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(Contribution from the Department of Geology and Mineralogy
Faculty of Science, Hokkaido University, No. 1136)

Southern Kitakami Mountains have long been considered as one of type areas for
the Japanese Permian.

Fusulinids are by no means uncommon there, however, they are generally so
badly recrystallized and strongly deformed as to prevent detailed palaeontological
investigation on them. Furthermore, fusulinids are more or less confined to limes-
tone facies, and consequently, considerable portion of the Kitakami Permian is
barren in fusulinids, due to its non calcareous facies.

The Kattisawa stage of the Kanokura series is, for instance, almost wholly com-
posed of greenish grey sandstone in the type area. And no fusulinids have been
known to occur in this part of Permian succession in the Kitakami Mountains, apart
from the sporadical occurrence of external moulds of either Monodiexodina or
Parafusulina in sandstone.

During the course of his fossil collections in the Imosawa area in Iwate Prefec-
ture, Dr. K. NakamMURA of the Hokkaido University found exceptionally well pre-
served fusulinids for the Kitakami Permian in a small limestone lens intercalated in
sandstone and shale of the Kattisawa stage. This new finding drew the writer’s
attention. As a part of his detailed stratigraphical investigation on the Permian of
the Southern Kitakami Mountains, the writer made mapping and collection of
fusulinids in the tributary of Imosawa, Yahagi-Cho, Rikuzentakada City, Iwate Pre-
fecture.

Geological structure of the area surveyed is dominated by a syncline running
through the center of the area. The axis of syncline is lifted in the center of
it, where Pseudofusulina bearing relatively thick limestone is exposed. This lime-
stone is correlatable to the upper part of Sakamotosawa series developed in the ad-
jacent Setamai-Yahagi district, from where Misellina cf. claudiae, Pseudofusulina
kraffti, Nagatoella minatoi and others are found.

Near the mouth of the tributary of Imosawa, fine conglomerate, corresponding
to the base of the Kanokura series, is developed. And in the middle to upper tri-
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Fig. 1

Index map.

butary of Imosawa, there develops greenish sandstone of the Kanokura series with
the intercalation of thin limestone beds or lenses bearing abundant fusulinids and
corals. And plentiful brachiopods have been obtained from some horizons in
sandstone.

Iwaizaki stage, the upper part of the Kanokura series, begins from a thin
limstone bed yielding Yabeina (Lepidolina) multiseptata shiraiwensis, Verbeekina
verbeeki and others. Above the limestone, Usuginu type conglomerate, bearing peb-
bles, is often found within very coarse to granule sandstone.

Thus the whole stratigraphical section of the Kattisawa stage bounded from the
Sakamotosawa series and Iwaizaki stage of the Kanokura series is exposed in the
tributary of Imosawa.

Lithologically, the Kattisawa stage is divided into two major parts by the upper
surface of slate bed intercalated in the middle part of the stage..

As to the fusulinids, the following twenty species in all have been discriminated.

Pseudofusulina kraffti (Scuer.LWIEN & DYRENFURTH) (loc. 7)

Pseudofusulina sp. A (loc. 1)

Pseudofusulina sp. B (loc. 4)
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Table 1
AKASAKA AKIYOSHI
Honjo (1959) Hasecawa (1963) KITAKAMI
8 o | Lepidolina shiratwensi
Yabeina globosa Lepidolina shiraiwensis 5@ epz' ? z.na zzmzwerfszs
&M | Lepidolina kumaensis
Gifuella douvillel Gifuella douvillei
Verbeehina verbeeki Pseudodoliolina elongata
Neoschwagerina K
margariae Neoschwagerina hayden: § °
g g
" : sy =] 3
Neoschuagerina Verbeekina heimi g @
craticulifera Neoschw. craticulifera 5’ E
Pseudodoliolina ozawai § .
Monodiexodina matsubaishi
Minoella nipponica Parafusulina Parafusulina
kaerimizensis Ch I
Parafusulina granum- usenecla
avenae Cancellina

Pseudofusulina? sp. A (loc. 3)

Pseudofusulina? sp. B (loc. 10)

Parafusulina motoyoshiensis (Morikawa) (loc. 2, 3, 4, 5, 7, & 8)

Parafusulina iwaizakiensis (Morikawa) (loc. 4)

Parafusulina sp. A (lo.c 5)

Parafusulina sp. B (loc. 5)

Monodiexodina matsubaishi (Huzmvoto) ? (loc. 6)

Monodiexodina sp. (loc. 5)

Chusenella pseudocrassa (IKaNMERA) (loc. 1, 2, 3, 4 & 6)

Chusenella aff. choshiensis Cursaka (loc. 3)

Cancellina sp. (loc. 2)

Pseudodoliolina elongata sp. nov. (loc. 9)

Verbeekina verbeeki (Grinitz) (loc. 10-12)

Yabeina (Lepidolina) multiseptata shiraiwensis (Ozawa) (loc. 10-12)

Codonofusiella explicata Kawano (loc. 2, 3, 4, 7 & 8)

Codonofusiella sp. (loc. 10)

Rauserella alveolaris sp. nov. (loc. 32, 7 & 8)

Their stratigraphic ranges are shown in Text-figure 3.

Besides, the writer found Pseudofusulina fusiformis, Pseudofusulina kraffti,
Nagatoella minatoi, Eoverbeekina? sp. and others from the limestone matrix of
basal conglomerate of the Kattisawa stage developed at Kotsubosawa, Yokota-Cho,
Rikuzentakada City.
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Geological map of  Imosawa
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Fig. 2

Geological map of Imosawa.
Br; ¢ Brachiopod zone” a; Fossiliferous bedded limestone. b, d & f; Greenish
grey medium grained sandstone. c; Fossiliferous impure limestone. ¢ & g; Dark
grey sandy slate bearing small pyrite grains. h, j & m; Greenish grey medium sand-
i; Fine sandstone bearing abundant brachiopods. k; Dark grey compact

stone.
n; Fossiliferous dark grey limestone.

“ fusulina ”’ limestone. 1; Sandy limestone.
o; Very coarse sandstone with pebbles.
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In the tributary of Kattisawa, the writer collected Monodiexodina matsubaishi
and Parafusulina sp. from the stratigraphical position some 30 to 40 m high from
the basal conglomerate of it.

A detailed account on geology and the description of fusulinids of the whole
Permian of the Setamai-~Yahagi district will be presented in an other occasion.

Summarizing all the facts above mentioned, the lower part of the Kattisawa
stage is characterized by the abundant occurrence of Parafusulina, typical Chuse-
nella, and very rare production of Cancellina. 'Therefore this part is correlatable to
Minoella, Neoschwagerina simplex, or Parafusulina kaerimizensis zone in S.W.
Japan.

While the upper part is characterized by the occurrence of Pseudodoliolina
elongata. 'This species is also described from the Atetsu Plateau (Nogamr, 1961),
where it is associated with Neoschwagerina douvillei, Verbeekina verbeeki, and
Pseudofusulina kusamensis. Its horizon in Atetsu is quite identical with that of
Imosawa. Therefore it is quite possible that the portion yielding Pseudodoliolina
elongata at Imosawa is correlatable to Neoschwagerina douvillei-Neoschwagerina
margaritae zone.

Accordingly, the middle portion between the above two zones is correlated to
Neoschwagerina craticulifera zone. 'The Kanokura series in Imosawa district as a
whole is correlated as is shown in table 1.

Before stepping into descritpion, the writer wishes to express his most sincere
thanks to Professor M. MiNaTo of the Hokkaido University for his continuous
guidance and encouragement. He also kindly allowed to use all of his personal
reference library. Thanks are due to Drs. M. Kato and K. Nagamura for their kind
guidance in the field and in laboratory. Especially the former helped me in com-
pleting this manuscript. The writer is also indepted to Drs. S. Honjo, Y. Fuji-
wARA and Mr. S. Kumano for their kind helps in many ways.

