .031 .029
Min. .006 .006 .006 .007 .008 .009 .009 .010 .011 .010 .012 .012 .014 .015 .016 .017
A .007 .007 .007 .009 .010 .011 .012 .012 .013 .014 .016 .017 .019 .022 .023 .025
Ver- 10 13 15 17 19 20 21 21 21 21 2 20 18 16 10 6
Speci- Ratio of HI./Rv.
men 1 2 8 4 5 6 7 8 9 10 1 12 18 14 15

1 1.4 1.2 1.3 1.6 16 1.6 19 1.8 1.8 1.7 1.5 1.5 1.5

2 — — 1.0 1.2 1.3 15 1.7 1.7 1.7 1.6 1.6 1.7 1.7 1.6 1.6

3 — — 1.2 1.3 1.8 1.4 14 1.6 1.7 1.7 1.7 1.7 1.6

4 1.0 1.0 1.2 1.4 15 1.6 1.7 1.7 1.8 1.8 1.8 1.9

5 1.1 1.6 1.6 1.8 21 21 20 21 21 1.9

6 1.2 1.2 1.5 1.6 1.6 1.6 1.5 15 1.5 1.5 1.5 1.5 1.5 1.5

7 1.0 1.4 1.7 1.7 1.7 1.7 1.8 1.8 1.8 1.8 1.7 1.7 1.7 1.7 1.6
Max. 1.4 1.6 1.7 1.8 21 21 20 21 21 1.9 1.8 1.9 1.8 1.8
Min. 1.0 1.0 0.9 1.1 1.3 1.4 1.3 1.3 1.3 1.4 1.3 1.5 15 1.5
A 11 1.2 1.3 1.4 15 16 16 16 1.6 1.6 1.6 1.6 1.6 1.6 1.6
ver. { 9 11 13 14 14 15 15 15 15 14 13 10 8 4 2
Speci- Septal count
men 1 2 8 4 5 6 7 8 9 10 11 12 13 14 15

9 —  — 127 1387 14 147 247 22?7 22 27 287 277 257 287 337
10 — 9 18 14 14 20 21 22 24 30 30

1 — — 11 11 16 16 15 197 2 22 2 271 267

12 — — 11 11 14 167 18 22 25 26?7 2717 287 367 3857

13 6 9 12 12 14 157 197 25 277 287 307 827 357

14 7 11 18 15 18 19 23 28 32 347 327 327 347 347
Max 7 11 13 15 18 20 247 28 32 347 32?7 327 367 357
Min 6 9 11 11 14 14?2 15 197 20 22 2 27 9257 9287
Aver { 7 10 12 13 15 17 20 23 25 30 29 29 32 32

: 2 3 6 6 6 6 6 6 6 6 6 6 5 3
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In 1914 DEPRAT illustrated very beautiful specimens (figs. 4-8 of Pl. VII in his
third Mémoir) from Akasaka, the type locality of the species, of which fig. 4 is
one of the most exactly oriented axial section ever illustrated in this species and
was reproduced by Ozawa (1927) as fig. 1 of Pl. XL. This figure has, if the
magnification is correct, much larger radius vectors than those of the SCHWAGER’S
axial seetion—0.36 mm at the fifth, 1.04 mm at the tenth and 1.95 mm at the
fifteenth volution. These figures show that the DEPRAT’s specimen is almost twice
as large as the SCHWAGER’s type specimen in the shell size and the radius vectors
for the corresponding volutions except the last few ones. Nevertheless many
forms seemingly have been referred by later workers to the DEPRAT’s form as
being typical rather than to the SCHWAGER’s type.

Such being the case, Neoschwagerina craticulifera (SCHWAGER) is rather
variable in the size of the shell and the rate of expansion. Unfortunately, the
SCHWAGER’s holotype specimen is not typical for the species but represents one
extremity of the specific variation. However, I am decidedly not clear from a
doubt that if both the SCHWAGER’s and DEPRAT’s figures have correct magnification
to the true dimension of their specimens.

The statistics obtained from the Akiyoshi specimens now I am studying show
that they are nearly average for the species in the measurable characters and are
rather close to the DEPRAT’S specimen discussed above.

Occurrence.—Neoschwagerina craticulifera (SCHWAGER), the zone fossil of the Pmp
subzone, is abundant in the Akiyoshi limestone group and is often crowded in a
limestone mass. The following localities are known; Nos. 5, 6, 8 and 10 lime-
stones of Section I (Loc. 287, 287A, 289, and 291, respectively), No. 4 limestone of
Section X (Loec. 521), and Nos. 2 and 3 limestones of Section XIV (Loc. 98 and 100,
respectively).

The species is, of course, characteristic to the Pmp subzone, but it is also
found in the Pma subzone and may be ranging upward into the Pmj subzone.

Neoschwagerina craticulifera haydeni DOUTKEVITCH and KHABAKOV
Pl. 41, figs. 6-8

1909. Neoschwagerina craticulifera HAYDEN. Geol. Survey India, Records, Vol. 38, pp. 248, 249,
Pl. 24, fig. 1-7.

1934. Neoschwagerina craticulifera var. haydeni DOUTKEVITCH and KHABAKOV. Acad. Seci. U.
S. S. R., Geol. Pamir, Vol. 8, pp. 94-99, Pl 2, figs. 6-8; PI. 8, figs. 1, 2.

1946. Neoschwagerina craticulifera haydeni THOMPSON. Jour. Paleont., Vol. 20, No. 2, pp. 155,
156, Pl. 23, figs. 12, 13.

Based on a single specimen collected from the Bamian limestone of northern
Afghanistan, THoMPSON illustrated and described Neoschwagerina craticulifera
haydeni DOUTKEVITCH and KHABAKOV in some detail. The specimens here referred
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to N. craticulifera haydeni are also not sufficient to draw up a complete specific
description.. However, for the sake of completeness, I give the following descrip-
tion based on my collection from the Akiyoshi limestone group.

The shell of Neoschwagerina craticulifera haydeni DoUTKEVITCH and KHABAKOV
is medium in size and inflated ellipsoidal in shape, with straight axis of coiling,
nearly straight to broadly convex lateral slopes and rounded poles. A typical
specimen of thirteen volutions is 4.8 mm long and 8.5 mm wide, giving a form
ljatio of 1.4. The first volution seemingly coils at high angles to the direction of
coiling of the outer volutions. The second volution is ellipsoidal. Beyond the third
volution the shell retains almost the same axial profile but it becomes slightly
more inflated in the last few volutions. Average ratios of the half lengh to the
radius vector of the first to thirteenth volution of five specimens are 1.2, 1.3, 1.4,
1.4, 1.5, 1.5, 1.5, 1.5, 1.4, 1.4, 1.8, 1.3, and 1.3, respectively.

The proloculus is minute, with an outside diameter varying from 35 to 86 mic-
rons and averaging 51 microns in nine specimens. In the inner four to five volu-
tions the rate of expansion of the shell is very slow, which becomes slightly rapid
in the following two volutions. From the sixth or seventh volution the shell
expands almost uniformly. Average radius vectors of the first to seventeenth
volution for fifteen specimens are 57, 92, 138, 190, 268, 355, 467, 600, 752, 903, 1,080,
1,251, 1,435, 1,604, 1,751, 1,935 and 2,120 microns, respectively. The height of the
chamber is almost the same from pole to pole.

The spirotheca is rather thin and distinctly alveolar. Although the presence
of the septula makes difficult to measure the true thickness of the spirotheca,
approximate thickness of the first to sixteenth volution of three specimens mea-
sured at the thinnest point between septula averages 8, 10, 11, 13, 13, 14, 15, 15,
16, 17, 19, 19, 20, 20, 20, and 22 microns, respectively. Although the alveoli of
the spirotheca are very fine, they are recognizable in all parts of the spirotheca.

The septa are composed of the tectum and the downward extension of the
keriotheca on the posterior and anterior sides of the tectum. The exact number
of the septa is not known because no exactly oriented sagittal section is available.
For the same reason the true nature of the axial septula is not sufficiently observed.
However, the axial septula seemingly do not present at least in the inner few volu-
tions. Beyond the fifth or sixth volution one axial septulum begins to appear
between adjacent septa. The primary spiral septula present in most if not all
parts of the shell. Most of them extend to the tops of the parachomata across
the chambers, but some are short and their lower surfaces are not in contact with
the tops of the parachomata. A rudimentary suggestion of the secondary spiral
septula is only seen in the very limited part of the outer volution of one specimen.

Small round to elliptical foramina seemingly appear beyond the fifth volution,
but their exact number is not known because of the insufficiency of the material.
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At least 30 foramina are present in the thirteenth volution of one specimen.

Table 82. Table of Measurements (in Millimeters) of Neoschwagerina craticulifera hayden:
DouTKEVITCH and KHABAKOV

Specimen  Loc. Rg. No. PL fig. L. w. R. Prol.
1 28TA 2180 41 6 4.80 3.50 1.4 —
2 523 112 41 7 3.22 2.63 1.2 .086
3 100 2123 41 8 — 3.8+ —_ .045
Max. .086
Min. .035
Aver. {—(;—5L
Speci- Radius  vector
men

1 2 3 4 b 6 7 8 9 10 11 12 13 14 16 16 17

1 .060 .101 .152 .210 .290 .378 .521 .660 .832 1.002 1.180 1.381 1.580
2 .082 .121 .172 .242 .322 .424 .552 .674 .820 .951 1.110 1.270
3 .058 .082 .128 .182 .270 .353 .466 .583 .690 .820 .981 1.130 1.296 1.490 1.674 1.840

Max. .082 .121 .172 .242 .326 .440 .580 .730 .915 1.080 1.280 1.410 1.630 1.810 1.885 2.045 2.120
Min. .032 .067 .107 .121 .218 .303 .392 .494 .592 .T14 .880 1.130 1.296 1.474 1.674 1.840 2.120
.057 .092 .138 .190 .268 .355 .467 .600 .752 .903 1.080 1.251 1.435 1.604 1.751 1.935 2.120

Aver\§y 11 13 14 15 15 15 15 14 12 12 9 8 7 & 4 2
Speci- ,,Th,i_Ckness ,Of spirothjca -
mn. 4,2 1 2 8 4 5 6 7 8 9 10 1 12 13 14 15 16
1 — .009 .011 .011 .0l4 .014 .016 .016 .016 .019 .019 .019 .020 .021
2 .008 .008 .010 .012 .014 .016 .016 .017 .018 .016 .016 .019
3  — .008 .009 .01l .012 .010 .011 .012 .012 .014 .015 .0I8 .018 .018 .020 .020 .022
Avep, [:008 008 .010 .01 .013 .013 .014 .015 .015 .016 .017 .019 .019 .020 .020 .020 .022
““1i1 3 38 3 8 3 38 3 8 3 38 38 2 2 1 1 1
Speci- Ratio of HI./Rv.
men 1 2 3 4 5 6 7 8 9 10 11 12 138 14
1 17 15 1.6 1.7 17 1.7 16 1.6 1.6 1.5 1.4 1.4 1.4
2 11 1.2 1.8 1.3 14 1.5 14 1.5 1.4 1.5 1.4
Max. 1.7 1.6 17 1.7 17 17 16 1.6 1.6 1.5 1.4 1.4 1.4
Min. 09 12 13 12 1.2 1.3 1.3 1.3 1.2 1.2 1.2 1.2 1.2
Aver { 1.2 1.8 14 14 15 1.5 15 1.5 1.4 1.4 1.3 1.3 1.3 1.2
: 4 5 5 5 5 5 5 4 4 3 3 2 2 1

Remarks.—Neoschwagerina craticulifera haydent DOUTKEVITCH and KHABAKOV
resembles N. multicircumvoluta DEPRAT in many respects. Although Ozawa (1927)
regarded the latter species as the microspheric form of N. craticulifera, the
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difference of the prolocular size between these two species is not so distinet as
being observable in other dimorphic species, and the latter species expands much
slower, especially so in the outer volutions. Hence it seems better to distinguish
both forms as distinet species.

This subspecies is distinguished from N. multicircumvoluta by its slightly
numerous volutions of mature shell, more rapid rate of expansion of the outer
volutions and more primitive development of the axial septula in the outer volu-
tions.

The Akiyoshi specimens, though not sufficient in number, well agree with
HAYDEN’s and THOMPSON’s specimens from Afghanistan and DOUTKEVITCH and
KHABAKOV’S specimens from Pamir.

Occurrence.—Neoschwagerina craticulifera haydenti DOUTKEVITCH and KHABAKOV
is also characteristic to the Pmp subzone, and it often, if not always, associates
with N. craticulifera s. str.

It has been obtained from the No. 6 limestone of Section I (Loe. 287A), No. 6
limestone of Section X (Loc. 523), No. 8 limestone of Section XIV (Loc. 100), No. 2
limestone of Section XV (Loc. 184), No. 2 limestone of Section XVI (Loc. 742), and
No. 1 limestone of Section XXVI (Loc. 751).

Neoschwagerina douvillei OZAWA
Pl. 41, figs. 9-13; PI. 42, figs. 1-6.

1906. Neoschwagerina globosa DOUVILLE. Bull. Soc. Géol. France, P1. XVII, P1, XVIII, figs. 1,
2.

1912. Neoschwagerina globosa DEPRAT. Mém. Serv. Géol. I'Indochine, Vol. I, fasc. 3, p. 51, PL
1V, figs. 1-4.

1925. Neoschwagerinoa douvillei OZAWA. Jour. Coll. Sei. Imp. Univ. Tokyo, Vol. XLV, Art. 4,
Pl 111, fig. 6; Art. 6, pp. 55-57, PL. XI, figs. 5, 6 (non fig. 7).

1935. Neoschwagerina douvillei GUBLER. Mém. Soc. Géol. France, No. 26, pp. 111-113, P1. VI,
fig. 2; Pl. VIIL fig. 6, 10 (non Pl. VII, figs. 7, 8, 10, 11)

1986. Neoschwagerina douvillet HuzIMOTO. Sei. Repts. Tokyo Bunrika Daigaku, See. C, Vol. 1,
No. 2, pp. 114, 115, Pl. XXIII, figs. 1-5.

1947. Neoschwagerina douvilles TORIYAMA. Japan. Jour. Geol. Geogr., Vol. XX, Nos. 2-4, pp.
78, 79, P1. XVII, fig. 8.

1956. Neoschwrgerina douvillet CHEN. Palaeontologia Sinica, New Ser. B, No. 6, pp. 58, 59, Pl
XIII, figs. 8-7; Pl. X1V, fig. 7.

The shell of Neoschwagerina douvillei 0ZAWA is moderately large in size and
inflated fusiform, with almost straight axis of coiling, completely convex lateral
slopes and broadly rounded poles. A mature shell of fourteen volutions is 7.5 mm
in length and 4.3 mm in width, with a form ratio of 1.8. The first one to two
volutions seemingly are subspherical to ellipsoidal, with almost rounded poles.
Beyond the third volution the shell assumes its mature shape. Average ratios of
the half length to the radius vector of the first to fourteenth volution in six
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specimens are 1.4, 15, 15, 15 1.6, 1.6, 1.6, 1.6, 1.6, 1.7, 1.7, 1.6, 1.6, and 1.8,
respectively.

The proloculus is of moderate size, and spherical to somewhat irregular in
shape, with an outside diameter of 177 to 459 microns, averaging 283 microns for
ten specimens. The shell considerably tightly coils in the inner four to five volu-
tions and expands slightly more rapidly but almost uniformly in the outer ones.
Average radius vectors of the first to fourteenth volution for ten specimens are
196, 276, 859, 464, 568, 697, 840, 987, 1,159, 1,329, 1,513, 1,689, 1,902, and 2,055 mic-
rons, respectively. The chambers are almost the same in height throughout the
length of the shell except the very extreme polar ends.

The spirotheca is thin and consists of a tectum and a keriotheca. Fine alveoli
are clearly seen even in the first volution. Average thickness of the spirotheca
at its thinnest point between adjacent septula in the first to fourteenth volution
of six specimens is 9.2, 11, 12, 13, 14, 15, 17, 17, 17, 18, 19, 21, 21, and 32 microns,
respectively.

