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PERMIAN FUSULINIDS FROM
      KITAKAMI MOUNTAINS,

IMO     '
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                     by

             Dong Ryong CHoi

     (With 1 Table, 4 Text-figures and 7 plates)

(Contribution from the Department of Geology and Mineralogy

    Faculty of Science, Hokl{aido 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 Kital<ami Mountains, apart

from the sporadical occurrence of external moulds of either Monodeencodina or

Parofusulina in sandstone.

    During the course of his fossil collections in the Imosawa area in Iwate Prefec-

ture, Dr. K. NAKAMuRA 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 PseudbLfusulina 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 lh'sellina cf. claudiae, PseudbLfttsztlina

krafai, 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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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 plentifu1 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 Ydbeina (Lopidolina) multisoptata shiraiwensis, Vbrbeekina

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.

    Pseudtzfttsulina kraLffZi (ScHELLwiEN & DyRENFuRTH) (loc. 7)

    Rseudopsulina sp. A (loc. 1)

    RseudQfLtsttlina sp. B (loc, 4)
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AI<ASAI<A
HoNJo (1959)

Yabeina globosa

Goflatella douvillei

Nboschevagerina

 margarttae

Neoschwagerina
 eraticulijlera

Pseitdodoliolina oxazvai

uanoella nipponica

Par(ijbesulina granu7n-

 avenae

 AKIYOSHI
HAsEGAwA (1963)

Lepidolina shii"aiwensis

Gijlaiella dottvillei

Vkerbeekina verbeehi

IVboschwagerina haydeni

Vbrbeekina heimi

Nleoschw, ci'aticulijkera

Parcijleisulina

 haerimi2ensis
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Lepidolina shiraizvensis

Lapidolina kumaensis

Pseudodoliolina elongata

Monodiexodina 7natsttbaishi

Ptircofleisulina

Chusenella

Cancellina

    RseudbLfusutina.2 sp. A (loc. 3)

    .I]lseztdqfle{sulina.2 sp, B (loc. 10)

    Parofustthaa motayoshiensis (MoRiKAwA) (loc. 2, 3, 4, 5, 7, & 8)

    Paroptsutina izvaixakiensis (MoRiKAwA) (loc. 4)

    Parcpttsulina sp. A (lo.c 5)

    Parofusulina sp. B (loc. 5)

    Monodiencoduza matsttbaishi (HuzmcoTo) ? (loc. 6)

    Monodieacodina sp. (loc. 5)

    Chttsenella pseudocrassa (KANMERA) (loc, 1, 2, 3, 4 8i 6)

    Chusenella aff. choshiensis CHisAi<A (loc. 3)

    Cancellina sp. (loc. 2)

    Pseudbdotiolina elongata sp. nov. (loc. 9)

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

    IYdbeina (Le2t)iclolina) multisoptata shiraizvensis (OzAwA) (loc. 10-12)

    Codonctfrtsiella eeplicata KAwANo (loc. 2, 3, 4, 7 8i 8)

    Codonofusiella sp. (loc. 10)

    Rauserella alveolaris sp. nov. (loc. 3 ?, 7 & 8)

    Their stratigraphic ranges are shown in Text--figure 3,

    Besides, the writer fbund Pseudofusttzana .fttsijbrmis, PseudoLfrtsuinza kraLfi>ti,

ATcrgatoella minatoi, Eowerbeekina.2 sp. and others from the limestone matrix of

basal conglomerate of the Kattisawa stage developed at KotsubosavLra, Yokota-Cho,

Rikuzentakada City.
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Fig. z

Geological map of Imosawa.

Br;"Brachiopod zone" a; Fossiliferous bedded limestone, b, d & f; Greenish
grey medium grained sandstone. c; Fossiliferous impure limestone. e & g; Dark

grey sandy s!ate bearing small pyrite grains. h, j & m; Greenish grey medium sand-

stone. i; Fine sandstone bearing abundant brachiopods. k; Darl< grey compact

"fusulina" limestone. !; Sandy limestone. n; Fossiliferous dark grey limestone.

o ; Very coarse sandstone with pebbles.
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Raitserella alveolarils

Codonofletsiella emplicata

Cod. sp.