Systematic description

Family Ozawainellidae THOMPSON & FosTER, 1937
Subfamily Ozawainellinae THOMPsON & FOSTER, 1937

Genus Rauserella Dunsar, 1944

"I'ype species:  Rauserella erratica DUNBAR, 1944

Generic diagnosis: Shell is minute, irregularly fusiform with irregular axis
of coiling. Inner few volutions are planispiral, and coiled at a large angle to the
later volutions which are in contrast fusiform in shape with irregular coiling.

Septa are straight throughout the shell.

Spirotheca is composed of tectum, and upper and lower tectoria in inner stage,
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while the outer tectum and lower less dense layer corresponding to diaphanotheca
which in some species gradulally changes to keriothecal structure.

Chomata are rudimentarily developed in inner planispiral stage.

Remarks: Rauserella alveolaris sp. nov. described in this article possesses the
wall composed of tectum and keriotheca in outer volutions. The state of transition
from diaphanotheca to faint keriotheca in the wall of the outer volutions is detectable
under high magnification in ill-oriented paralllel sections at hand.

However, so far as the previous diagnosis of genus Rauserella is concerned, it
has never been referred to possess keriotheca in spirotheca.

Therefore the writer first considered the above form differs from Rauserella.
Nevertheless it is still quite possible that it belongs to Rauserella in all available
natures except for the structure of spirotheca.

And moreover, the general evolutionary trend of the fusulinid wall does not
conflict with the fact in the wall in the above mentioned form, as is ascertained in
many genera, Pseudodoliolina, Lepidolina, Codonofusiella (stated in this article), and
S0 on.

Accordingly, the writer here treats this new from as Rauserella, and would like
to correct the previous diagnosis on the structure of spirotheca. The writer con-
siders that the structure of the wall of previously described Rauserella should be
reexamined in future.

The following species of Rauserella have been known until present.
Rauserella erratica DUNBAR 1944

Rauserella fujimotoi KoBavasHi, 1956

Rauserella minuta MigLuctno-Maclay, 1957

Rauserell staffi SKINNER & WILDE, 1966

Rauserella pachytheca Croi, 1970

Rauserella alveolaris Cro1, sp. nov.

Geological distribution ; Neoschwagerina to Yabeina zone.

Geographical distribution ; Japan, Russia (Ussuri territory, Krimea, Caucasus),
and North America.

Rauserella alveolaris sp. nov.

PL 10, figs. 5 & 11; pl 11, fig. 8

Materials : Holotype, UHR 18971 (pl. 10, fig. 5), Paratypes, UHR 18884, UHR
18885, UHR 18887, UHR 18889, UHR 18890, UHR 18897, UHR 18965.
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Diagnosis: 'This new species is characteristic in having minute subcylindrical
shell with planispiral, tight inner volutions, and spirotheca consists of keriotheca
in outer volutions.

Derivation of name: 'This new specific name is referring to the presence of
alveolar structure in spirotheca in the present form.

Description: Shell minute, ellipsoidal to subcylindrical in external shape with
gently concave mid-portion and rounded poles. The shell contains at least six
volutions. The shell of the fifth volution is 3.18 mm long and 1.2 mm wide, giving
form ratio of 2.6. In the inner 24 volutions the shell is planispiral, but beyond that
it suddenly takes ellipsoidal shape with the change of coiling axis and with loose
coiling. 'The height of volution is 0.07 mm to 0.08 mm in the first volution, 0.08
mm to 0.09 mm in the second, 0.11 mm to 0.14 mm in the third, and 0.20 mm in
the fourth.

Proloculus is minute, spherical and measures 0.07 to 0.08 mm in outside dia-
meter.

Spirotheca is composed of tectum, upper and lower tectoria in inner two
volutions, while in the outer composed of thin tectum and lower, massive, homo-
geneous layer, corresponding to diaphanotheca which assumes gradually keriothecal
in structure towards the outer volutions. Spirotheca is very thin in planispiral stage;
5 to 7.5 microns, while it is rather thick in the fourth volution ; 24 to 45 microns.

Septa are straight. The number of septa is 6 in the first volution, 10 in the
second, and 9 to 10 in the outer volutions.

Chomata are feebly present in planispiral stage, but in some specimens they
seem to be lacking.

Tunnel is low and broad. Tunnel angle in the third volution is nearly 90°.

Remarks: At a glance the present form reminds a species of Toriyamaia.
However, the former has tight, planispiral inner volutions which are askew to the
later volutions, and the spirotheca consisting of tectum, upper and lower tectoria.
These characters are lacking in Toriyamaia in which the first and a half volution are
staffelloidal in general shape, and possesses spirotheca consists of tectum and
diaphanotheca. 'Therefore the present form from Kitakami Mountains can not
be placed under the genus Toriyamaia.

On the other hand the present form resembles genus Rauserella in general
appearance. But the structure of the spirotheca in the outer volutions consists of
merely tectum and diaphanotheca. However so far as the general shape and the
characters of inner stage and aberrant outer stage are concerned, it is quite possible
that the present form still belongs to the group of Rauserella.

Rauserella erratica, the type species of genus Rauserella is readilly distinguis-
hable from the present form by the presence of planispiral stage with comparatively
numerous volutions, chomata and the wall structure without keriotheca.

M. Kosavasui (1957) described some Rauserella from Mt. Ibuki, Shiga Pre-
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fecture, Japan. One of them, Rauserella fujimotor is also distinguishable from the
Kitakami form in its small shell, small form ratio, rapid change of coiling axis, and
thin spirotheca.

Rauserella sp. from Iwaizaki, South Kitakami Mountains reported by MoRi-
KAWA (1960), seems somewhat similar to the present form at a glance, but no descrip-
tion and no well oriented illustration of that form are available for making detailed
comparison with this present species in concern.

Family Schubertellidae SkinNer, 1931
Subfamily Boultoninae SKINNER & WILDE, 1954

Genus Codonofusiella DUNBAR & SKINNER, 1937

Type species:  Codonofusiella paradoxica DUNBAR & SKINNER, 1937

Generic diagnosis: Shell is minute, fusiform in the inner volutions. Last
volution is flared and uncoiled. Mature shell possesses 4 to 5} volutions. Inner
few volutions are coiled at a large angle to the later volutions.

Spirotheca is very thin, and composed of tectum and lower dense layer.

In some highly advanced forms, it is composed of tectum and fine keriotheca.

Septa are highly fluted throughout the shell. Chomata are rudimentarily
developed.

Remarks : As already mentioned by the writer (1970), Codonofusiella inuboensis
from Iwaizaki, South Kitakami Mountains, described by himself surely possesses
the wall provided with tectum and fine keriotheca in outer volutions, although he has
not examined the wall of the holotype material of Codonofusiella inuboensis from
Chosi Peninsula, Japan, reported by CHisaka.

As to the wall structure of genus Codonofusiella, it has been generally con-
sidered that it is composed of tectum and lower less dense layer.

However, the newly found fact of the wall structure of Codonofusiella produced
from Iwaizaki, shows that at least in some form of Codonofusiella possesses the wall
composed of tectum and keriotheca, and that it is probable that the same fact will
be found in future in some other highly advanced and well preserved forms.

Codonofusiella is safely discriminated from Lantschichites (= Paraboultonia)
which was first established by Toumanskava as subgenus of Codonofusiella, by
smaller, inflated shell with less intensely fluted septa which in most case does not
show cuniculi of the former,

Geological distribution: Middle to upper Permian.