The septa are composed of the downward deflection of the tectum and the
keriotheca. The latter extends down either side of the former for a short distance.
The tips of most septa are solidified and bend anteriorly at a high angle. The
axial septula develop throughout the shell. One to two axial septula occur in the
inner five volutions and two to four in the outer ones. They are not equal in
length and shape in cross section even in a chamber; some are considerably long
with solidified tip but others are very rudimentary in their development, only being
primitive salience of the lower surface of the spirotheca. The primary spiral
septula occur throughout the shell, with their lower surfaces in contact with the
tops of the parachomata across the chambers. The secondary spiral septula do

Table 83. Table of Measurements (in Millimeters) of Neoschwagerina douvillet OZAWA

Specimen  Loc. Rg. No. Pl fig. L. Ww. R. Prol.
I* 1 DpoyviLies {Pl. XVIIL fig. 1 42 5 4.8+ 2.02 2.1 88 x
2x | specimen | p| XVIIL, fig. 2 42 6 x 3.67 X 29 x
3k Qmewas I-23 4 12 5.84 3.68 1.6 .282
4 751 2233 41 9 6.50 4.06 1.6 .275
5 127F 4 1 7.2+ 4.6+ 1.6 .231
6 T65E 2302 42 1 5.84 3.32 1.8 .215
7 T65E 2301 42 2 4.45 2.79 1.6 .211
8 765E 2300 42 4 5.8+ 4.29 1.4 177
9 765D 2289 41 13 X 3.8+ x R

' Max. 459
Min. 177

.283

Aver. {T

* The statistics of the specimens 1, 2, and 3 is excluded from the averages.
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However, a rudimentary suggestion of the

secondary spiral septula is prensent in the very limited part of the outer volutions.
The exact number of the septa is hardly counted, because no exactly oriented

Radius vector

Speci-

men. 4 2 3 4 5 6 7 8 9 10 11 12 183 14 15

1% .25 .37 .49 .60 .75 .90 1.06 1.25 1.40 1.58 1.75

2k 16 .23 .85 .46 .60 .76 .92 1.11 1.30 1.50 1.69 1.86

3% 227 .302 .378 .484 .586 .718 .851 1.021 1.200 1.380 1.570 1.760

4 .200 .276 .370 .505 .628 .760 .895 1.05+1.23+1.38+1.560 1.75+1.93+

5 .156 .254 .365 .470 .592 .736 .880 1.040 1.180 1.358 1.540 1.726 1.915 2.054

6 .175 .257 .337 .418 .534 .662 .831 .990 1.193 1.373 1.561

7 175 .233 .294 .377 .451 .549 .668 .788 .960 1.130 1.306 1.518

8 .12 .196 .267 .365 .488 .613 .77+ .932 1.120 1.318 1.530 1.736 1.931 2.17+

9  .245 .320 .401 .520 .613 .733 .846 1.000 1.138 1.293 1.471 1.610 1.763 1.940 2.084

Max. .254 .850 .450 .550 .653 .790 .950 1.116 1.29+1.45 1.62+ 1.80+ 1.97+ 2.17+

Min. .126 .196 .267 .365 .451 .549 .668 .788 .960 1.130 1.306 1.518 1.763 1.940

Aver{.ms .276 .359 .464 .568 .697 .840 .987 1.159 1.329 1.513 1.689 1.902 2.055 2.084
100 10 10 10 10 9 9 8 7 17 7 6 5 8 1

Speci- Thickness of spirotheca

men 4,2 1 2 38 4 5 6 7 8 9 10 11 12 13 14

8% .0064 .009 .012 .013 .015 .014 .014 .018 .017 .017 .022 .021 .019

4  .009 .011 .012 .011 .013 .014 .014 .0I8 .018 .019 .018 .020 .024

5 — 011 — .012 .014 .013 .016 .016 .017 .017 .018 .022 .023 .027 .032

6  .0067 .0067 .010 .012 .013 .014 .015 .020 .021 .019 .019 .022

7 .009 .0065 .012 .013 .012 .014 .013 .016 .017 .017 .017 .018

8  .0075 .010 .011 .014 .013 .017 .017 — .017 .017 .020 .018 .021 .02l

9  .009 .010 .011 .011 .010 .012 .015 .014 .014 .014 .015 .015 .015 .015

Max. .009 .011 .012 .014 .014 .017 .017 .020 .021 .019 .020 .022 .024 .027

Min. .0067 .0065 .010 .011 .010 .012 .013 .014 .014 .014 .015 .015 .015 .015

Aver {.0082 .0092 .011 .012 .013 .014 .015 .017 .017 .017 .018 .019 .021 .021 .032
15 6 & 6 6 6 6 o5 6 6 6 6 4 3 1

Speci- Ratio of HI./Rv.

men. 3y 2 3 4 5 6 7 8 9 10 11 12 13 14

1* 1.2 1.4 16 1.8 1.8 20 2.0 21 22 22 —

g 1.3 1.4 1.6 1.6 1.5 1.6 1.7 1.7 1.7 1.6 1.6 1.6

4 1.4 16 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.7

5 22 1.9 19 1.8 20 1.9 1.9 1.9 1.9 19 1.9 1.9 1.8 1.8

6 1.2 1.2 1.5 1.6 1.7 1.7 1.7 1.7 1.8 1.7 1.8

7 1.0 1.2 1.4 1.4 16 1.4 1.5 16 1.6 1.6 1.6 1.6

8 1.2 1.0 1.1 1.1 1.2 1.3 1.4 1.4 1.4 1.4 1.4 1.4 1.4

Max 22 19 19 18 20 1.9 19 19 1.9 1.9 19 1.9 1.8

Min. 1.0 1.0 1.1 1.1 1.2 1.8 1.4 1.4 1.4 1.4 1.4 14 1.4

Aver {1.4 1.5 1.5 15 16 1.6 1.6 16 1.6 1.7 1.7 16 1.6 1.8

' 1 e 6 6 6 6 6 b5 5 5 b5 5 3 2 1
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sagittal section is available in the present collection.

The foramina first appear in the fourth volution. They are nearly circular to
ellipsoidal in cross section, with the greatest diameter parallel to the axis of coiling
of the shell. The number of foramina is not known exactly, but approximately 11
foramina are observed in the seventh volution and 19 in the eleventh in one axial

section.

Remarks.—Because DoOUVILLE’s and DEPRAT’S specimens described as ‘‘Neoschwager-
ina globosa” are not identical to ““N. globosa YABE” in the appearance of the
septa and the presence of ‘‘false transverse septa’’ (secondary spiral septula)
alternating with ¢ true transverse ones’ (primary spiral septula), Ozawa (1925)
established Neoschwagerina douvillet for the specimens just cited in order to
avoid confusion. Hence, this species should be based on the DOUVILLE’s specimens
illustrated in Pl. XVII and Pl. XVIII of his paper cited above, of which the axial
section in the upper-left corner of fig. 1 of Pl. XVIII is here designated as the
lectotype of the species.

As thus defined, N. douwillei is of moderate in the evolutionary development
and is clearly more advanced than N. craticulifere from which this species seem-
ingly is derived.

Asg shown in the synonymy Ozawa referred the following specimens to this
species as those described as N. globosa (YABE) by DOUVILLE (1906) and DEPRAT
(1912) and those from the Akiyoshi limestone collected by himself. Of which
Ozawa’s fig. 7 of Pl. XI was considered by him to be a megalospheric type of the
species. But, as I repeatedly mentioned, this may not be true and that specimen
(0zawA’s section I-25) seemingly is referable to N. megaspherica DEPRAT.

Besides the above, GUBLER (1935) described and illustrated beautiful specimens
of N. douvillei from Battambang of Indochina. Although he distinguished two
types, slender and globose, his specimens illustrated as figs. 7 and 8 (and probably
10, 11) of Pl. VII seemingly are not referable to this species, being more advanced
in the development of the septa and the septula.

In this country this species was thereafter reported by Huzimoro (1936) and
TORIYAMA (1947) from the Kwanto massif and Shikoku, respectively, from which,
however, enough information is not available for the critical comparison.

The Akiyoshi specimens now I am studying are, though not necessarily sufficient
in number, almost identical with the lectotype specimen and especially with the
DEPRAT’s specimens from Yunnan.

Occurrence.—Neoschwagerina douvillet OZAWA is rather rare in the Akiyoshi lime-
stone group, being found only in the Nos. 2 and 4 limestones of Section XXVI
(Loc. 751 and 753, respectively) and No. 1 limestone of Section XV (Loc. 765). At
the last locality it occurs in huge cobbles of the limestone conglomerate. This
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species is also known in pebbles of the limestone conglomerate of the Shiraiwa
formation of the Tsunemori group, which is exposed at Hinaga, Higashi-shibukura,
Ominé, Miné-shi (Loe. 127). The stratigraphical range of this species seemingly is
narrow, restricted only to the Pmd subzone, but it may be probable that it is
ranging downward into lower subzones.

Neoschwagerina megaspherica DEPRAT
Pl. 42, figs. 7-14; Pl. 43, figs. 1-5

1918. Neoschwagerina megaspherica DEPRAT. Mém. Serv. Géol. ’Indochine, Vol. II, fase. 1,
pp. 57, 58, Pl VII, fig. 26; Pl IX, figs. 4-8.

1924. Neoschwagerina megaspherica COLANIL. Mém. Serv. Géol. I'Indochine, Vol. XI, fasc. 1,
pp. 126, 127 et 158, Pl. XXII, figs. 1-23.

1925. Neoschwagerina megaspherica OZAWA. Jour. Coll. Sei. Imp. Univ. Tokyo, Vol. XLV, Art.
6, p. 58, PL. XI, fig. 8.

1956. Neoschwagerina megaspherica CHEN. Palacontologia Sinica, New Ser. B, No. 6, pp. 63,
64, Pl. X, figs. 4-8.

The shell of Neoschwagerina megaspherica DEPRAT is moderate in size and
short inflated fusiform, with straight axis of coiling, convex lateral slopes and
rounded polar extremities. The number of volution is rather few for the genus,
attaining 11 volutions in the largest specimen, which is 6.5 mm long and 4.9 mm
wide, giving a form ratio of 1.8. Because the proloculus is extremely large and
somewhat irregular in shape, the shell is more or less irregular in axial profile in
the inner two to three volutions. Beyond the third or fourth volution the shell
assumes short inflated fusiform. Average ratios of the half length to the radius
vector of the first to tenth volution in six specimens are 1.2, 1.2, 1.3, 1.3, 1.4, 1.5,
1.5, 1.5, 1.7, and 1.7, respectively.

The proloculus is exceptionally large and irregular in shape, with the maximum
outside diameter ranging from 480 to 1,154 microns, averaging 683 microns for
thirteen specimens. The shell expands rapidly and nearly uniformly. Average
radius vectors of the first to tenth volution are 454, 591, 735, 896, 1,060, 1,221,
1,398, 1,509, 1,704, and 1,916 microns, respectively, in thirteen specimens. The
chambers are almost the same in height throughout the length of the shell.

The spirotheca is thin and very finely alveolar. Most of alveoli seem to extend
from the tops of the spirotheca to the base of the keriotheca or to the lower
surface of the septula. The frue thickness of the spirotheca is hard to be mea-
sured because of the presence of numerous septula. Average thickness of the
spirotheca at its thinnest point between adjacent septula or between septum and
septulus in the first to eleventh volution of nine specimens is 12, 14, 14, 14, 14,
14, 15, 15, 15, 19, and 23 microns, respectively. The proloculus wall is also thin
and seemingly structureless, attaining an average thickness of 9 microns in eight
specimens,
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The septa are composed of the tectum and the downward extension of the
keriotheca. The tips of most of the septa are solidified, bending anteriorly with
a considerable high angles. Although the exact number of the septa is difficult to
be counted, about 6, 11, 127, 14?, 14?7, 15?, 1387, 15? and 18 septa, respectively, are
observed in the first to ninth volution of one specimen. The axial septula present
throughout the shell. Although the axial septula vary in number even in one
volution, two to three axial septula present in the inner four to five volutions
and three to four, five at the maximum, in the outer volutions. They are not
the same in length and shape even in one chamber. The primary spiral septula
occur throughout the shell, the lower surfaces of which are in contact with the
tops of the parachomata. The secondary spiral septula do not occur in the first
two to three volutions. Although the primitive suggestion of the secondary spiral
septula first appears in the third or fourth volution they are not necessarily
present in all parts of the outer volutions. If present they are only small low
swelling of the lower surface of the keriotheca.

Table 84. Table of Measurements (in Millimeters) of Neoschwagerina megaspherica DEPRAT

Specimen Loc. Rg. No. PL fig. L. Ww. R.
1 753 2256 42 7 6.54 4.93 1.3
2 751 2235 42 8 7.6+ 4.2+ 1.8
3 753 2255 42 9 4.93 2.6+ 1.9
4 751 2234 42 10 5.9+ 4.2?7 1.4
5 753 2247 42 11 4.98 3.05 1.6
6 752 2242 42 12 — 3.75 —
7 751 2235 43 1 X 3.22 X
8 751 2231 43 2 X 4.40 X
9 752 2236 43 3 X 3.38 X

Radius vector
Specimen  Prol.
1 2 3 4 5 6 7 8 9 10 11

.688 .469 .613 .772 .951 1.110 1.278 1.48+ 1.66+ 1.855 2.050 2.290
.48+ .40+ BT+ .787 .907 1.080 1.240 1.436 1.625 1.770 1.985

-i5x .445 543 .660 .813 .960 1.150 1.350

.614 400 .506 .613 .736 .873 1.034 1.200 1.858 — @ — = —
‘B85 x .522  .665 .850 1.010 1.196 1.343 1.520
T1a8x 742 .932 1.092 1.270 1.470 1.656 1.84+

-blIx .360 .491 .643 .83+ 1.000 1.180 1.340 1.510 1.68+

.652 .416 .58? .72? .870 1.030 1.131 1.272 1.440 1.625 1.820

-bdlx .856 .470 613 770 .942 1.095 1.273 1.480 1.650

Max. 1.154 .742 .932 1.092 1.270 1.470 1.656 1.84+ 1.66+ 1.855 2.050

Min. .48+ 366 .470 .613 .736 .873 1.018 1.200 1.350 1.530 1.705

.683 .464 591 .736 .896 1.060 1.221 1.398 1.509 1.704 1.916 2.290
13 13 13 13 13 13 13 13 9 7 5 1

© 00 -3 D G W N
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Small elliptical foramina present throughout all but the first volution. The
number of the foramina is difficult to count with certainty. In one of the illus-
trated specimen 18 foramina are observed in the fourth volution and 31 in the
tenth.

Remarks.—Neoschwagerina megaspherica DEPRAT originally described from Lang-
nac (Tonkin) of Indochina is one of the most evolved species among the species of
Neoschwagerina. So far as the extremely large proloculus and the rate of expan-
sion are concerned this species is closely allied with Yabeina hayasakai OZAWA,
but, as Ozawa (1925) remarked, they are easily distinguished by their septal
development.

0zawA described and illustrated N. megaspherica, which is represented by only

Thickness of spirotheca

Specimen
0 1 2 3 4 5 6 7 8 9 10 11
1 .006 .013 .016 .015 .016 .017 .015 .016 .06 .016 .026 .028
2 — .015 .016 .016 .017 .017 .017 .06 .016 .016 —
3 .009 .011 .012 .011 .011 .014 .016 .013
4 .009 .010 .012 .012 .012 .014 .012 .013 .014 .013 .014 .017
5 009  .010 .012 .012 .014 .018 .016 .019
6 .010 .012 .016 .016 .016 .013 .014 .018
7 ‘010 .012 .013 .013 .033 .011 .012 .011 .011 .012
8 012 .012 .013 .014 .014 .0183 .05 .015 .016 .017 .018
9 .010 .012 .010 .012 .013 .012 .013 .014 .015 .016
Max. .012 .015 .016 .016 .017 .018 .017 .019 .016 .017 .026 .028
Min. .006 .010 .010 .011 .011 .011 .012 .011 .011 .012 .014 .017
Aver .009 .012 .014 .014 .014 .014 .014 .015 .015 .015 .019 .023
' 8 9 9 9 9 9 9 9 6 6 3 2
Ratiio of HIL/Rv.
Specimen
1 2 3 4 5 6 7 8 9 10
1 1.8 1.4 1.4 1.4 1.5 1.5 1.6 1.6 1.7 1-7
2 1.5 1.3 1.4 1.4 1.5 1.6 1.6 1.6 1.7 1.6
3 1.0 1.1 1.2 1.3 1.5 1.6 1.5
4 1.0 1.2 1.3 1.3 1.8 1.4 1.4 1.4 — —
5 1.1 1.2 1.3 1.3 1.3 1.4 1.6 1.6
Max 1.5 1.4 1.4 1.4 1.5 1.6 1.6 1.6
Min. 1.0 1.1 1.2 1.2 1.3 1.4 1.4 1.4
Aver. { 1.2 1.2 1.3 1.3 1.4 1.5 1.5 1.5 1.7 1.7
6 6 6 6 6 6 6 4 2 2
. Septal count
Specimen
1 2 3 4 b 6 7 8 9
7 ki 13? 14? 167 — — — —_ —_

9 6 11 12? 147 142 15?7 13?7 15? 18
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a single axial section, in his paper on the Nagato fauna, but his specimen was not
collected from the Akiyoshi limestone but from the Zomeki limestone which is
located about 30 km northeast of the former (section No. I-21 in the 0zAawA’s
collection, labeled Kiwada, lkumo-mura, Abu-gun, Yamaguchi Prefecture). His
specimen, though somewhat deformed, seemingly is identical with the DEPRAT’s
type specimen (DEPRAT’s fig. 4 of Pl IX ig here designated as the lectotype of the
species). However 0zAwWA considered that this species might probably be a megalo-
spheric form of N. douville: or N. margaritae. But, as I already pointed out
elsewhere, this may not be true.