 YLibeina (Lopidolina)

7nteltiseptata shiraizvensis

Vlerbeekifia verbeeki

Pseudbdoliolina elongata

Cancelli'na sp.

Chi{senella aff. choshiensis

Chu. psertdocrassa

Mbnodiexodina sp.

Mon. nratsuba･ishi.?

PaTqf)tsuli"a izvaik"'akiensis

Par. 7notoyoshilensis

Par. sp. A. & B

Psettdqfttsulina krqfftfl

Pof. sp. A

Pslf'. sp. B

Psf? sp. A

Psf? sp. B
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    In the tributary of Kattisawa, the writer collected Monodeexodina matsubaishi

and Parofasulina 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 Parcofusulina, typical Chuse-

nelin, and very rare production of Cancellina. Therefore this part is correlatable to

Minoella, ATleoschwagerina simpleoo, or Parofusulina kaerimigensis zone in S.W.

Japan.

    While the upper part is characterized by the occurrence of Pseudodbliotina

elongata. rlihis species is also described from the Atetsu Plateau (NoGAMi, 1961),

where it is associated with Aleoschwcrgerina dbuvillei, Vbrbeekina verbeeki, and

Rseuclojusulina kusamensis. Its horizon in Atetsu is quite identical with that of

Imosawa. Therefore it is quite possible that the portion yielding Pseudodoliolina

elougata at Imosawa is correlatable to Aleoschwagerina clouvillei-AIeoschwagerina

      .margarztae zone.
    Accordingly, the middle portion between the above two zones is correlated to

ATboschwagerina craticulijlera zone. The Kanokura series in Imosawa district as a

vsrhole 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. I<ATo and K. NAKAMuRA for their kind

guidance in the field and in laboratory. Especially the former helped me in com-

pleting this manuscript. "I'he 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 DuNBAR, 1944

    Type species : Rauserelld 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 : Rattserella 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.

    Hovgrever, so far as the previous diagnosis of genus Rauserella is concerned, it

has never been referred to possess keriotheca in spirotheca.

    Therefbre the writer first considered the above fbrm differs from Raztserella.

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 wali does not

conflict with the fact in the wall in the above mentioned form, as is ascertained in

many genera, Pseztdodoliolina, Lapidolina, Codonqfttsielld (stated in this article), and

so 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 .ftij'imotoi KoBAyAsHi, 1956

    Rauserella minuta MiKLucHo-Maclay, 1957

    Rauserell staLfii SKiNNER 8c WiLDE, 1966

    Rauserella pacdytheca CHoi, 1970

    Rauserella alveolaris CHoi, sp. nov.

    Geological distribution; 2Vboschwagerina to Ydbeina zone.

    Geographical distribution ; Japan, Russia (Ussuri territory, Krimea, Caucasus),

and North America.

Raeeserella atveolaris sp. nov.

Pl. 10, figs. 5 8e 11; pl, 11, fig. 8

    Materials : Holotype, UHR 18971 (pl. 10, fig. S), Paratypes, UHR 18884, UHR

1888S, UHR 18887, UHR 18889, UHR 18890, UHR 18897, UHR 1896S.
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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 2} 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 O.07 mm to O.08 mm in the first volution, O.08

mm to O.09 mm in the second, O.11 mm to O.14 mm in the third, and O.20 mm in

the fourth.

    Proloculus is minute, spherical and measures O.07 to O.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;

S to 7.S microns, while it is rather thick in the fourth volution ; 24 to 4S 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 9eO.

    Remarks: At a glance the present form reminds a species of Torlyamaia.

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 Torlyamaia 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 Tor2tyamaia.

    0n the other hand the present form resembles genus Rattserella 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 vgTith comparativeiy

numerous volutions, chomata and the wall structure without keriotheca.

    M. KoBAyAsHi (19S7) described some Raztserella from A4t. Ibuki, Shjga Pre-
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fecture, Japan. One of them, Rauserella faE2'imotoi 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 SmNNER & WiLDE, 19S4

              Genus Codonojusiella DuNBAR & SKiNNER, 1937

    ']rype species : Codonqfrtsielld paraclbncica DuNBAR 8e SKiNNER, 1937

    Generic diagnosis : Shell is minute, fusiform in the inner volutions. Last

volution is flared and uncoiled. Mature shell possesses 4 to Sg 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 fiuted throughout the shell. Chomata are rudimentarily

developed.