Geographical distribution: Japan, Korea, China, Timor, Mongolia, Russia
(Krimea, Caucasus, Pamirs, Ussuri territory), Turkey, Greece, North America
(Texas, British Columbia).
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Codonafusiella explicata KawaNo

Pl 10, figs. 6-8

1960 Codonofusiella explicata KawanNo, pp. 225-226, pl. 24, figs. 3-14.

Description: Shell is minute, fusiform in coiled part with pointed poles.
Uncoiled, flared portion of the shell is very long. At maturity the shell possesses
3 to 3} volutions, with length of about 0.48 mm, and 0.18 to 0.23 mm in width except
uncoiled flared outermost volution which attains at most 1.2 mm in length in a
sagittal section.

The shell in inner 13 to 2 volutions is coiled at right angle to the later volutions,
and staffelloidal in shape with umbilical pole regions. Then the shell abruptly
takes fusiform shape.

Proloculus is spherical with outside diameter of 40 microns.

Height of volution of an illustrated specimen (pl. 10, fig. 8) is 0.02 mm in the
first, 0.022 mm in the second, and 0.03 mm in the third volution.

Septa are not fluted in inner volutions ; while in the outer they are moderately
fluted in somewhat narrow and high form. The number of septa in ill-preserved
specimens is 6 to 7 in the first, about 13 in the second, and 16 to 17 in the third
volution.

Spirotheca exceedingly thin, but composed of tectum and lower layer.

Chomata are absent throughout the shell.

Remarks: This form is one of the smallest Codonofusiella known to date, and
is in every respect identical with Codonofusiella explicata Kawano (1960) described
from the upper Permian Aratani conglomerate in Yamaguchi Prefecture, Japan.
The species is associated with Ozawainella aff. kueichihensis (CHEN) and Parafusulina
sp. and is believed by Kawano to represent the Neoschwagerina zone.

Other species are easily distinguished from the present form in possessing
comparatively large shell, and less pronounced, flared volution.

Codonofusiella sp.

PL. 15, fig. 7

Description: Shell is small, fusiform with pointed poles. The shell possesses
four volutions, and measures 1.65 mm long, 0.55 mm wide, and gives form ratio of
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3.0, in a well oriented illustrated specimen.

Inner two volutions are coiled at a large angle to the fusiformed later volutions.
Height of volution from the first to the fourth volution is 0.03, 0.05, 0.06, and 0.16
mm, respectively.

Proloculus minute with outside diameter of 0.05 mm.

Structure of spirotheca is not well observed, but seems to be composed of
tectum, upper and lower tectoria. Thickness of the spirotheca is very thin but
increases towards outward; 0.02 mm in the fourth volution.

Septa are rather intensely, highly and narrowly fluted in outer volutions.

Remarks :  From all availabe features, this form is judged to be as a species of
genus Codonofusiella. S

This form differs from Codonofusiella explicata Kawano, in the larger shell
which is twice as large as the latter, and more intensely fluted septa of the former.

Codonofusiella cuniculata is distinguished from the present form by less intensely
fluted septa.

Codonofusiella inuboensis (CHisaka), described from Chosi Peninsula and Iwai-
zaki, Southern Kitakami Mountains, can be readily distinguished from this form by
cylindrical shell with more intensely fluted septa and development of axial fillings.

Codonofusiella paradoxica DUNBAR & SKINNER seems to be somewhat resembled
to this form. However, the latter possesses comparatively large shell and less
intensely fluted septa.

Codonofusiella japonica MORIRAWA described from Iwaizaki, Southern Kita-
kami Mountains in 1960, differs from the present form by smaller shell, nature of the
septal fluting and more flared last volution of the former.

SHENG (1963) described many new species of Codonofusiella from South
China. But all of them are easily distinguishable from this form in many respects.

Family Schwagerinidae Dunsar & Hensrst, 1930
Subfamily Schwagerininae Dunsar & Hensest, 1930
Genus Pseudofusulina DuNBArR & SKINNER, 1931

Pseudofusulina kraffti (SCHELLWIEN & DYRENFURTH)
Pl 10, fig. 4

1909 Fusulina kraffti SCHELLWIEN & DYRENFURTH, pp. 169-170, pl. 13, figs. 1-6;
pl. 16, figs. 1-9.

1925  Schellwienia kraffti, Ozawa, pp. 25-27, pl. 6, fig. 7; pl. 7, fig. 4.

1927 Schellwienia kraffti, Ozawa, pp. 147, text fig. Sa-c.

21936 Pseudofusulina kraffti, Huzimoto pp. 80-81, pl. 14, figs. 3-8.

1936  Pseudofusulina aganoensis Huzimoto, pp. 70-71, pl. 10, figs. 4-8.
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1955  Pseudofusulina kraffti, MoRIRAWA, pp. 94-95, pl. 7, figs. 15-17.

1955 Schwagerina motohashii MoRIkKAWA, pp. 101-103, pl. 12, figs. 1-9.

1958  Pseudofusulina kraffti var. magna Toriyama, pp. 178-181, pl. 25, figs. 1-10;
pl. 26, figs. 1-15.

1959  Pseudofusulina kraffti, Kanuma, pp. 70-71, pl. 7, figs. 1-3, & 6.

1959  Pseudofusulina kraffti var. magana, 1co, p. 244, pl. 1, fig. 8; pl. 3, fig. 3.

1959  Pseudofusulina kraffti norikurensis 1co, p. 244-245, pl. 2, figs. 1-3.

1960 Pseudofusulina arataniensis Kawano, pp. 226-228, pl. 24, figs. 15-20; pl. 25,
figs. 1-3.

1960 Pseudofusulina paramotohashii MORIKAWA, pp. 284-285, pl. 49, figs. 7-11.

1961  Pseudofusulina kraffti magna, Nocami, pp. 216-217, pl. 10, figs. 1-4.

1961  Pseudofusulina kraffti, Morikawa & Isomi, pp. 20-21, pl. 14, figs. 1-10; pl.
15, figs. 5 & 6.

1961 Pseudofusulina norikurensis, Morikawa & Isomr, p. 21, pl. 15, figs. 1-4; pl. 16,
figs. 1-7.

1961  Pseudofusulina kraffti form A Nocawmr, pp. 217-219, pl. 10, figs. 5-8.

1963  Pseudofusulina kraffti, SHENG, pp. 65, 191-192, pl. 16, figs. 16-18.

1963  Pseudofusulina kraffti, Cuang, p. 206, pl. 4, fig. 11.

1963  Pseudofusulina kraffti var. magna, CHANG, p. 206, pl. 5, figs. 10, 11 & 13.

1965  Pseudofusulina kraffti kraffti, KaANMERA & Mixawmi, pp. 300-301, pl. 44. fig. 7.

1965  Pseudofusulina kraffti, KaLvikowa, pp. 123-125, pl. IV, figs. 1-5.

1967  Pseudofusulina kraffti, LEVEN pp. 146147, pl. X, figs. 5 & 6.

1967  Pseudofusulina nortkurensis krafftiformis LEVEN pp. 148, pl. 11, fig. 2.

1967  Pseudofusulina magna, LEVEN, p. 149, pl. 11, figs. 5 & 6.

Remarks: One relatively well oriented specimen is available for study.

Morphological characteristics of the specimen at the writer’s disposal are quite
identical with those of the lectotype of Fusulina kraffti SCHELLWIEN & DYRENFURTH
(1909), first designated by KanmeRA and Mixami in 1965.  They are identical with
each other in general shape, size and rate of expansion of the shell, the thickness of
the spirotheca, and nature of septal fluting. However, they are slightly different
in the mode of axial fillings and form ratio.

Recently KaLmirkowa restudied the many topotype materials of Pseudofusulina
kraffti, and she clarified that there exists considerable variation in this species with
respect to the form of the shell, the development of axial fillings, the tightness of
coiling of the shell, and the height of septal fluting. She also regarded Pseudofu-
sulina parakraffti MixLucuo-MAcLAY synonymous with Pseudofusulina kraffti.