Besides DEPRAT and OzAwA, GUBLER (1935) and CoLANI (1924) deseribed and
illustrated beautiful specimens of this species from Indochina. However, as KAN-
MERA (1954) discussed in some detail, GUBLER’s specimens are not conspecific with
the DEPRAT’S original one, and hence KANMERA proposed a new species, Yabeina
gubleri KANMERA, based on his specimens collected from the Upper Permian Kuma
formation of Southern Kyushu, which are.almost identical to the GUBLER’s form in
almost all the essential characters.

The Akiyoshi specimens at my disposal are almost identical with the DEPRAT’S
type specimen in all the important characteristics, except only in having slightly
smaller radius vectors for the corresponding volutions. However, there is no fully
grown individual in my collection, and more sufficient materials seem to be neces-
sary for the critical discussion for the Akiyoshi form.

Occurrence.—Neoschwagerine megaspherica (DEPRAT) occurs only in the Nos. 2, 3
and 4 limestones of Section XXVI (Loe. 751, 752, and 758, respectively), all of which
are referred to the Pmd subzone.

Neoschwagerina sp. A
Pl. 43, figs. 6-14

The shell of Neoschwagerina sp. A is inflated ellipsoidal in shape, with nearly
straight axis of coiling, straight to convex lateral slopes, and bluntly rounded
poles. Mature shells of thirteen to seventeen volutions are 4.93 to 6.06 mm long
and 2.95 to 4.46 mm wide, giving a form ratio of 1.6 to 1.8. The first two or
three volutions seem to be ellipsoidal and the shell retains nearly the same axial
profile from the fourth volution to maturity. The ratios of the half length to the
radius vector of the first to fourteenth volution of three specimens average 1.4,
14, 1.6, 1.6, 1.7, 1.7, 1.7, 1.7, 1.7, 1.8, 1.8, 1.8, 1.8, and 1.8, respectively.

The proloculus is moderate in size and nearly spherical, with an outside dia-
meter of 166 to 261 microns, averaging 214 microns in eight specimens. The
expansion of the shell is slow in the inner three volutions, and becomes gradual
but only slightly rapid in the following two volutions., From the sixth volution
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the shell expands slightly more rapidly and almost uniformly. Average radius
vectors of the first to sixteenth volution of six specimens are 157, 221, 283, 364,
451, b4b, 647, 762, 889, 1,018, 1,147, 1,282, 1,421, 1,658, 1,748, and 1,914 microns,
respectively.

The spirotheca is very thin and composed of a tectum and a finely alveolar
keriotheca. Average thickness of the spirotheca of the first to sixteenth volution
of eight specimens are 11, 11, 12, 13, 12, 13, 14, 14, 14, 15, 15, 16, 16, 17, 18, and
20 microns, respectively. The fine alveoli apparently extend from the base of the
keriotheca to the tops of the spirotheca.

The septa are composed of the downward deflection of the tectum and the
keriotheca. The anterior and posterior extension of the keriotheca extends down-
ward along the septa for a little less than a half length of the septum. The lower
half of most, if not all, of the septa are solidified and thickened. Average septal
counts of the first to fifteenth volution of three specimens are 8, 11, 14, 15, 16, 17,
20, 19, 21, 22, 24, 23, 26, 26, and 26, respectively.

The axial septula first appear in the second volution, where they are very
rudimentary in development, being only small low ridges on the lower surface of
the keriotheca. In the inner five volutions one to two axial septula occur between
adjacent septa and two to three present in the outer volutions. A rudimentary
suggestion of a fourth axial septula is seen in some of outer few chambers. As a
whole the axial septula of this form are very primitive in development even in
the outer volutions; namely, in a chamber having three axial septula only one,
rarely two, of them becomes fairly long and others are only low ridges on the
lower surface of the keriotheca.

The primary spiral septula occur throughout the shell. They are apparently
formed by the downward extension of the keriotheca and contain clear alveoli.
The secondary spiral septula do not occur in most parts of the shell, except in the
last two or three volutions, where they are only low downward swelling of the
keriotheca.

The foramina are small and elliptical in cross section. However their exact
number cannot be measured because available axial sections are not exactly oriented.

Remarks.—Neoschwagerina sp. A rather closely resembles Yabeina kaizensis Huzl-
moto from the Kwanto massif. Although HuziMoTo’s description and illustration
are not sufficient for the detailed specific comparison, that species seemingly is
rather referable to the genus Neoschwagerina than to Yabeina. N. sp. A and Y.
kaizensis are almost the same in the structure and the development of septa and
septula, especially in the thinness and the wide spacing of septa and septula, but
the former is distinguished from the latter by its less numerous volutions, larger
proloculus, and more rapid rate of expansion.

These two species are quite similar in the evolutionary development of the
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shell, and the presence of the secondary spiral septula, though rudimentary in
development, in the outer volutions suggests that they are advanced form for the
genus Neoschwagerina.

Table 85. Table of Measurements (in Millimeters) of Neoschwagerina sp. A

Specimen Loc. Rg. No. PL fig. L. - W. R. Prol.
1 765D 2289 43 6 4.93 2.95 1.7 —
2 765D 2294 43 7 4.72 2.89 1.6 .175
8 765D 2292 43 8 6.06 3.27 1.8 eex
4 765D 2296 43 9 x 4.45 x EoE X
5 765D 2295 43 10 X 3.97 X .261
6 765D 2290 43 11 x 3.02 X .254
7 765E 2304 43 14 x 3.80 X .181
Max. 261
Min. 166
.214
Aver. {—8—
Speci- Radius vector
men 4 2 3 4 5 6 7 8 9 10 1 12 138 14 15 16 17
1 113 .160 .221 .307 .38 .491 .600 .720 .852 .996 1.129 1.303 1.450
2 188 .230 .285 .350 .424 .497 .595 .696 .820 .960 1.062 1.193 1.310 1.435
3 .141 .202 .267 .350 .440 .533 .61+ .705 .820 .938 1.064 1.196 1.352 1.486 1.610 1.757
4 153 .211 .282 .380 .482 .598 .705 .840 .957 1.070 1.200 1.333 1.500 1.637 1.818 1.977 2.158
5 .169 .239 .300 .383 .475 .564 .665 .778 .892 1.024 1.162 1.306 1.455 1.585 1.742 1.906
6 .184 .236 .291 .347 .415 .513 .613 .727 .850 .972 1.085 1.226 1.380 1.550
7 .144 .211 .276 .377 .475 .589 .693 .840 .978 1.092 1.226 1.361 1.502 1.653 1.824 2.014

Max. .184 .251 .319 .393 .497 .598 .T05 .840 .978 1.092 1.226 1.361 1.502 1.653 1.824 2.014
Min. .113 .160 .221 .307 .386 .491 .595 .696 .820 .938 1.062 1.193 1.310 1.435 1.610 1.757

Ave {.157 221 .283 .364 .451 .545 .647 .762 .889 1.018 1.147 1.282 1.421 1.558 1.748 1.914 2.158
“1T9 9 9 9 9 9 9 9 9 9 9 8 1 6 4 4 1
Speci- Thickness of spirotheca
men. 45 1 2 38 4 5 6 7 8 9 10 1 12 13 14 15 16
1 .010 .009 .012 .011 .013 .017 .017 .015 .015 .017 .017 .017
2 .010 .0147 .014 .013 .0I12 .011 .013 .012 .013 .013 .015 .014 .014 .016 .015 .019 .012
3 .008 .010 .010 .013 .013 .013 .012 .015 .014 .015 .014 .013 .015 .015 .015 .015 .015
4 .006 .012 .010 .011 .013 .011 .01l .015 .015 .0l14 .014 .016 .016 .015 .015
5  .009 .011 .013 .013 .0l14 .018 .014 .015 .015 .016 .018 .017 .019 .020 .021 .022 .024
6 — .01l .011 .012 .011 .013 .013 .013 .013 .013 .012 .012 .017 .015 .017
7 .010? .019 .013 .012 .014 .013 .013 .013 .014 .014 .014 .013 .014 .017 .019 .016 .018

Max. .0107 .0147 .014 .013 .014 .013 .014 .017 .017 .016 .019 .017 .019 .020 .021 .022 .024
Min.  .005 .009 .010 .009 .011 .011 .011 .012 .012 .013 .012 .012 .014 .015 .015 .015 .015
A { 008 .011 .011 .012 .013 .012 .013 .014 .014 .014 .015 .015 .016 .016 .017 .018 .020
ver.
5 7 8 8 8 8 8 8 8 7 8 8 7 7 6 4 4
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Speci- Ratio of HIL/Rv.

men

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 1.4 15 1.5 1.7 19 18 18 1.8 1.8 1.8 1.8 1.8 1.7
2 15 1.3 1.4 14 15 1.6 15 1.6 15 1.5 1.6 1.6 1.7
3 14 15 1.8 1.8 18 18 1.8 1.8 19 20 20 20 1.9 1.8 1.8

Aver. 1.4 14 1.6 16 1.7 1.7 1.7 17 1.7 1.8 1.8 1.8 1.8 1.8 1.8

Speci- Septal count

men 4 2 3 4 5 6 7 8 9 10 11 12 13 14 15
4 10?7 11?2 15 15 15 15 187 20 20 237 25
6 7 12 18 14 15 15 19 17 22 22 23 23 2 257
7 7 10 18 17 19 2 2 2 21 21 2 23 2 271 2%

Aver. 8 11 14 15 16 17 20 19 21 22 24 23 26 26 26

Further study of these forms on more sufficient materials will be necessary
before the definite characteristics ecan be understood.

Occurrence.—Neoschwagerina sp. A has been obtained only in No. 1 limestone of
Section XV (Loc. 765) which consists of limestone conglomerate containing huge
limestone boulders and cobbles. Because the present species is found in one of
the limestone boulders, its stratigraphical range is not known exactly.

Genus Yabeina DEPRAT, 1914
Yabeina cf. tobleri (LANGE)(?)
Pl. 43, figs. 15-18
1925. Neoschwagerina tobleri LANGE. Geol. Mijnbouwkundig Genootshap voor Nederland en
Kolonien Verh., Geol. Ser. Deel 7, pp. 265, 266, Pl. IV, figs. 69a-d.

The specimens here referred to Yabeina ef. tobleri (LANGE)(?) are not sufficient
for giving the precise description of the species. However, for the sake of com-
pleteness, I am giving the following description based entirely on the materials
collected from the Akiyoshi limestone group.

The shell of Yabeina cf. tobleri (LANGE) is of moderate in size for the genus,

and is inflated fusiform with nearly straight axis of coiling, straight to convex
lateral slopes, and broadly rounded poles. A mature specimen of ten volutions is

4.9 mm in length and 3.1 mm in width, giving a form ratio of 1.6. The inner two
to three volutions are subspherical to ellipsoidal, with exclusively rounded poles.
Beyond the third or fourth volution the axis extends slightly rapidly, and the
shell assumes the inflated fusiform. Average ratios of the half length to the
radius vector of the first to tenth volution of four specimens are 1.1, 1.2, 1.3, 1.4,
14, 1.5, 1.6, 1.6, 1.6, and 1.6, respectively.
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The proloculus is large and spherical to ellipsoidal, rarely somewhat irregular
in some specimens. The outside diameter varies from 368 to 490 microns, averaging
468 microns in twenty-one specimens. In a proloculus of irregular shape the maxi-
mum and minimum diameters are measured 683 and 347 microns, respectively. The
shell expands considerably rapidly for the genus and almost uniformly throughout
the growth. Average radius vectors of the first to eleventh volution of twenty-
one specimens are 318, 435, 564, 696, 836, 974, 1,128, 1,288, 1,460, 1,657, and 1,781
microns, respectively.

The spirotheca is thin and distinetly alveolar. The fine alveoli can be seen
even in the earliest volution. The true thickness of the spirotheca is rather diffi-
cult to be measured due to the presence of numerous septula. Average thickness
of the spirotheea at its thinnest point between adjacent septula in the first to
tenth volution of four specimens is 12, 13, 18, 18, 18, 15, 15, 18, 18, and 16 microns,
respectively.

The septa are thin and formed of the downward deflection of the tectum and
short downward extension of the keriotheca on either side of the tectum. Most
of the septa are almost perpendicular to the surface of the spirotheca and some
are bending anteriorly at a very small angle. The tips of some septa bend for-
ward at a sharp angle. The septal count is not determined with certainty, but
approximately 11, 15, 19, 18, 18, 20, 19, and 18 septa are counted respectively in
the first to eighth volution of one specimen.

The axial septula present throughout all the volutions. One or two axial
septula are intercalated between adjacent septa in the inner four to five volutions.
Although the total number of the axial septula seems to vary from chamber to
chamber, there are two to three, four at the maximum, in the outer volutions.
They are not equal in length even in one chamber. Shorter axial septulus is
represented by only small low swelling of the keriotheca, while longer one is
nearly half to two-thirds as high as the chambers, and the lower margin of which
is mostly solidified. The primary spiral septula oceur throughout the growth of
the shell. Although their upper part clearly retains the keriothecal structure,
their lower margin is almost completely solidified and combined with the para-
chomata. The secondary spiral septula are only recognizable in some chambers of
the eighth or ninth volution. They are very short and primitive in development,
only being a low pendant ridge of the spirotheca.

The foramina are small and nearly circular to short elliptical in cross section.
There are about 24, 24 and 28 foramina respectively in the fifth, sixth and eighth
volutions of one specimen.

Remarks.—So far as the shell form, the size of the proloculus, the radius vectors
for the corresponding volutions, the thickness of the spirotheca, and the number
and character of the axial septula are concerned, the present specimens closely
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Table 86. Table of Measurements (in Millimeters) of Yabeina cf. tobleri (LANGE) (?)

Specimen Loc. Rg.No. Pl fig. L. Ww. R.
1 753 2246 43 15 4.89 3.15 1.6
2 752 2238 43 16 5.8+ 3.8+ 1.5
3 752 2237 43 17 X 3.16 X
4 752 2236 43 18 X 2.25+ X

Radius vector
Specimen Prol.