    Remarks : As already mentioned by the writer (1970), Codbnqfrtsiella inuboensis

from Iwaizaki, South Kitakami Mountains, described by himself surely possesses

the wall provided with tectum and fine keriotheca in outer voiutions, although he has

not examined the wall of the holotype material of Codbnqfttsiella imtboensis from

Chosi Peninsula, Japan, reported by CHisAKA.

    As to the wall structure of genus Codonoftzsielld, 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 Coclonqftzsiella produced

from Iwaizaki, shows that at least in some form of Codbnofiisiella 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.

    Coclonqfr{siella is safely discriminated from Lantschichites (=Paraboultonia)

which was first established by TouMANsKAyA as subgenus of Codonoptsiella, by

smaller, infiated 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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CodonoJinsietla emplicata KAwANo

Pl. 10, figs. 6-8

1960 Coclonqfusiella e`mplicata KAwANo, pp. 22S-226, pl. 24, figs, 3-14.

    Description: Shell is minute, fusiform in coiled part with pointed poles.

Uncoiled, fiared portion of the shell is very long. At maturity the shell possesses

3 to 3S volutions, with length of about 0.48 mm, and O.18 to O.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 15 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 specimeR (pl. 10, fig. 8) is O.02 mm in the

first, O.022 mm in the second, and O.03 mm in the third volution.

    Septa are not fluted in inner volutions ; while ln the outer they are moderately

fiuted 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 Codonqfusiella known to date, and

is in every respect identical with CodbnqfLisiella esplicata KAwANo (1960) described

from the upper Permian Aratani conglomerate in Yamaguchi Prefecture, Japan.

The species is associated with Oxazvainella aff. kueichihensis (CHEN) and Parofusulina

sp. and is believed by KAwANo to represent the Neoschzvagerina zone.

    Other species are easily distinguished from the present form in possessing

comparatively large shell, and less pronounced, flared volution.

Codonofusiella sp.

Pl. IS, fig. 7

    Description : Shell is small, fusiform with pointed poles.

four volutions, and measures 1.65 mm long, O.55 mm wide, an

 The shell possesses

d 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 O.03, O.OS, O.06, and O.16

mm, respectively.

   Proloculus minute with outside diameter of O.OS 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; O.02 mm in the fourth volution.

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

    Remarl<s : From all availabe features, this form is judged to be as a species of

genus Codonqfa{siella. '
    This form differs from Codonoftzsiella estzplicata KAwANo, in the larger shell

which is twice as large as the latter, and more intensely fiuted septa of the former.

    Codonqfusiella cunict{lata is distinguished from the present form by less intensely

fluted septa.

    Codonqfusiella inuboensis (CHisAi<A), described from Chosi Peninsula and Iwai-

zaki, Southern Kitakami Mountains, can be readily distinguished from this form by

cylindrical shell with more intensely fiuted septa and development of axial fillings.

    Codonqfitsiellaparadoscica DuNBAR 8e Si<iNNER seems to be somewhat resembled

to this form. However, the latter possesses comparatively large shell and less

intensely fluted septa.

    Codonqfusiella 1mponica MoRii<AwA 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 Codonqfi{siella from South
China. But all of them are easily distinguishable from this form in many respects.

            Family Schwagerinidae DuNBAR 8e HENBEsT, 1930

           Subfamily Schwagerininae DuNBAR 8i HENBEsT, 1930

            Genus Psezedofzesulina DuNBAR 8i SKiNNER, 1931

          Pseeedofuszeiina kra!ffii (ScHELLwlEN & DyRENFuRTH)

                            Pl. 10, fig. 4

1909 -l7usulina krafai ScHELLwiEN & DyRENFuRTH, pp. 169-170, pl. 13,

   pl. 16, figs. 1-9.

192S Schellzvienia kraLffti, OzAwA, pp. 25-27, pl. 6, fig. 7; pl. 7, fig. 4.

1927 Schelinvienia kraLfifiti, OzAwA, pp. 147, text fig. Sa-c.

?1936 Pseudtpttsutina krafi)ti, HuziMoTo pp. 80-81, pl. 14, figs. 3-8.