In this connection, Pseudofusulina aganoensis Huzimoto, Schwagerina moto-
hashii Morikawa, Pseudofusulina arataniensis, and Pseudofusulina paramotohashii
Morikawa are all best considered to be mere varieties of Pseudofusulina kraffti.
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It is true that there may exist some form groups within Pseudofusulina kraffti;
namely magna group, norikurensis group, and so on. But mutual relationship be-
tween these form groups are morphologically successive and difficult to determine
as to their boundary with certainty. Therefore the writer treats here all the above
mentioned form groups as one species, not dividing them into species.

Pseudofusulina sp.

Pl. 11, figs. 1-3

Description: Shell is thick fusiform with slightly concave mid portion and
bluntly rounded poles. The shell possesses 8} to 9 volutions at maturity, and 9.6
to 10.4 mm in length and 4.0 to 4.4 mm in width, giving form ratio of 2.2 to 2.6.

The shell is coiled rather tight in inner few volutions, then it is abruptly
expanded. The average height of volution from the first to the eighth volution in
three specimens is 0.073, 0.093, 0.12, 0.17, 0.29, 0.36, 0.37, and 0.42 mm, respec-
tively.

Proloculus is comparatively small with outside diameter of 0.22 to 0.27 mm.

Spirotheca is composed of tectum and keriotheca which is very distinct in outer
volutions. 'Thickness of the spirotheca increases towards outward; 0.01 to 0.02
mm in inner volutions, up to 0.10 mm in outer volutions.

Septa are highly, narrowly, and rather irregularly fluted. Number of the septa
from the first to the eighth volution in an illustrated sagittal section (pl. 11, fig. 2)
is 8, 14, 20, 21, 23, 21, 24, and 26, respectively.

Axial fillings are weakly developed in narrow pole regions of the first to the
fifth or the sixth volution.

Distinct chomata are not seen even in tightly coiled inner volutions.

Remarks: 'This form is characteristic in its thick fusiform shell, tightly coiled
inner volutions, and loosely coiled outer volutions with thick spirotheca possessing
distinct alveoli.

From these features, this form is here included in the genus Pseudofusulina,
although the nature of tightly coiled inner volutions conflicts with it.

So far as the writer awares, no previously described species is identical with
this form. Since no ideally cut axial sections have been obtained, it may be prema-
ture to propose a new species on the form herein treated.
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Genus Perafusulinea DUNBAR & SKINNER, 1931
Parafusulina motoyoshiensis (Morikawa)
PL 9, figs. 1-12; pl. 12, figs. 1,3, 5 & 7

1960  Pseudofusulina motoyoshiensis MoRIRawaA, pp. 283-284, pl. 47, figs. 13-15,

17-18.

1963  Schwagerina nakazawae Nocami, pp. 63-64, pl. 3, figs. 13-17.

Description: Shell is large, elongate, ellipsoidal to subcylindrical, with pointed
poles and gently curved axis of coiling. 'The shell of 74 to 63 volutions is 8.4 to
9.5 mm long and 2.05 to 2.60 mm wide. The largest specimen of tangential section
attains 12.3 mm long and 3.0 mm wide. Outer one or two volutions are always
partly missing. Form ratio varies from 4.1 to 5.2.

Coiling of the shell is regular, tight in inner four volutions, rather loose in the
fifth, beyond which it becomes again tight. The average height of volution for
six specimens from the first to the sixth volution measures 0.06, 0.074, 0.094, 0.133,
0.204 and 0.227 mm, respectively.

The shell is ellipsoidal to subcylindrical in the first volution, then it is assumed
to be elongated ellipsoidal shape. The form ratio of each volution rapidly increases
until the fourth volution but remains almost constant beyond that. The average
form ratio of volution of half length to radius vector in four specimens from the first
to the sixth volution is, 1.6, 2.5, 3.6, 4.3, 4.4, and 4.2, respectively.

Proloculus is rather large for the size of the shell. Tts outside diameter mea-
sures 0.30 to 0.34 mm,

Spirotheca consists of tectum and coarse alveoli which are particularly cons-
picuous in outer volutions. Thickness of the spirotheca gradually increases towards
outer volutions ; 17 microns in the third, 38 microns in the fourth, 49 microns in
the fifth, and 51 microns in the sixth in average of five specimens.

Septa are composed of tectum and lower, homogeneous, dark layer. 'Their
number is counted from the first to the fourth volution, as being 10, 15, 16, and 19,
respectively in average. The septal fluting is irregular and fairly intense and be-
comes stronger towards pole regions. However, fluting is sometimes confined
within the lower portion of septa, but may be high and narrow, or gentle, low and
broad in some cases. 'The fluting of septa does not take distinct cuniculi.

Tunnel is low and broad. Tunnel angle at the fifth volution is 50° to 68°.

Chomata are not developed throughout the length of the shell.

Axial fillings are weakly developed in the axial region of the first to the third or
the fourth volution.

Remarks: The present form is quite identical with Schwagerina nakazawae
described by Nocamr (1963) from Portuguese Timor except for the slightly thick
spirotheca in outer volutions in the former. The species would be, however, better
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transferred to the genus Parafusulina, since it has elongated cylindrical shell with
comparatively intensely fluted septa, and thin spirotheca, although the fluting of
septa seems to be not typical cuniculi.

Prior to Nocami, Morikawa (1960) proposed a new species called Pseudofu-
sulina motoyoshiensis, from Iwaizaki, Southern Kitakami Mountains, Japan.
Morikawa’s specimens contain slightly smaller shell with fewer volutions, but all
such smaller specimens may have been missing in outer volutions. Nevertheless,
other characterictics of it are quite identical with those of Schwagerina nakazawae
Nogam1 from Timor as well as the present form. 'Therefore Schwagerina naka-
zawae may be the junior subjective synonym of Pseudofusulina motoyoshiensis.

CueN (1956) described Schwagerina hupehensis from South China, which
closely resembles the present form in many points. But the Kitakami specimens
have weakly and broadly fluted septa, loosely coiled outer volutions, coarse kerio-
theca in outer volutions, and large proloculus. These two species must be ac-
cordingly distinct with each other.

FParafusulina subextensa CHEN (1934), described from the Chihsia limestone,
is also resembled the present specimens now in concern, especially to pl. 9, fig. 8.
However, the CHEN’s species is distinguished from the latter in having the more
smaller forms, large shell with regular and intense fluting of septa. CueN illust-
rated only single specimen for his species, so the extent of specific variation in the
Chihsia form is hardly known for us.

Schwagerina jenkinsi THORSTEINSON (1960) shows some similarity to the present
form, but the former is definitly distinct from the latter in having phrenotheca,
comparatively tight inner volutions in which pseudochomata are present.

Parafusuling iwaizakiensis (MORIRAWA)

Pl. 12, figs. 14 & 15

1960 Pseudofusulina iwaizakiensis MIORIKAWA, pp. 290-291, pl. 48, figs. 1-9.
Remarks: The present form is identical with Pseudofusulina twaizakiensis
Morikawa, from Iwaizaki, Southern Kitakami Mountains, in many respects.
The writer, however, considers that the present species would be better trans-
ferred to the genus Parafusulina, because of having elongate shell with intensely
fluted septa and thin spirotheca, although cuniculi is not definitely observed.
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Parafusulina sp.

Pl. 12, fig. 4

Remarks: only a few specimens are available for this species. The present
form may be somewhat resembled Pseudofusulina nobilis, described by MORIKAWA
(1960) from Iwaizaki. The latter, however, contains specimens having more re-
gularly fluted septa, more round poles, and arcuate axis of coiling than the specimens
at the writer’s disposal, which are too scanty to make more detailed comparison.