1 2 3 4 5 6 7 8 9 10 11

1 B4Tx .360 .448 564 .674 .822 .951 1.073 1.226 1.402 1.490
2 .380 .245 .344 470 .605 .750 .920 1.088 1.266 1.440 1.670
3 .466 .338 .448 .604 .750 .905 1.037 1.174 1.340 1.493
4 (341x .326  .440 .549 .662 .810 .942 1.113 1.278
Max. .490 .380 .540 .680 .800 .957 1.120 1.300 1.425 1.660 1.840 1.962
Min. .368 .245 .344 .460 .567 .680 .813 .980 1.135 1.296 1.462 1.600
Av {.468 .318  .435 .564 .696 .836 .974 1.128 1.288 1.460 1.657 1.781
er 21 21 21 21 21 21 18 18 16 12 8 2
Thickness of spirotheca
Specimen
0 1 2 3 4 5 6 7 8 9 10
1 .010 .011 .012 .013 .04 .014 .013 .013 .015 .015 .015
2 .010 .010 .018 .013 .012 .012 .0187 .017 .022 .018 .017
3 010 .014 .04 .014 .015 .014 .014 .015 .017 .015
4 .009 .011 .012 .01l .011 .012 .013 .015 —
Max. .010 .014 .014 .014 .015 .014 .0187 .017 .022 .018 .017
Min. .009 .010 .012 .011 .011 .012 .013 .013 .015 .015 .015
Aver { .010 .012 .013 .013 .013 .013 .015 .015 .018 .018 .016
: 4 4 4 4 4 4 4 4 3 3 2
X Ratio of HIL./Rv.
Specimen
1 2 3 4 5 6 7 8 9 10
1 — 1.2 1.4 1.6 1.6 1.6 1.7 1.7 1.7
2 1.3 1.3 1.8 1.4 1.5 1.5 1.6 1.7 1.7 1.7
Septal count
Specimen
1 2 3 4 5 6 7 8
3 11 15? 197 18 18 20 19 18

stand to Yabeina tobleri (LANGE) described from the Middle Permian rocks of
Guguk Bulat of Sumatra. Although the LANGE’s original illustrations (1925) are
not sufficient for the ecritical specific comparison, his specimens are seemingly
referable to the genus Yabeina. The LANGE’s axial sections (69b and ¢) show that
the secondary spiral septula occur even in some chambers of the second or third
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volution. While in the Akiyoshi specimens the secondary spiral septula are only
recognizable in some chambers of the eighth or ninth volution, and they are very
primitive in development if present. The present species also closely resembles
Neoschwagerina megaspherica DEPRAT described above in many respects. How-
ever, the former differs from the latter in having smaller proloculus, less rapid
rate of expansion for the corresponding volutions, and slightly more primitive
characteristics in the development of septa and septula.

To determine more definite characteristics of this form further study on more
sufficient materials seems to be necessary.

Occurrence.—Yabeina cf. tobleri (LANGE)(?) was collected only from the Nos. 3 and
4 limestones of Section XXVI (Loc. 762 and 753, respectively) which are referred
to the Pmd subzone.

Yabeina shiraiwensis OZAWA
Pl. 44; Pl 45, figs. 1-11

1925. Yabeina shiraiwensis OZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 6, pp.
63, 64, Pl. X, figs. 1, 2; Pl II, fig. 2b, 5¢, Tb.

1925. Neoschwagerina (Yabeina) shiraiwensis OZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol.
XLV, Art. 4, PL III, fig. 8; PL IV, figs. 1, 8, 4.

1936. Yabeina shiratwensis HuziMoTo. Sci. Repts. Tokyo Bunrika Daigaku, Sec. C, Vol. 1, No.
2, pp. 122, 123, Pl. XXVI, figs. 1-T.

1942. Yabeina shiraiwensis TORIYAMA. Japan. Jour. Geol. Geogr., Vol. XVIII, No. 4, pp. 245,
Pl XXIV, figs. 14, 15; Pl. XXV, figs. 1-6.

1956. Yabeina shiraiwensis CHEN. Palaeontologia Sinica, New Ser. B, No. 6, pp. 64, 65, Pl
X1V, figs. 8-10.

Yabeina shiraiwensis OZAWA is one of the most common species of the neo-
schwagerinid found in the Upper Permian rocks of Japan. Fairly abundant and well-
oriented sections have been obtained in the Akiyoshi limestone group on which the
following deseription is based.

The shell of Yabeina shiraiwensis OzawA is moderately large in size and in-
flated fusiform, with nearly straight axis of coiling and bluntly pointed poles.
The lateral slopes are exclusively convex in the inner four to five volutions but
become almost straight to even concave in the outer volutions. The largest speci-
men of the present collection is 8.2 mm in length and 5.5 mm in width, with a
form ratio of 1.5. The OzawA’s type specimen (axial section of Pl. 45, fig. 6 in
this paper is here designated the lectotype) is 6.2 mm long and 3.8 mm wide, with
a form ratio of 1.6. The first one to two volutions are nearly spherical to sub-
spherical, followed by one to two volutions of short ellipsoidal shape. Beyond the
fourth or fifth volution the shell assumes its mature shape. The ratios of the
half length to the radius vector of the first to fourteenth volution for twenty

specimens are 1.2, 1.4, 1.4, 1.5, 1.6, 1.6, 1.6, 1.6, 1.6, 1.6, 1.6, 1.6, 1.6, and 1.7, re-
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spectively.

The proloculus is moderate in size, and spherical to short ellipsoidal. The out-
side diameter of the spherical proloculus is ranging from 214 to 340 microns, while
that of the ellipsoidal or irregular shape is 190 to 356 microns in the shortest dia-
meter and 214 to 396 microns in the longest one. Average of all of them is 801
microns for forty-six specimens. The proloculus of the lectotype specimen has a
maximum diameter of 401 microns and a minimum diameter of 338 microns. The
shell comparatively tightly coils in the inner four to five volutions, and slightly
more r_apidly but nearly uniformly expands in the outer ones. The radius vectors
of the first to fourteenth volution of the lectotype specimen are 267, 344, 440, 550,
665, 790, 910, 1,034, 1,170, 1,281, 1,413, 1,564, 1,720, and 1,880 microns, respectively.
Average radius vectors of the first to sixteenth volution for fifty specimens are
220, 297, 393, 502, 622, 754, 891, 1,044, 1,212, 1,866, 1,545, 1,736, 1,843, 1,986, 2,229,
and 2,390 microns, respectively. The chambers are almost the same in height in
the central two-thirds to three-fourths of the shell and become slightly higher in
the polar regions where the lateral slopes change from nearly straight to concave.

The spirotheca is very thin, consisting of a tectum and a very finely alveolar
keriotheca. The alveoli are, however, too fine to be distinguished in most parts
of shell, especially in the outer volutions. The true thickness of the spirotheca is
difficult to be measured due to the presence of numerous septula. The thickness
of the spirotheca measured at the thinnest part between adjacent septula is 9, 9,
10, 10, 10, 11, 11, 11, 11, 12, 11, 13, and 10 microns respectively in the first to thir-
teenth volution of the lectotype specimen. In the present collection it averages 10,
9, 10, 10, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, and 12 mierons respectively in the
first to fifteenth volution of fourteen specimens. The proloculus wall is seemingly
structureless, with a thickness of 9 to 11 microns, averaging 10 microns for thirteen
specimens.

The septa are thin and composed of the tectum and the downward extension
of the keriotheca on both sides of the tectum. The latter is very short, being
along the septa only for half to one-third of the length of the septa. The basal
half of most of the septa is solidified, consisting of dark dense materials. The
base of the septa is thickened and sharply bends anteriorly with a high angle.
The septal counts of the first to fourteenth volution of one of the OzawA’s speci-
men (Pl. X, fig. 2) are 7, 157, 197, 172, 17, 19, 20, 21, 25, 22, 24, 25, 26, and 27, re-
spectively. Average septal counts of the first to eleventh volution of three speci-
mens are 7, 10,713, 13, 18, 14, 15, 18, 20, 26, and 25, respectively. The axial septula
develop throughout the shell. One to two axial septula occur in the first and
second volutions, two to four in the third to fifth, three to six in the sixth to
ninth, and five to eight, even to nine, in the outer volutions. Although they
are not equal in length, most of them assume club-shaped axial profile. The
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primary spiral septula present throughout the length of the shell. The secondary
spiral septula first appear in the third or fourth volution, although they are very

Table 87. Table of Measurements (in Millimeters) of Yabeina shiraiwensis OZAWA

Specimen  Loc. Rg. No. PL fig. L. Ww. R. Prol.
1* Ozawa's I-14 45 6 6.20 3.80 1.6 a8 x
2*} specimen {1-15 45 7 x 4.56 X .239
3 12 2113 4 1 6.86 4.34 1.6 .80+
4 750 2223 4 2 5.1 3.48 1.5 .282
5 765C 2272 4 3 7.6+ 4.9+ 1.5 -Sagx
6 750 2224 44 4 5.1 3.06 1.7 RS
7 T69A 2323 4 5 6.54 4.4+ 1.5 .30+
8 370 2199 44 7 4.82 3.11 1.6 .328
9 370 2199 4 9 4-0+ 2.65 1.5 2haX
10 765C 2277 45 4 8.20 5.52 1.5 .211
11 765C 2272 44 13 X 3.14 x 308 x
12 370 2199 4 14 x 1.89 x BiaX
13 12 2114 4 15 X 2.33 x .206
14 750 2225 45 2 X 8.4+ x Elex
15 1 2102 45 3 X 3.7+ x .276
Max. .396
Min. .190
.301
Aver. {Tﬁ—
. Radius  vector
Speci-
mem 1 2 3 4 5 6 7T 8 9 10 11 12 138 14 15 16 17
1* 267 .344 .440 .550 .665 .790 .910 1.034 1.170 1.281 1.413 1.564 1.720 1.880
2*  .196 .344 .451 .571 .702 .816 .975 1.135 1.296 1.493 1.692 1.867 2.063 2.266 2.443
3 .27+ .378 517 .627 .759 .886 1.049 1.200 1.339 1.508 1.691 1.900 2.120
4 .221 .297 .390 .520 .656 .766 .873 1.010 1.155 1.318 1.470 1.640 1.817
5 .245 .307 .390 .495 .587 .693 .816 .920 1.092 1.278 1.442 1.650 1.830 2.060 2.284
6 .200 .276 .368 .470 .613 .736 .873 1.018 1.177 1.350 1.530 1.720
7 .261 .340 .472 .581 .720 .867 1.037 1.221 1.425 1.615 1.810 2.020
8  .236 .332 .445 .567 .727 .890 1.052 1.226 1.410
9 .221 .303 .415 .528 .660 .791 .920 1.085 1.226
10 .175 .221 .294 .380 .482 .610 .720 .870 1.058 1.226 1.416 1.625 1.821 2.054 2.290 2.480 2.720
11 .218 .307 .405 .522 .653 .796 .920 1.080 1.245 1.410 1.552
12 .185 .257 .338 .430 .543 .647 .766 .890
13 .184 .283 .350 .445 .613 .760 .910 1.050
14 .190 .288 .368 .466 .57+ .670 .806 .920 1.073 1.220 1.381 1.532 1.690 1.84+
15 .205 .285 .380 .494 .610 .736 .890 1.037 1.202 1.378 1.550 1.750
Max. .270 .878 .517 .627 .759 .890 1.108 1.226 1.425 1.815 2.027 2.246 2.120 2.150 2.370 2.480
Min. .175 .221 .294 .380 .482 .610 .720 .870 1.027 1.140 1.260 1.410 1.620 1.780 2.050 2.300
Aver. {.220 .297 .393 .502 .622 .754 .891 1.044 1.212 1.366 1.545 1.736 1.843 1.986 2.229 2.390
46 49 50 50 50 49 48 45 41 33 32 29 15 8 b5 2

* The statistics of the specimens 1 and 2 is excluded from the averages.
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short and primitive in development. In the outer volutions, however, one to two
secondary spiral septula occur between adjacent primary ones.

. Thickness of spirotheca
Speci-
men

0 1 2 3 4 53 6 7 8 9 10 11 12 183 14 15 16 17

— .009 .009 .010 .010 .010 .011 .011 .011 .011 .012 .011 .013 .010
— .009 .010 .010 .011 .012 .012 .010 .011 .010 .011 .011 .012 .012 .012 .011 —
.011 .011 .009 .011 .010 .011 .009 .009 .010 .010 .010 .012 .011 .012 —
.009 .010 .010 .010 .009 .009 .010 .009 .010 .010 .010 .010 .012 —
.009 .010 .011 .011 .010 .010 .010 .009 .010 .010 .009 .011 .009 .010 .010 .012
.010 — .008 .009 .010 .011 .009 .009 .009 .010 .009 —
— .011 .010 .010 .010 .009 .010 .010 .010 .012 .012 .011 .011 .010
.011 .009 .010 .010 .012 .012 .011 .012 .012 —
.011 .010 .010 .009 .011 .010 .010 .009 .010 .011
1 .010 .008 .008 .008 .009 .010 .011 .010 .010 .010 .010 .010 .012 .012 .0i1 .012 .013 .012
1 .009 .010 .009 .008 .010 .009 .009 .010 .011 .010 .011 —
i2  .010 .010 .010 .009 .010 .011 .012 .010 .011 .010
13 — — .009 .009 .010 .011 .010 .010 .010 .009
14 .010 .009 .009 .009 .011 .010 .011 .011 .010 .011 .010 .012 .013 —
15 .010 .009 .010 .009 .009 .009 .011 .011 .010 .010 .011 .013 .010
Max. .011 .011 .011 .011 .012 .011 .012 .012 .013 .012 .011 .013 .013 .012 .011

Min. .009 .008 .008 .008 .009 .009 .009 .009 .009 .009 .009 .010 .009 .010 .010
.010 .010 .009 .010 .010 .010 .010 .010 .010 .010 .010 .011 .011 .011 .011 .012

Aver- 13 11 14 14 14 14 18 14 14 13 10 8 8 4 2 2
Speci- Ratio of HI/Rv.

men

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17

* 1.3 1.4 1.4 14 1.4 14 15 1.5 1.5 1.5 1.5 1.5 1.5 L5

38 1.4 15 1.4 16 1.7 1.7 1.7 1.7 1.8 1.8 1.8 L7 1.7

4 1.2 1.4 15 15 1.5 15 1.5 1.4 1.5 1.4 1.4 1.4 1.4

5 1.1 1.2 1.5 15 1.6 1.7 1.8 1.9 1.9 1.9 1.9 1.8 1.8 1.7 1.7

6 — — — 1.6 1.7 1.7 1.8 1.8 17

7 1.2 1.4 1.3 15 15 1.5 1.4 1.6 1.5 1.5 1.5 1.5

g8 1.1 1.3 1.4 15 1.5 1.6 1.6 1.6 1.6

9 1.0 1.3 1.2 1.4 1.4 1.5 15 1.5 1.4

10 1.1 1.2 1.8 15 16 1.5 1.6 1.5 1.5 1.5 1.5 1.5 1.5 1.4 1.4 1.4 1.4
Max. 1.6 1.6 1.6 1.7 1.7 1.8 1.8 1.9 19 19 19 1.8 1.8 1.7
Min. 1.0 1.2 1.2 1.3 1.4 1.5 1.4 1.4 14 1.4 1.4 1.4 1.4 1.4
Aver {1.2 14 1.4 15 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.7

‘115 17 16 18 18 2 18 17 15 12 10 9 6 3
Speci- Septal count

men 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
2% — — — 147 18 18 16 18 25 24 22 2 2 21 —
11 7 11 12 137 147 15 167 217 227 267 26

12 7 10 13 147 142 15 15?7 14 —

15 6 107 — 122 127 13?7 14?7 187 17?7 — 9237 —
Aver. 7 10 13 13 13 14 15 18 20 2 25
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The foramina are very small and spherical to elliptical, with the greatest dia-
meter parallel to the axis of coiling. It seems, however, that the number of the
foramina is not a consistent feature in a given species of neoschwagerinid, and it
varies considerably in numer for the corresponding volution of different specimens.
There are approximately 14 to 29 foramina in the fifth volution and 29 to 42 in
the tenth volution of three specimens including the lectotype specimen.

Remarks.—In establishing Yabeina shiraiwensis OzAwA based on the specimens
collected from Shiraiwa and Yobara, Ozawa (1925) considered that the size of the
proloculus is very important specific character. He emphasized this point in the
remarks as follows:  The size of the initial chamber is the most important point.
I have not only examined more than twenty oriented sections, and in one case I
have also carefully polished a beautiful sample, measuring the diameter of the
initial chamber as well as I could. The largest value obtained on this occasion
did not surpass 0.82 mm. And so far as I am aware, no example offers a value
of more than 0.85 mm.’”” Nevertheless, and as KANMERA (1954) already pointed out,
KANMERA and I recently reexamined the OzAwA’s original specimen (section num-
ber I-14, illustrated as fig. 2 of Pl. X and illustrated as Pl. 45, fig. 6 in this paper)
now kept in the University of Tokyo, and found that this specimen has a maximum
diameter of 401 microns. In 1942 I described a new species, Y. yasubaensis, based
mainly on the difference of the prolocular size without noticing OzAwA’s error.
Therefore, the specific validity of that species has naturally comes into question
which will be discussed later.