1936 Pseudofbesulina aganoensis HuziMoTo, pp. 70-71, pl. 10, figs. 4-8.

figs. 1-6 ;
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19SS PseudQfrtsulina kraLffti, MoRiKAwA, pp. 94-9S, pl. 7, figs. IS-17.

19SS Schzoagerina motohashii MoRmAwA, pp. 101-103, pl. 12, figs. 1-9.

1958 Pseuaqfttsulina kraLffti var. magna ToRiyAMA, pp. 178-181, pl. 25, figs. 1-10;

    pl. 26, figs. 1-IS.

19S9 Pseudopsulina kraLffZi, KANuMA, pp. 70-71, pl. 7, figs. 1-3, 8i 6.

19S9 Pseudopsmbna kraLffZi var. magana, IGo, p. 244, pl. 1, fig. 8; pl. 3, fig. 3.

1959 PseudQfusulina krafiZi norikurensis IGo, p. 244-245, pl. 2, figs. 1-3.

1960 PseudQfusztlina arataniensis KAwANo, pp. 226-228, pl. 24, figs. IS-20 ; pl. 2S,

    figs. 1-3.

1960 Pseuaopsulina paramotohashii MoRiKAwA, pp. 284-285, pl. 49, figs. 7-11.

1961 Pseudqfusulina kraLffZi magna, NoGAMi, pp. 216-217, pl. 10, figs. 1-4.

1961 PseudQfusulina kraLfiti, MoRii<AwA 8u IsoMi, pp. 20-21, pl. 14, figs. 1-10; pl.

    15, figs. 5 & 6.

1961 PseztdQfl{sulina norikurensis, MoRii<AwA 8e IsoMi, p. 21, pl. IS, figs. 1-4; pl. 16,

    figs. 1-7.

1961 Pseztdofitsulina krafiti form A NoGAMi, pp. 217-219, pl. 10, figs. 5-8.

1963 Pseudqflisulina kraLfiZi, SHENG, pp. 65, 191-192, pl. 16, figs. 16-18.

1963 Psettdqfttsulina kraLfiZi, CHANG, p. 206, pl. 4, fig. 11.

1963 Pseudoptsulina kraLfiCei var. magna, CHANG, p. 206, pl. 5, figs. 10, 11 & 13.

1965 Pseudqflisulina kraLfai kraLfiZi, KANMERA & MiKAMi, pp. 3eO-301, pl. 44. fig. 7.

1965 Pseuaopsulina kraLffti, KALMii<owA, pp. 123-12S, pl. IV, figs. 1-S.

1967 PseudQfttsulina krafiCti, LEvEN pp. 146-147, pl. X, figs. 5 8i 6.

1967 PseudQfusulina norikurensis kraLfftijbrmis LEvEN pp. 148, pl. 11, fig. 2.

1967 Pseudqfttsulina 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 thsulina kraX7ti ScHELLwlEN 8i DyRENFuRTH

(1909), first designated by KANMERA and MiKAMi 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 KALMii<owA restLidied the many topotype i:naterials of Pseudqfr{sulina,

kraLffZi, 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 sliell, and the height of septal fluting. She also regarded Pseudofle{-

sulina parakraLff)ti Mii<LucHo-MAcLAy synonymous with PseudQfrisulina krafiZi.

    In this connection, Pseuaqfr{sulina aganoensis HuziMoTo, Schwagerina moto-#

hashii ]X6oRii<AwA, Pseudoptsulina arataniensis, and PseudQfi{sulina paramotohashi'i

MoRii<AwA are all best considered to be mere varieties of PseudQfttsztlina kraL17Zi.
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    It is true that there may exist some form groups within Rseudbjusutina krafai ;

namely magna group, norikurensis group, and so on. But mutual relationship be-

tween these form groups are morphologically successive and didicult 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.

Pseudofusntina sp.

Pl. 11, figs. 1-3

    Description: Shell is thick fusifbrm with slightly concave mid portion and

bluntly rounded poles. The shell possesses 8g 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 iR

three specimens is O.073, O.093, 0.12, O.17, O.29, 0.36, O.37, and O.42 mm, respec-

tively.

    Proloculus is comparatively small with outside diameter of O.22 to O.27 mm.