Genus Monodiexodina SosNINA, 1956

Monodiexodina sp.

Pl 12, fig. 8

Remarks : The present form possesses strongly elongated shell with pointed
poles, comparatively low and regularly fluted septa, and well developed axial fillings.
Therefore this form may be placed under the genus Monodiexodina.

Among Monodiexodina, Monodiexodina matsubaishi (HuziMoTO) may be closely
similar to the present form. The present specimens show to have more sharply
pointed poles, especially in inner volutions.

Monodiexodina matsubaishi seems to be closely allied to Monodiexodina sutschanica
(DutkeviTen), the type species of genus Monodiexodina in shell shape, nature of
septal fluting, and the mode of development of axial fillings. T’he morphological
relationship between these two species should be reexamined in future.

Genus Chusenella HsyU, 1942 emend. CHEN, 1956

Chusenella aff. choshiensis CHISAKA

Pl. 13, fig. 7

Compare with :
1960  Chusenella choshiensis CHIsAKA, p. 245, pl. 3, figs. 1-8; pl. 4, figs. 7 & 8.
Description: Only single comparatively well oriented specimen is available
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for study. Accordingly, following description is entirely based on it.

Shell is rather large, fusiform with concave lateral slopes. "T'he shell possesses
nine volutions and it is 11.2 mm long and 3.8 mm wide, giving form ratio of about
3.0.

Coiling of the shell is tight in inner few volutions, while rather loose beyond the
third or the fourth volution. The height of volution is 0.06 to 0.08 mm in the first
two volutions, and 0.43 mm in the outermost volution.

Proloculus is small and measured 0.12 mm in diameter.

Spirotheca consists of tectum and lower thick, coarse alveolar layer. 'Thickness
of the spirotheca is about 0.01 mm in the first, 0.06 mm in the fourth, and 0.09 mm
in the outermost volution.

Septa are fluted high but broad, although they are almost straight near tunnel
portion. They form sometimes rectangular shape in axial section.

Axial fillings are very well developed in the axial regions of the second to the
sixth volution.

Chomata seem to be rudimentarily present in inner few volutions, but they
definitely lack in outer.

Tunnel is low and rather narrow. Tunnel angle is 25° to 30° in outer volutions.

Remarks: This form should be placed in the genus Chusenella, because of
having fusiform shell with concave lateral slopes, pointed poles, tightly coiled inner
volutions, well developed axial fillings and so on.

The present form may be closely similar to Chusenella choshiensis CH1sakA, 1960,
described from Choshi Peninsula, Chiba Prefecture, Japan, except for obvious dif-
ference in the nature of septal fluting. Nevertheless, detailed comparison is even-
tually impossible, since only one specimen is available for study.

Chusenella ishanensis Hst is easily distinguished from the present form by more
tightly coiled inner volutions, convex mid-portion and more severely fluted septa
of the former.

Chusenella pseudocrassa (KANMERA)

Pl 10, figs. 1-4, 9-10; pl. 11, figs. 47

1935  Pseudofusulina crassa, GUBLER, pp. 79-81, pl. 1, figs. 5 & 6. (non Fusulina
crassa DEPRrAT, 1913)

1954  Schwagerina pseudocrassa KaNmEeRra, pp. 9-11, pl. 1, figs. 6 & 7.
Description: Shell is highly inflated fusiform with nearly straight axis of

coiling and bluntly pointed poles. The shell possesses nine volutions. QOuter one
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or two volutions are sometimes missing by erosion. Specimens in the full grown
stage of 74 to 9 volutions are 7.9 to 8.6 mm long and about 4.4 to 4.8 mrm wide with
form ratio of 1.7 to 1.9.

Coiling of the shell is tight in inner three volutions, while it becomes loose in
outer volutions. The height of an illustrated specimen (pl. 10, fig. 3) is 0.08, 0.08,
0.11, 0.26, 0.33, 0.43, and 0.42 mm from the first to the seventh volution, respec-
tively. In inner three volutions, the shell is fusiform in general but outer volutions
tend to be inflated fusiform. The form ratio of each volution in the above men-
tioned typical specimen is 1.7 in the first, 2.7 in the second, 2.9 in the third, 2.4 in
the fourth, 2.1 in the fifth, and 1.9 in the sixth and seventh volution.

Proloculus is spherical. Its outside diameter is about 0.2 to 0.3 mm.

Spirotheca is composed of tectum and keriotheca. Thickness of spirotheca in
inner three volutions is nearly constant, being 17 to 25 microns. In the outer volu-
tions it abruptly increases up to 70 microns.

Septa are thin and composed of tectum and lower dark layer. They are almost
plane in inner two volutions. Beyond the second volution, they are, however,
broadly and irregularly fluted throughout the shell. The number of septa gradually
increases towards later volutions viz. 10 to 17 in inner three volutions and about 29
to 32 in the seventh volution.

Axial fillings are slightly developed, being confined in inner four and rarely six
volutions. Rudimentary chomata are present in the first two volutions.

Remarks: This form is quite identical with Pseudofusulina crassa, described
by GUBLER in 1935 from Cambodge. As already referred by Kanmera (1954),
GuBLER’s Pseudofusulina crassa (pl. 1, fig. 6) obviously differs from Fusulina crassa
of Deprat (1913).

KANMERA established a new species Schwagerina pseudocrassa, based on the
materials from the Kuma formation, for which he referred the GUBLER’s Pseudofu-
sulina crassa.

However, the holotype specimen of Schwagerina pseudocrassa illustrated by
KanNmERA is somewhat obliquely cut axial section. Its external shape is accordingly
not correctly known. Further, GUBLER’s form seems to the present writer to be
better considered as a Chusenella. Such being the case, the writer has been doubt-
ful whether these two forms may be conspecific with each other. Nevertheless,
the writer finally reached the conclusion that these forms including the Kitakami
specimens may be eventually belonging to a single species and should be treated as a
Chusenella.

Pseudofusulina ozakii Caisaka, from Takagami conglomerate, Choshi Penin-
sula, resembles the present species in the external shell shape. The former yet
possesses the shell with larger proloculus and loosely coiled inner volutions.
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Family Verbeekinidae Starr & WEeDEKIND, 1910
Subfamily Verbeekininae Starr & WEDEKIND, 1910
Genus Pseudodoliolina YaBe & Hanzawa, 1932

Type species:  Pseudodoliolina ozawai YABE & Hanzawa, 1932

Generic diagnosis: Shell is medium to large in size, ellipsoidal to cylindrical
with broadly rounded poles and nearly straight axis of coiling. - The shell expands
uniformly throughout the volutions.

Spirotheca is composed of tectum and lower less dense layer in primitive forms,
but differentiated into tectum, diaphanotheca with fine alveoli, and lower tectorium
in outer volutions in advanced forms.

Parachomata are well developed throughout the length of the shell. Some
highly developed forms possess the parachomata which show high and thin bar-like
shape in section in outer volutions.

Foramina are abundantly present.

Geological distribution: Neoshwagerina simplex, Parafusulina kaerimizensis
to Yabeina-Lepidolina zone.

Geographical distribution: Japan, Korea, Russia (Sihote-Aline, Pamir,
Krimea), China, Yugoslavia, North America.

Remarks: Genus Pseudodoliolina was established in 1932 by Yape & Han-
zAWA. They stated ““ For a long time authors neglected the fact that Doliolina lepida
SCHWAGER, the genotype of the genus Doliolina, has its shell wall provided with
keriotheca and in extreme case, the genus was defined as to include forms with shell
wall lacking keriotheca. 'The senior author of the present article is probably much
responsible for this misconception, as he first identified a foraminifera in the Per-
mian limestone of Akasaka, province Mino, bearing a shell free from keriotheca and
simply composed of a tectum with Doliolina lepida. . . . Hence there is a need of new
generic and specific name for the foraminifera “ Doliolina lepida” auct., non
SCHWAGER, and we wish to propose at this place Pseudodoliolina and Pseudodoliolina
ozawai for the genus and species respectively.”