I have examined more than sixty specimens collected from the Akiyoshi lime-
stone group, which are referable either to Yabeina shiraiwensis or to Y. yasuba-
ensis if the size of the proloculus and the rate of expansion are left out of con-
sideration. However, by the difference of these two measurable characters, they
are divided into two groups, one having relatively larger proloculus and more
rapid rate of expansion and the other having relatively smaller proloculus and
slower rate of expansion.

Thus, most of specimens here referred to the latter, Y. shiraiwensis, have a
proloculus of less than 400 microns in the outside diameter, excepting for the
lectotype specimen which has the proloculus of ellipsoidal shape with the maximum
diameter of 401 microns and the minimum one of 338 microns. It should be noted
that the lectotype specimen is typical for the species in the rate of expansion.

These facts suggest that if we rectify the Ozawa’s figures, 0.85 mm to 0.41 mm,
his statement will be valid for the specific designation of Y. shiraiwensis.

In looking over the COLANI’s monograph (1924), Ozawa (1925) stated in the
supplement that Y. shiraiwensis 0zawA and Y. hayasakat OZzaAwA are the synonyms
of Neoschwagerina multiseptata (DEPRAT) em. CoLANI. However, the type speci-
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men of the last named species clearly differs from the former twos, being much
more advanced in the spirothecal structure and the septal development. There-
fore, Ozawa’s emendation is not accepted here.

Yabeina shiraiwensis OZAWA is one of the most important species among the
Upper Permian fauna of Japan and has been reported from many localities through-
out this country. Besides the 0zAwA’s original description, however, only Huzi-
MoTO (1936) and TORIYAMA (1942) described and illustrated this species from the
Kwanto massif and Shikoku, respectively. To our regret most of the HuziMoTO’s
specimens are more or less deformed and somewhat indistinctly illustrated from
which enough information is not available for the critical discussion of minute
specific characters.

From the paleontological and stratigraphical points of view KANMERA (1954)
discussed very much in detail the faunal assemblage of the Lepidolina zone in
southern Kyushu and the equivalent formations of Japan, British Columbia and
East Asia. I (1954) also pointed out some problems concerning the matter. Al-
though it seems unnecessary here to add further discussion, forms which were
referred to Y. shiraiwensis OzawA should be studied in detail under the modern
light of micropaleontology, and, at the same time, careful observation must be
paid on their field occurrences.

Occurrence.—The stratigraphical range of this species is restricted to the Pua,
Yabeina shiraiwensis zone, in the Akiyoshi limestone group. It has been ob-
tained from the following localities, all of them are located in the Ofuku plateau:
No. 1 limestone of Section XIV (Loec. 97), No. 1 limestone of Section XV (Loc. 765),
Nos. 1 and 2 limestones of Section XVI (Loec. 870 and 742, respectively), No. 1 lime-
stone of Section XXVI (Loc. 750), Nos. 1 and 38 limestones of Seetion XXVII (Loe.
1 and 785, respectively), and Loc. 2, 12, 233, 869, 768, and T69A.

Yabeina yasubaensis TORIYAMA
Pl. 45, figs. 12-14; Pl. 46

1941. Yabeina yasubaensis TORIYAMA. Japan. Jour. Geol. Geogr., Vol. XVIII, No. 4, pp. 246,
247, P1, XXV, figs. 8-18.

1954. Yabeina yasubaensis KANMERA. Mem. Fac. Sci., Kyushu Univ., Ser. D, Geol. Vol. IV,
No. 1, pp. 18, 19, Pl. 2, figs. 10-13; Pl 5, figs. 14-19.

Along with Yabeina shiraiwensis Ozawa, Y. yasubaensis TORIYAMA is one of
the most common neoschwagerinid in the Upper Permian formations of Japan.
The Akiyoshi specimens agree so closely either with the original type from the
Yasuba conglomerate in Shikoku or with those described and illustrated by Kan-
MERA (1954) from the Upper Permian Kuma formation in southern Kyushu that
there is no need to add further description. It seems necessary, however, to give
further discussion on the specific validity of this species, because some confusion
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has been arisen on the specific distinction between Yabeina shiraiwensis and Y.
yasubaensis.

As discussed at some length in the foregoing species, Yabeina shiraiwensis
and Y. yasubaensis are closely allied with each other in many important charac-
teristics, but the latter species is distinguished from the former by its generally

Table 88. Table of Measurements (in Millimeters) of Yabeino yasubaensis TORIYAMA

Specimen Loc. Rg.No. PL fig. L. w. R. Prol.
1* No.39 46 13 8.20 4.77 1.7 288 x
2% Yasuba No. 8 46 14 8.16 4.50 1.8 888 x
3* specimen | No. 4 46 15 X 4.64 x .433
4* No. 3 46 16 x 3.05 X 418 %
5 370 2202 45 12 2.78 1.85 1.5 320 x
6 742 2215 46 2 6.37 3.7+ 1.7 .448
7 768 2312 46 1 —_ 5.57 — 430 x
8 765C 2278 45 18 X 3.37 X -39 x
9 765C 2273 45 14 X 4.8? x 821
10 765C 22176 46 4 x 4.02 x <338 x
11 768 2313 46 7 X 3.70 X 892 x
12 1 2101 46 8 x 4.02 x LS
13 370 2202 46 9 x 2.65 x .404
Max. .534
Min. .362
.413
Aver. { 25
Speci- Radius vector

mem- 4 2 3 4 5 6 7T 8 9 100 1 12 18 14 15 16

1* .338 .439 .537 .647 .788 .935 1.082 1.223 1.373 1.545 1.723 1.912 2.081

2% 300 .396 .500 .613 .745 .880 1.052 1.190 1.373 1.533 1.755 1.943 2.145

8% .298 .405 .525 .656 .780 .920 1.073 1.214 1.400 1.555 1.757 1.950 2.12+ 2.292
4* 326 .440 .571 .698 .834 .981 1.145 1.306 1.486 1.640 1.79+

5 .276  .877 .460 .590 .714 .864 1.000

6 .807 .392 .506 .612 .690 .816 .963 1.120 1.275 1.432 1.594 1.78+

7 .308 .392 .490 .613 .765 .920 1.080 1.250 1.422 1.573 1.726 1.910 2.105 2.342 2.540 2.760
8 .254 .353 .466 .586 .720 .895 1.088 1.287

9 .297 .892 .546 .686 .830 .993 1.165 1.35+ 1.533 1.731 1.962 2.177 2.361
10 .254 .347 .470 .571 .733 .873 1.043 1.217 1.410 1.597 1.815 2.036
11 .33+ 442 .552 .677 .812 .963 1.120 1.272 1.440 1.600 1.815

12 .330 .435 .558 .717 .886 1.055 1.235 1.450 1.628 1.835 2.050
13 .307 .392 .510 .632 .776 .920 1.082 1.278

Max. .344 .497 .613 .757 .960 1.153 1.360 1.59? 1.628 1.835 2.050 2.177 2.361

Min. .254 .347 .430 .528 .653 .800 .960 1.126 1.263 1.41+ 1.585 1.73+ 1.946

Aver. {.303 .400 .514 .636 .764 .912 1.068 1.247 1.897 1.586 1.783 1.908 2.137 2.238
22 2 22 2t 22 2 19 186 10 9 9 6 3 2

* The statistics of the Yasuba specimens is excluded from the averages.
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larger proloculus and more rapid rate of expansion.
the corresponding volutions are more numerous in this species than in Y. shirai-
wensis ; namely, 1-3 axial septula occur in the first to second volutions of this
species while 1-2 in those of Y. shiraiwensis, and 2-5 in the third to fifth volutions
of the former, while 2-4 in those of the latter,

243

Besides, the axial septula for

Moreover, the spirotheca seemingly

Thickness of spirotheca

Speci-
mn oy, 1 2 8 4 5 6 7 8 9 10 1 12 13 14
1*  — .010 .0I1 .011 .01l .011 .011 .011 .01l .012 .012 .01l .012 .012 —
2% 009 .009 .010 .010 .009 .010 .009 .010 .010 .011 .01l .010 .010
3% —  .009 .009 .010 .010 .010 .009 .010 .010 .01l .010 .010 .012 .012 .012
4% 008 .010 .009 .010 .009 .010 .01l .011 .011 .01l .01l
5  .009 .009 .010 .010 .011 .011 .011 .010
6 .008 .010 .010 .010 .01 .010 .009 .010 .013 .014
7  — .00 .009 — .009 .01 .009 .010 — .012 .010 .010 .012 .012 .012
8 — .00 .010 .010 .010 .010 .010 .01l .012
9  .012 .011 .009 .009 .010 .010 .009 .011 .01l .01l .012 .012 .012 .013 —
10 .011 .008 .009 .010 .009 .010 .011 .011 .010 .01l .010 .010 .010 .010
11 — .01l .01l .010 .010 .010 .009 .010 .011 .012 .012 .01l
12 .011 .010 .009 .01l .009 .012 .011 .010 .011 .012 .011 .01l —
13 .010 0009 .008 .008 .008 .009 .009 .008 .009
Max. .012 .011 .011 .011 .011 .012 .011 .011 .013 .0l14 .012 .012 .012 .013
Min. .008 .008 .008 .008 .008 .009 .009 .008 .009 .011 .010 .010 .010 .010
Aver {.010 010 .009 .010 .010 .010 .010 .010 .011 .012 .0I1 .01l .011 .012 .012
16 9 9 8 9 9 9 9 7 6 &5 b5 3 8 1
Speci- Ratio of HI./Rv.
men 1 2 8 4 5 6 7 8 9 10 11 12 13
1* 1.4 1.4 15 16 1.6 1.6 1.7 1.7 1.8 1.7 1.7 1.7 1.7
2% 1.2 1.4 1.6 1.6 1.6 1.6 1.7 1.8 1.8 1.8 1.8 1.7 1.7
5 1.0 1.4 1.5 1.6 1.7 1.7
6 1.0 1.3 14 14 1.7 1.8 1.8 1.8 1.9 1.9 1.9 1.9
Aver { 1.8 1.4 1.5 1.6 1.7 1.8 1.9 1.9 2.0 20 1.9 1.9
: 4 4 4 4 4 4 2 2 2z 2z 2z 1
Speci- Septal count
men 1 2 3 4 5 6 7 8 9 10 1
4% 97 137 12?7 16 177 197 197 227  —
9 8 14 17?7 167 167 187 197 197 237 247 297
10 8 14 14 14 17 18 18 177 207 237 252
11 8 17 12 15?7 16 197 207 237 217 237
13 6 11 13 14 14 16 20 18
Max. 8 14 17 16?17 197 20 237 237 247
Min. 6 11 12 14 14 16 18 177 207 237
Aver 7 13 15 15 16 18 19 19 21 23 27
: { 6 6 5 4 2 5 4 4 3 3 2
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is slightly thinner in this species than in the corresponding volutions of Y. shirai-
wensis.

This species is also closely related to Y. pinguis TORIYAMA, n. sp. described
below. The comparison and the phylogenetical relation between these forms are
given in the remarks of the last named species.

With Y. shiraiwensis, Y. yasubaensis is very characteristic to the Upper
Permian fusulinid zone, such as the Lepidolina zone in southern Kyushu, the
Yabeina shiraiwensis zone in the Akiyoshi limestone group and the Yasuba con-
glomerate in Shikoku, and the same attention is also given here for its faunal
association and field occurrence as in Y. shiraiwensis mentioned already.

Occurrence.—So far has been observed Y. yasubaensis TORIYAMA was obtained from
the following localities, almost always associated with Y. shiraiwensis OzAwWA :
No. 1 limestone of Section XV (Loc. 765), Nos. 1 and 2 limestones of Section XVI
(Loc. 870 and 742, respectively), No. 1 limestone of Seetion XXVI (Loec. 750), No. 1
limestone of Section XXVII (Loc. 1), and Loec. 233 and 768.

Yabeina pinguis TORIYAMA, n. sp.
Pl 47, figs. 1-9

The shell of Yabeina pinguis TORIYAMA, n. sp. is farily large and globose
fusiform, with nearly straight to somewhat arching axis of coiling, straight to
convex lateral slopes, and broadly rounded poles. The holotype specimen of fifteen
volutions is approximately 5.6 mm in length and 4.7 mm in width, with a form ratio
of 1.2. The first volution is nearly spherical. Beyond the second or third volution
the shell assumes its mature shape. Average ratios of the half length to the
radius vector of the first to sixteenth volution are 1.0, 1.1, 1.2, 1.3, 1.3, 1.3, 1.3,
1.2, 1.3, 1.3, 1.3, 1.2, 1.2, 1.2, 1.2, and 1.2, respectively, in three specimens including
the holotype.

The proloculus is rather small and almost spherical to nearly rectangular.
The outside diameter of the spherical proloculus is 230 to 362 mierons, averaging
277 microns for eight specimens. The maximum and minimum diameters of a
typical rectangular proloculus are 444 and 175 microns, respectively. The shell
slightly more tightly coils in the inner four to five volutions than in the outer
ones where it expands nearly uniformly. Average radius vectors of the first to
sixteenth volution of eight specimens are 200, 277, 365, 472, 586, 720, 860, 1,027,
1,194, 1,342, 1,494, 1,683, 1,882, 2,078, 2,287, and 2,410 microns, respectively. The
chambers are almost the same in height throughout the length of the shell.

The spirotheca is very thin and very finely alveolar. The alveoli are discern-
ible in the outermost volution. The thickness of the spirotheca at the thinnest
point between adjacent septula averages 10, 10, 11, 11, 12, 12, 12, 13, 13, 13, 14,
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14, 14, 15, and 15 microns, respectively, in the first to fifteenth volution of eight

specimens.

The septa are thin and numerous, although their exact number is hard to be
counted. Average septal counts of the first to fifteenth volution of three speci-
mens are 7, 11, 18, 13, 14, 15, 17, 18, 18, 20, 21, 23, 25, 25, and 28, respectively.

Table 89. Table of Measurements (in Millimeters) of Yabeina pinguis TORIYAMA, n. sp.

Specimen Loec. Rg.No. PL fig. L. Ww. R. Prol.
1* 765C 2279 47 1 5.60 4.70 1.2 B8 x
2 233 2144 47 2 6.0+ 4.3+ 1.4 .280
3 2 2108 47 3 7.0+ 5.5+ 1.3 AT x
4 2 2108 47 5 x 2.9+ x .230
5 233 2145 47 7 x 4.5+ x .232
6 765B 2265 47 8 x 4.46 x .244
Max. 444
Min. 175
.277
Aver. { 8
Speci- Radius vector
mn.- 4 2 3 4 5 6 7 8 9 10 11 12 18 14 1 16 17 18
1% 220 297 .38 .482 .592 .727 .867 1.027 1.165 1.327 1.505 1.723 1.931 2.115 2.324
2 .200 .261 .338 .445 .540 .662 .791 .942 1.082 1.226 1.373 1.533 1.726 1.930 2.146 2.310
3 .21 .338 .417 .527 .635 .750 .868 1.069 1.220 1.380 1.533 1.717 1.900 2.080 2.270 2.510 2.760 3.000
4 190 .251 .330 .433 .571 .720 .877 1.064 1.250 1.440
5  .178 .254 .350 .439 .537 .674 .813 .966 1.140 1.320 1.500 1.700 1.902 2.120 2.356
6  .202 .279 .371 .470 .574 .705 .858 1.020 1.202 1.380 1.550 1.748 1.962 2.146 2.340
Max. .220 .338 .417 .543 .683 .826 .975 1.150 1.360 1.440 1.533 1.748 1.962 2.146 2.356
Min. .153 .230 .330 .433 .537 .662 .791 .942 1.082 1.226 1.373 1.533 1.726 1.930 2.146
Avep, {200 277 865 472 586 720 860 1.027 1194 1.342 1494 1.683 1.882 2.078 2.287 2.410
er'{8888888887666552
Speci- Thickness of spirotheca
mn- 9 1 2 8 4 5 6 7 8 9 10 1 12 18 14 15 16 17
1*  — .010 .011 .011 .012 .013 .013 .013 .013 .014 .015 .014 .013 .013 .016
2 — 011 .011 .012 .013 .013 .013 .013 .013 .014 .014 .014 .013 .015 .017 .015
3 —  .010 .009 .010 .012 .012 .010 .01l .012 .011 .012 .014 .013 .013 .015 .014 .013 .014
4 010 .010 .010 .011 .010 .012 .012 .013 .013 .013 .015 .015
5  .011 .009 .009 .010 .010 .012 .013 .013 .013 .013 .012 .018 .014 .015 .04 —
6  .010 .009 .010 .0J1 .01l .01l .012 .01l .01l .013 .013 .0l4 .014 .013 .014 —
Max. .011 .0l11 .011 .012 .013 .013 .014 .014 .013 .0l4 .015 .015 .015 .015 .017
Min. .010 .009 .009 .009 .010 .011 .010 .011 .0I1 .011 .012 .013 .013 .01 .014
Avep, 010 010 010 .011 .011 012 .01z .012 .018 .013 .013 .04 .014 014 015 .015
4 8 8 8 8 8 8 8 8 8 8 8 6 6 5 2

* Holotype specimen
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Ratio of HIL./Rv.