Following YABE & Hanzawa, THOMPSON & FosTER (1934) designated the speci-
men illustrated by DEPRAT as figure 12 on his plate 3 as the lectotype of Pseudodo-
liolina ozawa.

A number of Pseudodoliolina have been described mainly from Asia and some
from America and Europe.

In reexamining the various forms of Pseudodoliolina described until present,
the writer reached the conclusion that it may be possible to divide them into 4
species groups; namely, Pseudodoliolina ozawai group, Pseudodoliolina pseudo-
lepida group, Pseudodoliolina elongata sp. nov. group (described in this article),
and Pseudodoliolina gravitesta group.
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Among them, in the Pseudodoliolina ozawai group, the following species may
be included ; Pseudodoliolina ozawai YABE & HaNzAWA, Pseudodoliolina ozawai
minima MIKLUcHO-MAcLAY, Pseudodoliolina oliviformis 'THOMPSON, WHEELER &
DANNER, Pseudodoliolina chinghaiensis SHENG, and Pseudodoliolina cylindrica SKINNER
& WiLpe. This group is the most primitive group in which most species have
comparatively small shells, 3.0 to 5.2 mm (mainly 3.5 to 4.8 mm) in length, 1.2 to
3.0 mm (1.5 to 2.2 mm) in width, with form ratio of about 1.9 to 2.6, in mature
specimens. Spirotheca is very thin, composed of one layer though sometimes
reveals the alveolar structure in outer volutions. Tts thickness is mostly within
20 microns even in the outer volutions. As to the shell form, Pseudodoliolina
chinghaiensis possesses thick fusiform and rather large shell, and Pseudodoliolina
oliviformis also has shell of inflated mid-portion. Nevertheless the writer still
considers these two species to be included in the present group considering the
above described common features between them.

The second group is represented by Pseudodoliolina pseudolepida (DEPRAT),
and Pseudodoliolina pulchra SHENG. They possess the larger and cylindrical shell
(over 5.0 mm in length), with more numerous volutions, slightly thicker and dif-
ferentiated spirotheca in outer whorls, and more developed parachomata than
Pseudodoliolina ozawai group.

Pseudodoliolina elongata sp. nov. is grouped in the third group. 'This species is
found from the Atetsu Plateau and Kitakami Mountains. This species is typical

Fusulinid zone

Yabeina-
Lepidolina

Neoschwagerina
margariloe

Neo.

craticulifera

u\’eo. simplex

Fig. 4
Suggested phylogeny of Pseudodoliolina
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in its elongate large shell. Features of the inner volutions are just like that of
Pseudodoliolina ozawai. 'This new species ranges from the Neoschwagerina douvillei
zone to the lower part of Yabeina-Lepidolina zone. Therefore, it is highly possible
that it is a direct descendant of Pseudodoliolina ozawai.

The Pseudodoliolina gravitesta group here designated includes single species
described by Isuir and Nocami (1961) under the name of Metadoliolina gravitesta.
Isuir and Nogamr especially placed stress on its structure of the wall distinctly dif-
fentiated into three layers, and possessing alveolar structure in the outer volutions.
They also assumed this species to be stratigraphically as high as the Yabeina-
Lepidolina zone. The writer agrees that the wall structure may be one of the im-
portant criteria distinguishing species in Pseudodoliolina. However, he thinks that
this can not be suitable enough for generic separation, at least in the group now in
concern.

As stated above, these four groups seems to show different geological range with
each other and a compiled phylogeny will be shown as text-fig. 4.

Here arise the problems how to consider the relationship between Metado-
liolina Tsuit and Nocawmr, 1961, and Neomisellina SHENG, 1963.  So far as the diag-
nosis of Neomisellina is concerned, it does not conflict with. that of Metadoliokna.
Neomisellina multivoluta SHENG, Neomisellina sphaeroidea SUENG, Neomisellina
douvillei (GUBLER) are still assumed to differ from Metadoliolina gravitesta, the type
of genus Metadoliolina, in having Misellina like inner volutions, ellipsoidal melon
shaped shell, comparatively thick spirotheca, and the mode of development of
parachomata of the former. The writer considers that it is necessary to make more
detailed examination on their morphological and phylogenetical relation in future.

Pseudodoliolina elongata sp. nov.

Pl 14, figs. 1-6.

1961  Pseudodoliolina sp. indet., Nogawmi, pp. 166-167, pl. 1, fig. 12.

Materials: Holotype, UHR 19065 (pl. 14, fig. 1). Paratypes, UHR 19060-
19064, and UHR 19096-19101.

Diagnosis: Pseudodoliolina with relatively large, elongate cylindrical shell
with thin and slightly rugose spirotheca. ,

Description: Shell is relatively large, elongate cylindrical with bluntly
rounded poles. 'The shell possessing 13 to 14} volutions is 8.0 to 8.8 mm in length
and 2.2 to 2.4 mm in width giving form ratio of 3.7 to 4.1.

The shell is tightly and uniformly coiled. Height of volution gradually inc-
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reases towards outer volutions ; 0.04 mm in the first two volutions, 0.12 to 0.13 mm
in the outer volutions.

Proloculus is medium in size; 0.13 to 0.15 mm in outside diameter.

Spirotheca consists of tectum and lower massive layer. Itis very thin through-
out the shell, and does not exceed 0.015 mm even in outer volutions. The spiro-
theca shows slight rugosity in some parts.

Septa are straight throughout the shell. As no ideal sagittal sections could be
obtained, it is impossible to give the exact counting of the septa per volution. How-
ever, they are 7 to 11 in inner two volutions, and approximately 40 to 45 in the outer-
most few volutions.

Parachomata are prominent. They are } the height of the chamber at the
lowest part, and are rectangular in shape with rounded upper surface in section.

Foramina are small and circular, and open between the parachomata.

Remarks: As already mentioned in the specific diagnosis, this new species is
characteristic in its elongate cylindrical shell with thin spirotheca which does not
show alveolar structure even in outer volutions. 'This new species may be likely to
be conspecific with Pseudodoliolina sp. indet., described by NogamI from the Atetsu
Plateau, Southwest Japan, in elongate shell shape, size, coiling of the shell and thin
spirotheca with slight rugosity.

This form is easily distinguishable from Pseudodoliolina ozawai by larger shell
and more elongate cylindrical shell shape. The inner characters of this form are
very close to Pseudodolilina ozawai. 1In consideration of the horizon of this species
together with the above characteristics of this form, it may be highly probable that
this form is a direct descendant of Pseudodoliolina ozawas.

The writer also found specimens to be specifically identical with this new
species from the lower part of Yabeina limestone developed in Kanokurayama,
Sumita-Cho, Southern Kitakami Moutains, in association with Yabeina (Lepidolina)
multiseptata shiraiwensis, Pseudodoliokina gravitesta, Kahlerina sp. and others. There-
fore this species ranges from the Neoschwagerina douvillei to the lowers part of
Yabeina-Lepidokina zone.

Genus Verbeekina Starr, 1909

Verveekina verbeeki (GEINITZ)
PI. 15, figs. 1-3

1876  Fusulina verbeeki GRINTTZ, pp. 399-400.

1912 Schwagerina verbeeki, DEPRAT, pp. 40-41, pl. 1, figs. 7-11.

1925  Verbeekina verbeeki, Ozawa, pp. 48-51, pl. X, figs. 6 & 7.

1935 Verbeekina verbeeki, GUBLER, (without description), pl. 1, figs. 10--16.
1936 Verveekina verbeeki, 'THOMPSON, pp. 197-200, pl. 24, figs. 1--8.
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1936  Verbeekina verbeeki, Huzimoro, pp. 101-104, pl. 9, fig. 8; pl. 21. figs. 1-3.

1956  Verbeckina verbeeki, CuEN, pp. 9, 47-48, pl. IX, figs. 5 & 6; pl. XIII, figs. 1
& 2.

1957  Verbeekina verbeeki, KoBayasui, pp. 301-302, pl. IX, figs. 5-7.

1958  Verbeckina verbeeki, Toriyama, pp. 205-208, pl. 37, figs. 1-6; pl. 38, figs. 1-

6. .

1960 Verbeckina sp., MORIKAWA, p. 296, pl. 53, figs. 10 & 11.

1961  Verbeekina verbeeki, Nocawmi, pp. 167-169, pl. 2, figs. 1-4.

1963 Verbeekina verbeeki, SHENG, pp. 85-86 & 215-216, pl. 26, figs. 1-5.
1964 Verbeekina verbeeki, 1co, pp. 62-63, pl. 2, fig. 1.

1965  Verbeckina verbeeki, Isuir & Nocawm, p. 24, pl. 8, figs. 4-6.

Description:  Shell is spherical with slight umbilical pole regions. The shell
in the mature stage of 15 to 16 volutions is about 8 mm or more in length and in
width.

Coiling of the shell is very tight in inner few volutions, taking staffelloidal shape,
but abruptly expanded in the fourth to the sixth volution and beyond that it is uni-
form although it gradually tends tight outward. Height of volution in an illustrated
specimen (pl. 15, figs. 2) is up to 0.10 mm in inner few volutions, and 0.29 to 0.34 mm
in outer ones.

Proloculus seems to be minute, but its diameter is not correctly measured be-
cause of the lack of ideal sections.

Spirotheca is composed of tectum and lower thicker dark layer with fine alveoli.
Thickness of the spirotheca gradually thickened towards outward ; 0.010to  0.015
mm in inner volutions and 0.055 mm or more in outer volutions.

Parachomata tend to devlop in the eighth to nineth volution, gradully become
distinct towards mature stage. They are small, triangular and conspicuous espe-
cially near the septa.

Foramina are very small and elliptical. They occur at the lower part of the
septa.

Remarks: This form is identical with Verbeekina verbeeki in every respect.

Morikawa once illustrated Verbeekina sp. (which he referred as Verbeekina
verbeeki in 1958) from Iwaizaki, Southern Kitakami Mountains in 1960. One of
his specimens (pl. 53, fig. 10) shows strong similarity to the specimens now in con-
sideration. Unfortunately most specimens treated by MORIKAWA are strongly
deformed and too poorly preserved to make more detailed comparison.
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Subfamily Neoschwagerininae DuNBaR & CoONDRA, 1928
Genus Cancellina Haypen, 1909

Cancellina sp.
Pl 12, fig. 13

Description: Only single specimen is at hand.

Shell is minute, inflated spheroidal. It possesses seven or eight volutions, with
the length of 0.84 mm, the width of 0.55 mm and form ratio of 1.6.

The shell is coiled tightly and uniformly. Height of volution gradually inc-
reases towards outward ; about 0.02 mm in inner volutions, and 0.05 to 0.06 mm in
outer.

Proloculus is not observed due to ill-orientation of the specimen.

Structure of spirotheca is not thoroughly observable because of poor preser-
vation of the specimen. However, it seems to be composed of tectum and lower
layers. Above the tectum, there is thin but dark layer which looks like to be con-
tinuous with parachomata. Thickness of the tectum and lower massive layer is
within 0.015 mm even in the outer volutions.

The parachomata are well developed throughout the shell. 'They are narrow,
high, and triangular shaped in the tangential section.

Septa are straight, but they can not be well counted for each volution.

Remarks: This form may be referable to the genus Cancellina sensu KANMERA
(1957) from its minute inflated spheroidal shell, thin spirotheca, narrow and high
parachomata, and the development of transverse septula, although the division of
genus Cancellina, Minoella (Honjo, 1959), Neoschwagerina are somewhat confused.

Since no sagittal section for this specimen was available, it is almost impossible
to examine the nature of axial septula, based on the method proposed by MiNaTO
and Honjo (1959, 1966).

So far as all observable features are concerned, the present form is now assumed
to be one of the smallest Cancellina known to date. All previous species are readily
distinguished from this form in this connection.

Genus Yabeina DrpraT, 1914
Subgenus Lepidolina 1.kx, 1933
Yabeina (Lepidolina) multiseptata shiraiwensis (Ozawa)

PL. 13, fig. 8; pl. 15, figs. 4-6.

19252 Neoschwagerina (Y abeina) shivaiwensis Ozawa, (without description), pl. 3,
fig. 8; pl. 4, figs. 1-3.
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1925b  Yabetna shiraiwensis, Ozawa, pp. 63-64, pl. 2, figs. 2b, 5¢. 7b; pl. 10, figs.
1& 2.

1936 Yabeina shiraiwensis, HuzimoTo, pp. 122-123, pl. 26, figs. 1-7.

1942 Yabeina shivaiwensis, TORIYAMA, pp. 245-246, pl. 24, figs. 14 & 15; pl. 25,
figs. 1-6.

1942 Yabeina yasubaensis 'ToriYAMA, pp. 246-247, pl. 25, figs. 8-14.

1954  Yabeina yasubaensis, KANMERA, pp. 18-19, pl. 2, figs. 10-13; pl. 5, figs. 14—
19.

1956  Yabeina shiraiwensis, CHEN, pp. 13, 64-65, pl. 14, figs. 8-10.

1956 Yabeina shivaiwensis, MORIKAWA, pp.254-256, pl. 33, figs. 1-11; pl. 34,

figs. 8 & 9.

1958 Yabeina shiraiwensis, TORTYAMA, pp.236-241, pl. 44, figs. 1-15; pl. 45,
figs. 1-11.

1958 Yabeina yasubaensis, TorRIYAMA, pp.241-244, pl. 45, figs. 12-14; pl. 46,
figs. 1-16.

1958 Yabeina yosubaensis, Nocami, pp. 102-103, pl. 1, fig. 8.

1958  Yabeina shivaiwensis, MORIRAWA et al., p. 89, pl. 6, fig. 9 & 10.

1960 Yabeina shiraiwensis, MoRIKAWA, pp. 296-297, pl. 53, figs. 1-9.

1960 Yabeina shiraiwensis, CHISAKA, pp. 248-249, pl. 5, figs. 1-10; pl. 6, fig. 5°.
1961 Yabeina shiraiwensis, Nocami, pp. 186-190, pl. figs. 1-8.

1962 Yabeina shivaiwensis, Isar1 & Nocawmi, pp. 63-66, pl. 1 & 2.

1962 Yabeina shiraiwensis, CHISAKRA, pp. 546-547, pl. 8, fig. 7.

1964 Yabeina multisepiata shiraiwensis, Isarn & Nocawmi, (without description),

pl. 5, figs. 1-3.

Remarks: The present Kitakami specimens are more or less deformed.
Nevertheless all observable fearures, however, reveal its close similarity to Neosch-
wagerina (Yabeina) shiraiwensis Ozawa in 1925, which was lately redefined by
Isurt and Nocamr (1964).

Lepidolina multiseptata group and Yabeina globosa group are obviously alike with
each other, except for the apparent difference in proloculus size. Notwithstanding
of this, it is ridiculous that they have never been found in association.