Specimen
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1* 1.1 1.2 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.4 1.4 1.3 1.3 1.3
2 1.1 1.2 1.4 1.4 1.4 14 1.4 1.3 1.4 1.3 1.3 1.2 1.2 1.2 1.2 1.3
3 0.7 0.8 1.0 1.1 1.1 1.2 1.2 1.1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.1
Aver. 1.0 1.1 1.2 1.8 1.3 1.3 1.2 1.3 1.3 1.3 1.2 1.2 1.2 1.2 1.2
Septal count
Specimen
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
4 8 11 13 12 13? 14? 15 17 18 18?
5 6 11 13? 157 157 177 20? 207 197 20?7 207 22?7 23?7 22?7 237
6 7 11 12 13 187 147 16?7 18?7 18? 21? 22 237 267 287 —

Aver. 7 1 183 13 14 15 17 18 18 20 21 23 25 25 23
* Holotype specimen

The upper half of the septa are composed of the tectum and the downward exten-
sion of the keriotheca, while the basal half of most of the septa is composed of
dense materials and sharply bends anteriorly with a high angle. The axial septula
are numerous and present throughout the shell. There are one to two axial sep-
tula between adjacent septa in the inner four to five volutions, three to six in
the fifth to tenth, and four to seven in the outer volutions. They are not the
same in length and profile, and are thinning at the tops and the bases, but thick-
enning at the middle, resulting in that most of them are pendant club-shaped in
profile. The primary spiral septula occur throughout the shell. The secondary
spiral septula first appear in the second to fourth volution, although they are very
short and primitive. In the outer volutions one to two secondary spiral septula
intercalate between the primary ones. In some of the primary and secondary spiral
septula the fine alveoli are clearly seen, arranged in fan-shape.

The foramina are small and nearly circular to elliptical in cross section.
Although their exact number is hard to be measured, about 18 and 87 foramina
respectively are observed in the sixth and tenth volutions of the holotype specimen.

Remarks.—Yabeina pinguis TORIYAMA n. sp. is closely allied to Y. shiratwensis
OZAWA in many respects, especially in the shell size, the rate of expansion, the
spirothecal structure and the septal arrangements. However, strictly speaking,
some differences are found between these two species; namely, (1) the shell of Y.
pinguts n. sp. is more globose, (2) the proloculus is slightly smaller, (3) the spiro-
theca is slightly thicker, and (4) the septula seemingly are a little primitive in
development—the maximum number of the axial septula is 2 in the inner four
volutions of this form, while it is 4 in those of Y. shiraiwensis, and 7 in the outer
five to eight volutions of the former, while 8, rarely 9, in the outer five to six
volutions of the latter. So far as this character is concerned, Y. pinguis and Y.
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yasubaensis are reverse in the direction of the evolutionary development with Y.
shiraiwensis between them: in another words, these three species seemingly are
in a series of the evolutionary development and they are biologically closely
related with one another.

The table 90 shows the comparison of Y. pinguis, Y. shiraiwensis and Y.
yasubaensis.

Table 90. Showing the comparison of Yabeina pinguis, Y. shiraiwensis,
and Y. yasubaensis

Y. pinguis Y. shiraiwensis Y. yasubaensis
Length in mm 6.0—7.0 5.3—6.9 6.5—8.2
Width in mm 4.3—5.5(7) 3.1—4.6 3.2—4.8
Form ratio 1.2—1.4 1.5—1.7 1.6—2.2
Number of volution 13 (7)—18 12—16 1116
Prolocul Min.—Max. 175—444 190—396 362—534
rolocuius Aver. 217 301 413
Average radius vector 5th vol. 586 622 764
at the 10th vol. 1.342 1.366 1.586
Spirothecal thickness 5th vol. 13 10 11
at the (Holotype) 10th vol. 15 12 12
1-2 vols. 2 2 3
Maximum number of 3-5 vols. 3 4 5
axial septula in the 6-10 vols. 6 6 6
11-last vols. 7 8(9) 8(9)

Occurrence.—Yabeina pinguis TORIYAMA, n. sp. is restricted to the Pua subzone
in the stratigraphieal occurrence, and is found only in the No. 1 limestone of Sec-
tion XV (Loec. 765) and Loe. 2 and 233.

Yabeina sp. A
PlL. 47, figs. 9-14

Several specimens of this form have been obtained from the limestones refer-
able to the Yabeina shiraiwensis zone of the Akiyoshi limestone group. Although
they are not sufficient for the detailed description of this form, I give the follow-
ing description and illustrate some of them for the sake of completeness.

The shell of Yabeina sp. A is moderate in size and highly inflated, with almost
straight axis of coiling, exclusively convex lateral slopes and broadly rounded
polar extremities. The largest specimen of sixteen volutions is approximately 7.0
mm long and 5.4 mm wide, giving a form ratio of 1.3. The first one to two volu-
tions are short ellipsoidal. Beyond the second or third volution to maturity the
shell retains almost the same axial profile. Average ratios of the half length to
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the radius vector of the first to sixteenth volution for four specimens are 1.2, 1.3,
14,14, 14,1414,14, 1.4, 14, 1.3, 1.3, 1.3, 1.4, 1.8, and 1.2, respectively.

The proloculus is rather small for the size of the shell and is spherical in
shape, with an outside diameter of 172 to 805 microns, averaging 218 microns for
nine specimens. The shell expands slowly in the inner five to six volutions and
slightly more rapidly and almost uniformly from there to maturity. Average
radius vectors of the first to sixteenth volution in nine specimens are 166, 232, 314,
397, 500, 617, 743, 886, 1,035, 1,186, 1,359, 1,563, 1,767, 1,930, 2,199, and 2,513 microns,
respectively.

The spirotheca is thin and finely alveolar. The alveoli of the keriotheca are
clearly observable throughout the length of the shell. The thickness of the spiro-
theca measured at its thinnest point between adjacent septula in the first to
fifteenth volution of five specimens averages 8, 9, 10, 10, 11, 11, 12, 12, 11, 12, 12,
13, 13, 13, and 14 microns, respectively.

The septa are composed of the downward deflection of the tectum in the
middle and downward extension of the keriotheca on either side of the tectum.
The septal count is not known exactly due to the presence of numerous axial sep-
tula. There are approximately 6, 12, 13, 12, 14, 16, 19, 19, 19, 20, 23, 21, 25, 23, 23,
and 24 septa, respectively, in the first to sixteenth volution of one of the illus-
trated sagittal section. The axial septula occur throughout the shell. One to
three axial septula are present between adjacent septa in the inner six or seven
volutions and three to five, rarely six, in the outer volutions. The axial septula
vary considerably in length and shape even in one chamber. Some of them are
considerably long with solidified tips, while others are very short, being only low
pendant ridge from the lower surface of the keriotheca. The primary spiral sep-
tula occur throughout the shell. Most of their lower surfaces are in contact with
the tops of the parachomata. The secondary spiral septula first appear in the
sixth or seventh volution, and in the outer volutions usually one, very rarely two,
secondary spiral septula occur between the adjacent primary ones.

The foramina are small and elliptical in eross section. Their exact number is,
however, difficult to be counted, because exactly oriented axial section is not
available in the present collection.

Remarks.—Yabeina sp. A is almost identical with Y. columbiana (DAWSON) in many
important characteristics and is perhaps conspecific with that species, although
sufficient information is not available from the present materials for the detailed
comparison.

KANMERA (1954) recently described in very detail and illustrated beautiful
specimens of Y. columbiane from the Upper Permian Kuma formation which, as
pointed out by him, slightly differ from the British Columbian form. The Akiyoshi
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Table 91. Table of Measurements (in Millimeters) of Yabeina sp. A
Specimen Loc. Rg.No. PL fig. L. w. R. Prol.
1 765C 2275 47 9 6.97 5.36 1.3 .232
2 2 2110 47 10 5.8+ 4.1+ 1.4 .219
3 765B 2264 47 11 3.35 2.88 1.2 180
4 765C 2274 47 13 X 5.04 X .256
5 2 2106 47 14 X 3.20 X .305
Max .305
Min. 172
.218
Aver. {T
Speci- Radius vector
men 1 2 8 4 5 6 7 8 9 10 1 12 18 14 15 16
1 .200 .276 .359 .470 .599 .751 .908 1.088 1.2817 1.474 1.674 1.840 2,008 — 2.382 2.585
2 175,245 341 .440 .546 .650 .742 .880 1.024 1.165 1.333 1.533 1.720 1.880 2.020
3 144,205 .291 .368 .463 .574 .705 .864 1.000 1.184 1.361
4 .190 .251 .332 .427 .531 .638 .760 .892 1.067 1.226 1.382 1.582 1.772 1.980 2.195 2.440
5 .205 .280 .346 .418 .505 .613 .736 .890 1.058 1.140 1.306 1.467
Max. .205 .280 .359 .470 .599 .751 .908 1.088 1.281 1.474 1.674 1.840 2.008 1.980 2.382 2.585
Min 116,170 .230 .807 .401 .525 .660 .800 .935 1.070 1.230 1.400 1.570 1.380 2.020 2.440
Aver .166 .282 .314 .397 .500 .617 .743 .886 1.035 1.186 1.859 1.563 1.767 1.930 2.199 2.513
: { 9 9 9 -9 9 9 9 9 9 9 7 5 4 2 3 2
Speei- E‘hickness of spirotheca -
men 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 .009 .010 .011 .010 .012 .012 .013 .013 .010 .013 .012 .013 .015 .013 .014 .014
2 — .008 .010 .010 .010 .010 .010 .010 .011 .011 .011 .014 .013 .013
3 — — .011 .010 .010 .011 .012 .012 .011 .012 .011
4 .010 .009 .010 .010 .010 .012 .011 .013 .012 .011 .012 .012 .012 .012 .013 .013 .013
5 .008 .009 .010 .011 .011 .012 .013 .011 .012 .013 .012 .013 —
Aver. .008 .009 .010 .010 .011 .011 .012 .012 .011 .012 .012 .013 .013 .013 .014 .014
Speci- Ratio of HI./Rv.
men 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 09 10 10 11 1,1 1.1 1.1 1.1 1.1 1.1 11 1.2 1.2 — 1.2 1.2
2 1.6 1.6 15 1.5 1.4 1.4 14 14 1.4 1.4 1.4 1.4 1.4 1.4 1.4
3 1.1 1.2 1.3 1.4 14 14 1.5 16 1.6 1.5
Aver { 1.2 1.3 1.4 1.4 14 14 14 14 14 1.4 1.3 1.3 1.3 1.4 1.3 1.2
: 4 4 4 4 4 4 4 4 4 4 2 2 2 1 2 1
Speci- Septal count
men 2 38 4 5 6 7 8 9 10 11 12 13 14 15 16
4 6 12 13 12 14 16 19 19 19 20 23 21 25 23 23 24
5 7 18?2 13 14?7 16? 18? 16? 167 177 197 22?
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form agrees with the Kuma one in the shell form, the prolocular size and the rate
of expansion, and seemingly with the British Columbian form in the septal struec-
tures.

Future study on more sufficient materials seems necessary for the final specific
determination of this species.

Occurrence.—Yabeina sp. A has been found in the No. 1 limestone of Section XXVII
(Loc. 1) and in huge limestone boulders of the limestone conglomerate of Loc. 765
(No. 1 limestone of Section XV), and Loc. 2 and 233, all of them are referred to
the Pua zone.

Subfamily SUMATRININAE KAHLER and KAHLER, 1946
emend. KANMERA, 1957
Genus Afghanella THOMPSON, 1946
Afghanella schencki THOMPSON
Pl. 48, figs. 1-10

1946. Afghanella schencki THOMPSON. Jour. Paleontology, Vol. 20, No. 2, pp. 153-155, Pl. 25,
1956. fl:gf;h;;lzl.a schencki CHEN. Palaeontologia Sinica, New Sef. B, No. 6, pp. 67, 68, P1. XII,
figs. 4-9.

As the genotype of the genus Afghanella THOMPSON, A. schénclci, was described
by THOMPSON (1946) very much in detail and the Akiyoshi specimens are almost
identical with the original type from the Bamian limestone of Afghanistan, fur-
ther discussion seems unnecessary here, except for giving the statistical data of

the Akiyoshi form.

Occurrence.—Afghanella schencki THomMPSON is found only in the Nos. 4 and 5
limestones of Section I (Loc. 286 and 287, respectively) and No. 8 limestone of Sec-
tion X (Loc. 567). The stratigraphical range of this species is of the Pma to Pmj
subzone in the Akiyoshi limestone group.

Table 92. Table of Measurements (in Millimeters) of Afghanella schencki THOMPSON

Specimen Loc. Rg. No. PL fig. L. w. R.
1 567 2020 48 1 4.02 2.45 1.7
2 567 2019 48 2 3.35 1.72 2.0
3 Hastmmoro’s  6C*-1 48 3 4.834+ 2.46+ 1.8
4 567 2013 48 4 X 2.24 x
5 567 2027 48 5 X 1.86 x
6 287 2173 48 6 X 1.8+ X
7 287 2172 48 7 x 1.85+ X

* 6C in HASHIMOTO’s collection is the same locality as Loc. 287.
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Radius vector
Specimen  Prol.

1 2 3 4 5 6 7 8 9 10 1 12

1 .110 .098 .121 .175 .243 .307 .386 .490 .610 .772 .920 1.070 1.230
2 .16+ 110 .153 .233 .322 .418 .550 .692 .840 .990 1.130
3 .159 .123 .172 .239 .320 .424 .555 .686 .852 1.021 1.190
4 .14+ 104 .162 .230 .307 .421 .531 .674 .858 1.03¢4 —
5 .142 107 .159 .224 .307 .411 .522 .693 .834 .984
6 .17 .123  .197 .279 .368 .480 .620 .768 .920
7 109 .100 .150 .211 .290 .380 .485 .610 .740 .891 1.030
Max. .206 .138 .224 .297 .368 .510 .650 .768 .998 1.200 1.430
Min. .086 .072 .110 .160 .224 .300 .383 .490 .610 .772 .920
Aver. { .136 .103 .158 .221 .305 .402 .517 .649 .784 .943 1.099
29 3 3 33 33 383 382 29 25 21 9
Thickness of spirotheca
Specimen
0 1 2 3 4 5 6 7 8 9 10 11 12
1 .008 .007 .006 .007 .007 .009 .007 .008 .008 .011 .009 .009 .011
2 — .005 .004 .006 .008 .007 .008 .008 .010 .011
3 .009 .007 .008 .009 .009 .009 .009 .009 .010 .010 .011
4 .009 .008 .007 .007 .007 .008 .008 .010 .010 .010
5 — - — .008 .008 .009 .010 .009 .008 .010
6 .008 .006 .006 .008 .008 .008 .009 .009 .010
7 — .007 .007 .008 .008 .008 .008 .009 .009 .010
Max. .009 .008 .008 .009 .009 .009 .010 .010 .010 .011
Min. .008 .005 .004 .006 .007 .007 .007 .008 .008 .010
Aver. { .008 .006 .007 .008 .008 .008 .008 .009 .009 .010
4 7 8 8 8 8 8 8 8 7
Ratio of HL/Rv.
Specimen
1 2 3 4 5 6 7 8 9 10 11 12
1 1.2 14 15 16 1.7 1.8 18 19 — 1.8 1.7 1.7
2 1.5 1.8 16 1.6 1.6 1.6 1.6 1.7 1.7
3 1.2 20 2.1 21 21 1.8 1.8 1.8 1.8 1.8
Max. 1.6 2.0 21 21 21 20 20 19 19 18 1.7
Min. 1.2 10 1.1 1.2 13 1.4 14 14 15 1.6 1.6
Aver { 1.4 16 1.7 1.7 1.7 1.7 1.7 1.7 1.6 1.7 1.7
: 6 8 9 10 10 10 9 9 6 3 2
Septal count
Specimen
1 2 3 4 5 6 7 8 9
4 — — 17 15 16 19 21 217 24
5 7? 13 17 20 21? 23? 267 27?
6 8 13 16 19 19 19? 21?7
7 7 11 15 15 17? 147 17 18?7 —_

Aver. 7 12 16 17 18 19 21 22 24
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Afghanella ozawai HANZAWA
Pl. 48, fig. 11-17

1925. Yabeina schellwieni OZAWA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XLV, Art. 6, pp. 60,
61, Pl. X, figs. 3a, 4.

1927. Cancellina schellwieni OZAWA. Jour. Fac. Sci. Imp. Univ. Tokyo, Sec. II, Vol. I, Pt. 3,
p. 161, Pl. XXXIV, fig. 18; Pl. XLIV, fig. 1b; PL. XLV, fig. 8.

1954. Afghanella ozawai HANZAWA. Japan. Jour. Geol. Geogr., Vol. XXIV, pp. 3-7, PL I, PL
II, figs. 1-3.

The shell of Afghanella ozawai HANZAWA is small for the genus and inflated
fusiform, with straight axis of coiling, gently convex to very slightly concave
lateral slopes, and bluntly rounded poles. One of the illustrated axial section (Pl.
48, fig. 11) is approximately 3.7 mm in length and 1.9 mm in width, giving a form
ratio of 1.9. The first one or two volutions are seemingly ellipsoidal, and beyond
the second or third volution the axis becomes gradually extended, resulting in
that the shell retains almost the same axial profile. Average ratios of the half
length to the radius vector of the first to eighth volution for eight specimens are
1.8, 14, 1.7, 1.8, 1.8, 1.8, 1.9, and 1.9, respectively.

The proloculus is small and spherical, with outside diameters of 90 to 190 mic-
rons, averaging 123 microns for fourteen specimens. The shell expands very slowly
in the inner four volutions and slightly rapidly and almost uniformly from the
fifth volution to maturity. Average radius vectors of the first to ninth volution
of fifteen specimens are 95, 140, 183, 259, 339, 437, 526, 670, and 755 microns, respec-
tively. The chambers are nearly the same in height throughout the length of the
shell except in the very extreme polar regions.

The spirotheca is thin and seemingly composed of the tectum and very finely
alveolar keriotheca. The alveoli are not discernible in the inner volutions but
become clear at least in some part of the outer volutions. The thickness of the
spirotheca is difficult to be measured exactly. Approximate thickness measured
at the thinnest part between septula averages 7, 7, 7, 8, 8, 8, 9, 9, and 10 microns,
respectively, in the first to ninth volution of six specimens. The proloculus wall
is very thin, having an average thickness of 7 microns in five specimens. ‘

The septa are formed of the downward deflection of the tectum and the
anterior and posterior downward extension of the keriotheca. The lower half to
two-thirds of most of the septa are solidified and pendant-shaped in cross section.
The tips of the septa are often bending anteriorly at considerable high angles.

The axial septula begin to appear in the third or fourth volution where they
are very primitive in development, being represented by only low ridges on the
lower surface of the spirotheca. They become distinct in the fifth or sixth volu-
tion where they are short and pendant-shaped in cross section. One, very rarely
two, axial septula occur between adjacent septa in the outer volutions.
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Table 93. Table of Measurements (in Millimeters) of Afghanella ozawai HANZAWA

Specimen Loe. Rg. No. Pl fig. L. Ww. R.
1 567 2023 48 11 3.70 1.93 1.9
2 287 2178 48 12 2.8+ 1.36 2.1
3 567 2019 48 13 2.11 1.29 1.6
4 567 2027 48 14 1.83 0.95 1.9
5 287 2178 48 16 X 0.92 X
6 287 2178 48 17 X 1.38 X
Radius vector
Specimen Prol.
1 2 3 4 5 6 7 8 9 10 11
1 ‘15x.100 .141 .193 .261 .365 .494 .635 .797 .960
2 .100 .082 .112 .151 .200 .273 .360 .445 .540 .682
3 .190 .138 .205 .204 .386 .498 .613
4 .138 .098 .150 .205 .285 .374 .469
5 -101%.101 .130 .175 .230 .300 .381 .485
6 — — .138 .187 .261 .338 .411 .546 .635
Max 190 .138 .205 .294 .386 .498 .613 .748 .890 .960
Min .090 .075 .102 .145 .200 .260 .330 .412 .540 .630
Aver. .123 .095 .140 .183 .259 .339 .437 .526 .670 .755 .900 1.070
14 14 15 15 15 15 13 11 6 4 1 1
Thickness of spirotheca
Specimen
0 1 2 3 4 5 6 7 8 9 10
1 .0097 .008 .007? .008 .008 .009 .009 .008 .009 .010
2 .008 .006 .007 .007 .008 .008 .008 .008 .008 .010 .010
3 .005 .006 .006 .006 .008 .006 .009 .010
4 .008 .006 .006 .007 .008 .008 .008
5 .005 .007 .007 .007 .007 .009 .008
6 — — .006 .005 .007 .007 .008 .008 .010
Aver. .007 .007 .007 .007 .008 .008 .008 .009 .009 .010
Ratio of HI./Rv.
Specimen
1 2 3 4 5 6 7 8 9
1 1.0 1.6 1.8 2.0 1.9 1.9 2.0 2.0
2 1.2 1.2 1.6 1.9 2.0 1.8 1.8 1.8 1.8
3 1.6 1.5 1.5 1.6 1.6 1.6
4 1.3 1.5 1.5 1.4 1.5 1.6
Max. 1.6 1.6 2.3 2.3 2.0 2.0 2.0 2.0
Min, 1.0 1.2 1.5 1.4 1.5 1.6 1.8 1.8
1.3 1.4 1.7 1.8 1.8 1.8 1.9 1.9 1.8
Aver. { 7 3 8 8 7 7 3 3 1
Septal count
Specimen
1 2 3 4 5 6 7
5 6 13 15 18 20 22?7
6 — — 15 16 19 20 20
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The primary spiral septula occur throughout the shell, probably except in the
first volution. They are, however, rather primitive, being the short downward
deflection of the spirotheca and not pendant-shaped in cross section. The lower
edges of most of the primary spiral septula are in contact with the parachomata
which seem to be massive. The secondary spiral septula do not occur at least in
the inner four to five volutions and are very primitive in the outer volutions.
They are also not pendant-shaped in cross section but are low triangular or semi-
elliptical ridges on the lower surface of the spirotheca.

The foramina are not observable in the inner volutions but become more or
less distinet beyond the sixth volution. Their exact number is not counted with
certainty.

Remarks.—Due to the insufficiency of the materials at my disposal, this form was
left unnamed and was only listed as Afghanella sp. A in the Parts I and II (the
stratigraphical part) of this study. However, later studies on this form have
demonstrated that it is almost identical with A. ozawai recently established by
Hanzawa (1954). The latter species is, as discussed by HANzAwA, distinguished
from A. schencki THOMPSON by its generally smaller size of the shell, slower rate
of expansion, and later appearance of the axial and the secondary spiral septula.
Although HaNzAawA stated that the insertion of the secondary spiral septula first
takes place in the eighth volution in A. ozawai, his illustrations show that it
occurs earlier—in the seventh volution of fig. 1 of Pl. I and in the fifth volution
of fig. 3 of the same plate. The secondary spiral septula become distinet in the
fifth or sixth volution of the Akiyoshi specimens in the present collection and also
in the sixth volution of the Ozawa’s illustration (fig. 4 of Pl. X).

Biologically speaking this species is considered to be more primitive than A.
schencki in any respect, although these two species occur together.

Because Hanzawa did not designate the type specimen for his species and the
species was named after the late Dr. Ozawa, the OzawA’s specimen illustrated as
fig. 4 of Pl. X should naturally be designated as the lectotype. However, unfor-
tunately to us, that specimen is missing from his collection kept in the University
of Tokyo. To avoid future confusion, therefore, it seems advisable to designate
the HANZAWA’S specimen (IGPS coll. cat. no. 711) illustrated as fig. 1 of Pl. I (also
fig. 8 of Pl. II) as the neotype of this species.

Occurrence.—Afghanella ozawai HANZAWA occurs in the Pma and Pmp subzones
and has been found in the Nos. 4 and 5 limestones of Section I (Loc. 286 and 287,
respectively) and No. 8 limestone of Section X (Loc. 567).
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Genus Sumatrina VOLZ, 1904

Sumatrina longissima DEPRAT
Pl. 48, figs. 18-25

1914. Swumatrina longissima DEPRAT. Mém. Serv. Géol. I’Indochine, Vol. III, fase. 1, pp. 36,
37, PL. V. figs. 1-6.

1924. Sumatrina annae COLANI. [partim]. Mém. Serv. Géol. I'Indochine, Vol. XI, fase. 1, Pl
XXI, fig. 12.

1935. Sumatrina longissima, GUBLER. Mém. Soc. Géol. France, No. 26, pp. 130-132, PL V, figs.
1, 2,5, 6, 12, 18; PL VI, fig. 6; PL VII, fig. 9.

1956. Sumatrina longissima CHEN. Palaeontologia Sinica, New Ser. B, No. 6, pp. 70, 71, Pl
VII, figs. 4-6.

The shell of Sumatrina longissima DEPRAT is moderate in size and elongate
cylindrical, with straight, uneven to slightly concave lateral slopes and bluntly
pointed poles. Since completely preserved axial section is not available in my col-
lection the exact axial length is not known. However, a half length and a width of
one of the illustrated axial section (Pl. 48, fig. 18) are 8.94 mm and 1.61 mm, respec-
tively, and those of the other axial section (Pl. 48, fig. 19) are about 4.13 mm and
1.66 mm, respectively. These figures show that the form ratio of this species is
at least 4.9 or so. The shell assumes spherical to subspherical shape in the first
volution and short fusiform in the second volution. Beyond the third volution the
axis becomes extended very rapidly.

The proloculus is medium to rather large in size and spherical to ellipsoidal in
shape, with an outside diameter ranging from about 176 to 432 microns, and
averaging 306 microns for fourteen specimens. The expansion of the shell is very
slow in the inner three volutions and becomes considerably rapid and almost uni-
form from there to maturity. Average radius vectors of the first to seventh
volution of fourteen specimens are 193, 262, 330, 433, 5565, 692, and 826 microns,
respectively.

The spirotheca is extremely thin and seems to consist of a single dense layer.
Although the true thickness of the spirotheca is hard to be measured, it seemingly
does not exceed 11 microns even at the thickest part. Average thickness of the
spirotheca of the first to eighth volution for thirteen specimens is 7, 8, 8, 9, 8, 9,
9, and 10 microns, respectively. The proloculus wall, consisting of a single dense
layer, is seemingly a little thicker than the spirotheca, being 9 to 14 microns in
thickness, and averaging 11 microns in eight specimens.

The septa are formed of the downward deflection of the thin dense layer of
the spirotheca. They are pendant-shaped in cross section, and their lower part is
coated with dense calcite deposits and bends anteriorly at considerable high angles.
Because exactly oriented and well preserved sagittal section is not available, the
geptal count of this form cannot be determined with certainty. There are, how-
ever, about 9, 10, 12, 14, 17, 18, 21, 25, and 26 septa present in the first to ninth
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volution of one of the illustrated sagittal section (Pl. 48, fig. 23).

The axial septula present throughout the shell. Although their number some-
what varies in different chamber, three axial septula appear even in the innermost
volution. Beyond the sixth volution to maturity four to six axial septula occur
between adjacent septa. They are short and nearly the same in shape, being
pendant-shaped in cross section. The primary spiral septula extend down from
the base of the spirotheca. They are in contact with the tops of the parachomata
almost completely across the chambers. The secondary spiral septula also occur
throughout the shell. One to three of them are introduced between each pair of
adjacent primary spiral septula in the inner few volutions, and three to four are
usually in the outer volutions. They are also short and nearly equal in length,
and are pendant-shaped as well as axial septula.

Remarks.—The above description is based entirely on the Akiyoshi specimens
which are agreeable with those deseribed from Cambodge by DEPRAT (1914) and
GUBLER (1935) in almost all the important characteristics except that the former
has larger proloculus and more rapid rate of expansion. So far as these characters
are concerned the species seemingly has a considerable degree of variation within
the species.

In reviewing the species of Afghanella and Sumatrina, HANZAWA (1954) recently
expressed an opinion that Sumatrinag longissima DEPRAT and S. gemmellaroi SIL-
VESTRI should be regarded as a subspecies of S. annae VoLz, because the former
two species are difficult to distinguish from each other in many respects and they
differ from the last named species only in the form ratio.

Biologically speaking, however, S. longissima seemingly is a little more ad-
vanced in the septal structure than S. annae; namely, so far has been described
and illustrated by earlier workers, the maximum number of the axial septula
between adjacent septa is 3 to 5 in S. annae, while it ofen attains 6 in S. longis-
sima ; and, moreover, the axial septula and the secondary spiral septula of the
former are generally slightly longer than those of the latter. Also, these two
kinds of septula are more uniform in length and more typically pendant-shaped in
S. longissima than in S. annae, although the difference is slight.

It seems advisable, therefore, to regard S. longissima and S. annae as two
distinet species, though S. longissima and S. gemmellaroi may probably be con-
specific with each other.

Occurrence.—Sumatrine longissima DEPRAT is only found in the Pua zone in the
Akiyoshi limestone group, and was collected from a huge limestone boulder in the
limestone conglomerate (No. 1 limestone) of Section XV (Loe. 765), No. 1 limestone
of Section XVI (Loe. 870), and Loc. 2, 12, and 768.
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Table 94. Table of Measurements (in Millimeters) of Sumatring longissima DEPRAT

Specimen Loc. Rg. No. Pl fig. L. W. R.

1 768 2321 48 18 7.9+ 1.6+ 4.9

2 7658 2266 48 19 8.3+ 1.7+ 5.0

3 12 2107 48 20 5.4+ 1.18 4.6

4 768 2314 48 21 3.6+ 1.19 3.0

5 765B 2264 48 22 X 1.51 X

6 370 2200 48 23 X 2.25 X

Radius vector
Specimen Prol.
1 2 3 4 5 7 8 9

1 .424 .285 .332 .401 .530 .690 .828

2 210 .163 .214 .296 .370  .480 .635 .83+

3 .188 .169 .221 .276 .368 .491

4 .432 .276 . 362 .442 .574 —

5 28ox .172 221 .297 454 574 683  —

6 .316 .190 .245 .291 .353 470 .630 .790 970 1.130
Max. .432 .285 .362 .442 574 .690 .828 .970
Min. .176 .130 .184 .261 .350 .470 BT+ .68+
Aver .306 .193 . 262 .330 .433 .5b5 .692 .826 .970  1.130

er { 14 12 14 14 13 10 8 6 1 1

Thickness of spirotheca
Specimen
0 1 2 3 4 5 6 7 8

1 .011 .006 .007 .007 .009 .009 .010

2 009 .007 .009 .009 .006 .007 .007 .007

3 — .008 .009 .009 .009 .009

4 — .008 .008 .009 .011

5 .010 — .007 .008 .008 .009

6 .014 .007 .008 .008 .009 .010 .010 .009 .011
Max. 014 .009 .009 .009 .011 .010 .010 .011
Min. .009 .006 .007 .007 .008 .007 .007 .007
Av { .011 .007 .008 .008 -009 .008 .009 .009 .010

b 8 1 13 12 12 10 7 5 2

Ratio of HI/Rv. Septal count
Specimen
1 2 3 4 5 6 7 1 2 3 4 5 T 8 9

1 1.1 2.7 3856 4.8 4.6 4.9

2 1.2 8.7 8.4 3.6 4.0 4.0 4.2

3 1.2 1.4 3.8 4.9 5.4

4 1.1 1.7 2.7 3.0

6 9 10?7 12?7 147 177 187 21 25?7 26?
Max. 2.0 3.7 38 4.9 5.4 5.6 5.1
Min. 1.1 1.4 2.7 8.0 4.0 4.0 4.2
Aver {1.4 2.5 8.2 4.1 4.7 4.8 4.6

: 6 6 6 5 3 3 2
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Sumatrina annae VOLZ
Pl. 48, figs. 26-33

1904. Sumatring annae VorLz. Geol. u. Paldont. Abhandl. N. F. Bd. VI, Heft 2, pp. 98-100,
text—figs. 27-31.

1906. Neoschwagerina annae YABE. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XXI, Art. 5, PL
II, fig. 4.

1906. Sumatrina aennae DouviLLE. Bull. Soc. Géol. France, 4e Sér. Tome VI, Pl. XVIII, fig.

3.