The writer is accordingly of the opinion that they belong to phylogenetically
different stocks as MinaTo and Honjo (1959), and Hasegawa (1965) advocated.
So he tentatively treats Lepidolina as a subgenus of Yabeina.
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PLATE 9 AND EXPLANATION



Explanation of Plate 9

All figures are x 10

Parajfusulina motoyoshiensis (MORIKAWA)

Figs. 1, 2, 8, 10 & 11. Axial sections showing variation in the mode of septal flutings. 1.
UHR 18970, 2. UHR 18884, 8. UHR 18974, 10. UHR 18975, 11. UHR 18882.

Figs. 3, 5 & 6. Sagittal sections.
3. UHR 18893, 5. UHR 18885, 6. UHR 18974.

Fig. 12. Oblique sagittal section. UHR 18899.

Fig. 9. Oblique section. UHR 18883a.

Figs. 4 & 7. Tangential sections. 4. UHR 18887, 7. UHR 18883b

All specimens are {rom loc. 7.

All specimens are from the Kanokura series, middle Permian, developed in Imo-Sawa, Yahagi
-Cho, Rikuzentakada City, Iwate Prefecture.
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PLATE 10 AND EXPLANATION



Explanation of Plate 10

Chusenella pseudocrassa (KANMERA)

Figs. 1 & 3. Slightly oblique axial setions.

1. UHR 18968 = 20, 3. UHR 18837 x 20
Fig. 2. Oblique section. UHR 18963 < 20.
Figs. 9 & 10. Sagittal sections.

9. UHR 18965 x 20, 10. UHR 18961 x 20.

Pseudofusulina kraffti (SCHELLWIEN & DYRENFURTH)

Fig. 4. Axial section. UHR 18972 x 10.

Rauserella alveolaris CHOLI sp. nov.

Fig. 5. Holotype, axial section. UHR 18971 x 20.
Fig. 11. Enlarged part of fig. 5, showing the alveolar wall structure in the outer volution
% 100.

Codonofusiella explicata (KAWANO)

Fig. 6. Deep tangential section. UHR 18884 x 50.
Figs. 7 & 8. Sagittal sections.

7. UHR 18887a x 50, 8 UHR 18887b x 50.
All specimens are from loc. 7

All specimens were collected from the Kanokura series, middle Permian, developed in Imo-
Sawa, Yahagi-Cho, Rikuzentakada City, Iwate Prefecture.
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PLATE 11 AND EXPLANATION



Explanation of Plate 11

All figures are > 10

Figs. 1-3.  Pscudofusulina sp.
1. Axial section. UHR 19089.
2. Sagittal section showing tightly coiled inner volutions. UHR 19090.
3. Oblique axial section. UHR 19091.

Figs. 4-7. Chusenclla pseudocrassa (KANMERA)
4. Sagittal section. UHR 19094.
5. Incomplete axial section showing well developed axial fillings. UHR 19095.
6. Typical axial section. UHR 19093.
7. Tangential section. UHR 19092.
Fig. 8. Rauserella alveolaris CHOI sp. nov.
Axial section of inner stage of a paratype specimen. UHR 18884
Figs. 1-7 are {from. loc. 1, and fig. 8 is from loc. 7.

All specimens were collected from the Kanokura series, middle Permian, developed in lmo-
Sawa, Yahagi-Cho, Rikuzentakada City, Iwate Prefecture.
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PLATE 12 AND EXPLANATION



Explanation of Plate 12

All figures except for figs. 11-13 are x 10. Fig. 11 is x 100 and figs. 12 & 13 are x 20.
Fig. 1, 3, 56 & 7. Parafusulina motoyoshienis (MORIKAWA)
1, 3 & 5. Axial section. 1. UHR 19075. (loc. 5), 3. UHR 19074. (loc. 5). 5. UHR 19076.
(loc. 5), 7. Sagittal section. UHR 19077. (loc. 5)
Fig. 4. Parafusulina sp. A
Axial section. UHR 19078. (loc. 5)
TFig. 6. Parafusulina sp. B Axial section. UHR 19080. (loc. 5)
Fig. 8. Monodiexodina sp. Axial section. UHR 19079. (loc. 5)
Figs. 2 & 9. Pseudofusulina sp. B
2. Sagittal section. UHR 19083. (loc. 4)
9. Poorly preserved axial section. UHR 19084. (loc. 4)
Fig. 10. Pseudofusulina? sp. A
Tangential section. UHR 19086. (loc. 4)
Figs. 11 & 12. Codonofusiella explicata KAWANO
11. Sagittal section. UHR 19082. {loc. 4}
12.  Axial section. UHR 1908L. (loc. 2)
Fig. 13. Cancellina sp.
Tangential section. UHR 19088. (loc. 2)
Figs. 14 & 15. Parafusulina twaizakiensis (MORIKAWA)
14. Axial section. UHR 19087. (loc. 4)
15. Tangential section. UHR 19085. (loc. 4)

All specimens were collected from the Kanokura series, middle Permian, developed in Imo-
Sawa, Yahagi-Cho, Rikuzentakada City, Iwate Prefecture.



CHoi/Permian Fusulinids from Imo

Plate 12




PLATE 13 AND EXPLANATION



Explanation of Plate 13

All figures except fig. 9 are x 10. Fig. 9 is x 20.
Figs. 1-6. Parafusulina motoyoshiensis (MORIKAWA )
1, 4 & 6. Axial sections. 1. UHR 19073. (loc. 2), 4. UHR 19069. (loc. 3),
6. UHR 19071. (loc. 2)
3. Tangential section. UHR 19068. (loc. 3)
2 & 5. Sagittal sections. 2. UHR 19070. (loc. 3), 5. UHR 19072. (loc. 3)

Fig. 7. Chusenella aff. choshiensis (CHISAKA)
Deep tangential section. UHR 19067. (loc. 2)
Fig. 8. Yabeina (Lepidolina) multiseptata shiraiwensis (OZAWA)

Sagittal section. UHR 19059. (loc. 10)
Fig. 9. Pseudofusulina? sp. B
Axial section. UHR 19066. (loc. 10)

All specimens were collected from the Kanokura series, middle Permian, developed in lmo-
Sawa, Yahagi-Cho, Rikuzentakada City, Iwate Prefecture.
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PLATE 14 AND EXPLANATION



Explanation of Plate 14

Pseudodoliolina elongata CHOI sp. nov.

Figures 1-5 are x 20. Fig. 6 is x 10.
Holotype is fig. 1. Others are paratypes.
Figs. 1 & 2. Axial sections. 1. UHR 190565, 2. UHR 19060.

Fig. 3. Slightly oblique section. UHR 190863.
Figs. 4 & 5. Sagittal sections. Fig. 5 is largely deformed. 4. UHR 19064, 5. UHR 19081
Fig. 6. Deep tangential section. UHR 19062.

All specimens are from loc. 9.

All specimens were collected from the Kanokura Series, middle Permian. developed in Imo-
Sawa. Yahagi-Cho, Rikuzentakada City, Iwate Prefecture.
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PLATE 15 AND EXPLANATION



Explanation of Plate 15

All figures except for figs. 7 & 8 are x 10. Figs. 7 & 8 are x 20.
Figs. 1-3. Verbeekina verbeeki (GEINITZ)
1. Deep tangential section. UHR 19051.
2. Oblique section. Outer few volutions are missing. UHR 19052.
3. Parallel section. UHR 19053.
Figs. 4-6. Yabeina (Lepidolina) multiseptata shiraiwensis (OZAWA')
4 & 6. Two sagittal sections. 4. UHR 19054, 6. UHR 19056.
5. Axial section. UHR 19055.
Fig. 7. Codon fusiella sp.
Axial section. UHR 19057.
Fig. 8. Codonofusiella explicata (KAWANO)
Parallel section. UHR 19058.
All specimens are from loc. 4.

All specimens were collected from the Kanokura series, middle Permian, developed in Imo-
Sawa, Yahagi-Cho, Rikuzentakada City, Iwate Prefecture.
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