1912. Neoschwagerina (Swmatrina) annae DEPRAT. Mém. Serv. Géol. 'Indochine, Vol. I, fase.
3, pp. 56, 57, Pl. V, figs. 1-8; text-figs. 30a-h.

1924, Sumatrina amnae COLANI Mém. Serv. Géol. 'Indochine, Vol. XI, fase. 1, pp. 150-152,
Pl XX, fig. 20; Pl. XXI, figs. 1-8, 10-13, 16-28.

1925. Sumatrina annae OzawA. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. XIV, Art. 4, PL II,
figs. 11, 122.

1925. Sumatring annae OZAWA. Jour. Coll. Sei. Imp. Univ. Tokyo, Vol. XIV, Art. 6, p. 64,
PL 1, figs. 1b; PL X, fig. 8.

1935. Sumatrina annae GUBLER. Soc. Géol. France, Mém. No. 26, pp. 127-130, Pl. V, figs. 8, 11.

1937. Sumatrina annae THOMPSON & FOSTER. Jour. Paleont., Vol. 11, No. 2, pp. 143, 144, PL

23, fig. 13.
1951. Sumatrina annae THOMPSON. Contrib. Cushman Found. Foram. Research, Vol. 2, PL 9,

figs. 4, 5.
1954, Sism;r;a annae HANZAWA. Japan. Jour. Geol. Geogr., Vol. XXIV, pp. 7-13, PL II, fig.
1956. é,unsit:zlfrfa annae CHEN. Palaeontologia Sinica, New Ser. B, No. 6, pp. 69, 70, Pl VII,
figs. 7, 8.

The shell of Sumatrina annae VOLZ is rather small and elongate fusiform
with almost straight to slightly arching axis of coiling, gently convex to slightly
irregular lateral slopes, and bluntly pointed poles. Mature shell of seven to eight,
rarely eight and a half, volutions is 4.5 to 5.7 mm long and 1.3 to 2.1 mm wide,
attaining a form ratio of 2.4 to 3.4. The first volution is subspherical to short
ellipsoidal in shape, and the axis becomes extended rapidly from the second volu-
tion. Average ratios of the half length to the radius vector of the first to eighth
volution in ten specimens are 1.8, 2.2, 2.6, 2.8, 8.0, 3.0, 3.1, and 8.0, respectively.

The proloculus is spherical to ellipsoidal, and considerably varies its diameter
in individuals. The outside diameter is ranging from 160 to 380 microns, averaging
243 microns in forty-one specimens. The shell expands rather slowly in the inner
three to four volutions and more or less rapidly and almost uniformly beyond the
fourth or fifth volution to maturity. Average radius vectors of the first to eighth
volution of forty-two specimens are 164, 225, 287, 373, 472, 594, 731, and 877 mie-
rons, respectively.

The spirotheca is exceedingly thin, and seemingly consists of a single dense
léyer‘ in which no alveolar-like structure is observed. Although the true thickness
of the spirotheca is rather diffiult to be measured, approximate thickness of Spiro—
theca in the first to eighth volution in fourteen specimens averages 8, 8, 9, 9, 9,
10, 10, and 10 microns, respectively. It seemingly does not exceed 14 microns. even



Geology of Akiyoshi

259

Table 95. Table of Measurements (in Millimeters) of Sumatrine annae VOLZ

Radius vector

Specimen Loec. Pl fig. L. W. R. Prol.
1 2 3 4 5 6 1 8
1 127 48 26 5.74 1.82 8.2 -Zllx.153 .196 .264 .356 .480 .61+ .740 .890
2 54 48 27 3.53 1.41 2.5 -Zl1x.166 .224 .282 .350 .440 .546 .671 .775
3 54 48 28 4.18 1.67 2.5 :293x.141 .187 .248 .335 .450 .555 .677 .825
4 54 48 29 4.0+ 1.50 2.7 -320x.233 .294 .368 .469 .595 .720
5 54 48 30 x 257 x -202x.211 .288 .390 .516 .650 .825 .999 1.180
6 54 48 81 x 1.66 x -287x.205 .270 .356 .450 .546 .690 .852
7 54 48 32 x 1.61 x .26 .187 .254 .316 .439 .543 .660 .797
8 54 48 83 x 150 x  -335x.184 .251 .341 .442 .564 .671 .791
Max.  .380 .232 .294 .390 .516 .650 .825 .999 1.180
Min.  .160 .110 .151 .210 .272 .345 .452 .567 .710
Aver, {243 164 .225 .287 .313 .72 .594 .731 .817
" l4 40 39 42 42 41 40 33 21
Thickness of spirotheca
Specimen
0 1 2 3 4 5 6 7 8
1 .010 .007  .009 .008  .010 .009 .009 .009  .009
2 .011 .008  .008  .009  .009  .008 .009 .010 —
3 .009 .008  .007  .007  .007 .007 .009 .009 .008
4 .009 .008 .008 .008  .009 .008 --
5 .010 009 .009  .009  .010 .009 .01 .011 .012
6 .012?  .007  .008  .009  .008  .009 .010 .010
7 .011 .008  .008  .008  .008 .008  .010 -
8 .012 .007  .008  .008  .008 .009  .008 .010
Max. .012 009  .010  .010  .011 .010  .011 .011 .012
Min. .009 .007 .007 007 007 .007 .008  .009  .008
Aver. {.010 .008  .008 .009  .009 .009  .010 .010 .010
13 12 12 14 14 14 12 10 4
Ratio of HI/Rv. Septal count
Specimen
1 2 38 4 5 6 7 8 1 2 8 4 5 6 17 8
1 2.4 29 29 29 32 33 35 385
2 1.3 1.5 1.9 2.1 2.1 2.2 23 23
3 2.0 2.6 2.9 29 29 3.0 2.9 2.7
4 1.2 2.2 27 2.8 31 3.0
5 87 11 16 17 18 20 23 23
6 8 147 — 207 21?7 24 27
7 8?7 137 19?7 197 187 21
8 8 14 167 187 18 21 247
Max. 2.4 29 3.2 36 35 35 37 385 10 14 19 20?7 21?7 24 271 24
Min. 1.2 1.5 1.9 21 21 22 23 283 8 11 14 15 16 17 18 23
Aver. {1.8 2.2 2.6 2.8 3.0 30 3.1 30 8 13 16 17 18 21 23 24
6 7 9 10 9 9 7 4 8 9 8 9 9 8 6 2
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at the thickest part in the outer volutions. The proloculus wall is also thin, with
an average thickness of 10 microns in thirteen specimens.

The septa are typically pendant-shaped in cross section, and their lower part
is mostly solidified and bending anteriorly. The septa are seemingly the same in
structures as those of the spirotheca. Average septal counts of the first to eighth
volution of nine specimens are 8, 18, 16, 17, 18, 21, 28, and 24, respectively.

The axial septula are well developed throughout the growth of the shell. One
to two axial septula occur between adjacent septa of the inner two volutions of
most of the specimens. In the third volution of some specimens three axial septula
are seen between adjacent septa. The maximum number of the axial septula in
the fourth to eighth volution is 3, 8, 5, 5, and 5, respectively. The axial septula
are nearly the same in length and are pendant-shaped in cross section.

The primary spiral septula occur throughout the length of the shell, the lower
surface of which is in contact with the tops of the parachomata across the cham-
bers. The secondary spiral septula hang from the lower surface of the spirotheca.
They are short, pendant-shaped and almost uniform in length throughout all the
volutions. One to two secondary spiral septula are introduced between each pair
of adjacent primary spiral septula in the inner three volutions. Beyond the fourth
volution to maturity one to three of them are usually present. ‘

The axial zone of some specimens is filled with the dense secondary deposits,
but it is not certain that whether they are composed of crowded parachomata or
are true axial fillings.

Remarks.—The above description is based entirely on the Akiyoshi specimens col-
lected from the limestone lenses interbedded in the Shiraiwa formation of the
Tsunemori group.

Recently HANZAWA (1954) has described and illustrated this species from many
localities in the Yamaguchi and Hiroshima Prefectures. Although he discussed in
detail the comparison between the species of Sumatrina found in Japan, and gave
the detailed statistical data of S. annae measured from his specimens, he did not
give the full deseription of this species. The Akiyoshi specimens I am studying
have rather large proloculus and considerably rapid rate of expansion for S. an-
nae. However, as shown in the HANzZAWA’s statistics, this species is rather wide
in the range of the measurable characters, and the present Akiyoshi specimens
seemingly are within the limit of variation of S. annae in all the essential cha-
racters.

Occurrence.—Although Sumatrine annae VoLz has not been found in the Akiyoshi
limestone group yet, it was found abundantly in the limestone lenses of Loec. 127
and Loc. 54 in the Shiraiwa formation of the Tsunemori group. Loc. 127, Hinaga,
Higashi-shibukura, Ominé, Miné-shi is just the same locality of IGPS loc. Ya No.
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7 whence all of the HANzAWA’s illustrated specimens were collected.

Although a part of the Shiraiwa formation is equivalent in age to the Pua
zone of the Akiyoshi limestone group, the species under consideration occurs in
cobbles and boulders of the limestone conglomerate of Loe. 127 and 54. Therefore,
the stratigraphical range of this species is not known exactly.
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- 40. Triticites ozawai TORIYAMA, n. Sp. X 40.]
= 41, Triticites simplex (SCHELLWIEN) O @ ><O X XX 41,
42. Triticites haydeni (OZAWA) X 42.
3 43.  Triticites biconica TORIYAMA, n. sp, | X X 43.
1 44.  Triticites obai TORIYAMA, n. Sp. - B X X| 44.
—— 45. Triticites k ignsis HUZIMOTO em. TORIYAMA X x ) 45,
| 46. Triticites arclica (SCHELLWIEN) O X 46.
b A7.  Triticites kuroi is TORIYAMA, n. sp. i X X X 47.
|- 48, Triticites ellipsoidalis TORIYAMA, n. sp. X X (® 48.
- 49. Triticites sp. A X X . 49.
- 50. Tricites sp. [ X X X 50.
- 51, Dunbarinella cervicalis (LEE) , X 5L
— 52. Dunbarinella densa TORIYAMA, n. sp, X 52.
| 53. Dunbarinella sp. A . 53,
S — 54. Sch ina okafujii TORIYAMA, n. Sp. ) ] O - (® 54.
— 55. Schwagerina etoi TORIYAMA, n. Sp. R X X X IX @) X 55.
| 56. Sch ina () cf. kueichihensis (CHEN) R . : XX 56.
et 57. Schwagerina krotowi (SCBELLWIEN) . x| |X | X{ X X 57.
58. Schwagerina tschernyschewi (SCHELLWIEN) - x| X X X X 58.
—— 59. Schwagerina regularis (SCHELLWIEN) | 59,
I 60. h ina cf. alpina var. rossica (SCHRLLWIEN) 60.
61. Sch ina_cf. otukai (HuziMoTO) X 61}
62. Schwagerina cf. royandersoni THOMPSON, WHEELER & DANNER X %2,
= 63._Sch ina () satoi (OzaWA) X 63.
64. h ina sp. A ) . X X 64.
l— 65. Schwagerina sp. B . 65,
- 66. Sch ina sp. C - X X 66.
-1 b —o~-| 67. Sch 11G -Sp. X X Xl X X X - 67,
— B3, Paraschwagerina (Pamsclewagefim) akiyoshiensis TORIYAMA, n. Sp. x| ) () 68.
| 69.  Pseudosch ina hensis (DEPRAT) . X 69.
L - 70. Pseudosch ina sp. - 70.
71. Nagatoella kobayashii THOMPSON patPal 0>
<-4 72. Nagatoella sp. § X 72.
b 73. Pseudofusulina vulgaris (SCHELLWIEN) X < X XX 73]
_—— 74. Psewdofusulina vulgaris var. globosa (SCHELLWIEN) 74.
75.  Pseudofusulina vulgaris var. megaspherica TORIYAMA, n. var. B X X 75.
—— 76. Pseudofusulina vulgaris var. watanabei (O7AWA em. LEE) at 7.
—— 77.  Pseudofusuline globosa var. exilis TORIYAMA, 1. var. X ! - @ 7.
78. Pseudofusulina kraffti var. magna TORIYAMA, n. var. XIX O@ X X[ X 78.
79.  Pseudofusulina cf. yobarensis (OzAWA) > X| X i 79.
et 80.  Pseudofusulina () isaensis TORIYAMA, n. sp. 3 X1 X 80.
81.  Pseudofusulina ambi, (DEPRAT) . ] | @ X 8L
82. Pseudofusulina @) kyowaensis TORIYAMA, n..Sp. ) ® XX 82.]
A 83, Pseudofusulina sp. ' o
- 84, Purafusulina lutuginl (SCRELLWIEN) X B
] 85. Parafusulina kaerimizensis (OZAWA) X 35.
86. Parafusulina_edoensis (OZAWA) X X X 86.
87. Parafusulina gi; {DEPRAT) X 87.
88. Parafusulina sp. A X 88.
== 89. Parafusuling sp. X X 89.
00. Verbeckina vevbeeki (GEINITZ) j X 90.
— 91. Misellina claudiae (DEPRAT) 91.
92. Misellina_sp. 92,
1 93.  Pseudodolioli dolepida (DEPRAT) ] X 93.
— 94. Pseudodolioling ozawai YABE and HANZAWA ) 94.
i 95. _Pseudodoliolina sp. 95.
. 96. Neoschwagerina craticulifera (SCHWAGER) | 96.
97. Neoschwagerina craticulifera var. haydeni DOUTKEVITCH & KHABAKOV 97.]
— 1 98. Neoschwagerina douvillei Ozawa X[ X 98.
= 199. Neosch na herica DePRAT 99.
=10 100.  Neoschwagerina sp. A [ @)X 100.
- 101. Neoschwagerina sp. . x| X 101.]
1 1102. Yabeina cf. tobleri (LANGE) ) 102.
[ 103. Yabeina shiraiwensis Ozawa O X 0 o0 o/e) 103,
|~ 104. Yabeina b is TORIYAMA O O 104.
I 105. Yabeina pinguis TORIYAMA, n. Sp. X X XX 105.
l—t 106. Yabeina sp. A X X XX 106..
-4 107. Yabeina sp. X 107.
] 108. Afghanella schencki THOMPSON [ 108.
=4 109. Afghanella ozawai HANZAWA 100,
o 110. Afghanella sp. i . 110.
U111, Sumatrina & DEPRAT <X X 111
-1 112, Swmatrina sp. " i ] O 112,
E 's ; E g g g N § ] Upper Yabeina zone 3:abei].ug hi : i i _zone ]’u/t ] | i E | : 111 1T P‘m.
giplE FEI5IE g' 8|8 . ina_douvillei_sub Pmo ' ! ! 1 Pmd
;é H §' ¥ g SIEIE = §' g 5 Middle Neoschwagerina zone Verbeekina verkeeki subzons Pmy t i H Pmy
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L] Sl ] §‘ RS g3 s‘ 5 Parafusuli Parafusulina kaerimi. is_sub! Pmu ] ! i TTe i ! Pm!
y|FE R NHEHE S ore zone Pseudofusulina ambi b Pl T T 111 T T ) T T T ) Piy
s '§. § d E ; 5. 3 § & S Lower Pseudosch ina zone Psflfd:z/ ." vulgaris subzone Pl3 I I T ] 1 I l I : [1] 1 | | I ; | ' | | I [ | HTT I : I J I l ) I I | ' I l ' e’
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Chart 2. Distribution of the species collected from the localities not belonging to any of the Section described in Part | of this paper.

® abundant O common X rare