    Spirotheca is composed of tectum and keriotheca which is very distinct in outer

volutions. Thickness of the spirotheca increases towards outward; O.Ol to O.02

mm in inner volutions, up to O.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 fbrm 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 Pseudqfitsulina,

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 Parofzsszelina DuNBAR 8e Si<iNNER, 1931

               Parofusulina motayoshiensis (MoRiKAwA)

                   Pl. 9, figs. 1-12; pl. 12, figs. 1, 3, 5 & 7

1960 RseztcloLfttsulina motayoshiensis MoRiKAwA, pp. 283-284, pl. 47, figs. 13-15,

    17-18.
1963 Schzvagerina nakaxawae NoGAMi, pp. 63-64, pl. 3, figs. 13-17.

    Description : Shell is large, elongate, ellipseidal to subcylindrical, with pointed

poles and gently curved axis of coiling. The shell of 7e to 6} 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 S.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 O.06, O,074, O.094, O.133,

O.204 and O.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 fburth 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. Its outside diameter mea-

sures O.30 to O,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, IS, 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 ancl 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 500 to 680.

    Chomata are not developed throughout the length of the shell.

    Axial fi11ings 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 nakagawae

described by NoGAMi (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 Parofusztlina, since it has elongated cylindrical shell with

comparatively intensely fluted septa, and thin spirotheca, although the fiuting of

septa seems to be not typical cuniculi.

    Prior to NoGAMi, MoRiKAwA (1960) proposed a new species called PseudbLfat-

sutina motayoshiensis, from Iwaizaki, Southern Kitakami Mountains, Japan.
MoRiKAwA's specimens contain slightly smaller shell with fewer volutions, but all

such smailer specimens may have been missing in outer volutions. Nevertheless,

other characterictics of it are quite identical with those of Schwagerina naka2awae

NoGAMi from Timor as well as the present fbrm. Therefore Schwagerina naka-

2awae may be the junior subjective synonym of Pseudbjusulina motayoshiensis.

    CHEN (19S6) described Schzvagerina hzipehensis fi:om 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.

    .Parcofletsulina subenctensa 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. CHEN illust--

rated only single specimen for his species, so the extent of specific variation in the

Chihsia form is hardly known for us,

    Schwagerinal'enkinsi THoRsTEiNsoN (1960) shows some similarity to the present

form, but the former is definitly disti.nct from the latter in having phrenotheca,

comparatively tight inner volutions in which pseudochomata are present.

Partofzesaclina izvaixakiensis (MoRiKAwA)

Pl. 12, figs. 14 & IS

1960 PsettdoLftisutina iwai2akiensis MoRmAwA, pp. 290-291, pl. 48, figs. 1-9.

    Remarks : The present form is identical with Pseudofi{sulina iwaizakiensis

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 Parofusuinia, because of having elongate shell with intensely

fluted septa and thin spirotheca, although cuniculi is not definitely observed.
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Parofcasutina sp.

Pl. 12, fig. 4

    Remarks : only a few specimens are available for this species. The present

form may be somewhat resembled Rseudofi{sulina nobilbs, 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
                             '
        Monodieacodina sp.

19S6

Pl. 12, fig. 8

    Remarks : The present fbrm possesses strongly elongated shell with pointed

poles, comparatively low and regularly fluted septa, and well developed axial fi11ings.

Therefore this form may be placed under the genus Monodiepdodina.

    Among Monodieooodina, Monodiexodina matsubaishi (HuziMoTo) may be ciosely

similar to the present form. The present specimens show to have more sharply

pointed poles, especially in inner volutions.

    Monodieecodina matsubaishi seems to be closely allied to Monodiescodina sutschanica

(DuTKEviTcH), the type species of genus Monodiexodina in shell shape, nature of

septal fiuting, and the mode of development of axial fi11ings. The morphological

relationship between these two species should be reexamined in future.

Genus Chessenetga HsV, 1942 emend. CHEN,

     Cheesenella aff. choshiensis CHisAKA

19S6

PL 13, fig. 7

Compare with :

1960 Chusenella

    Description :

choshiensis CHisAKA, p. 245,

 Only single comparatively

pl. 3,

well

figs. 1-8

oriented

; pl. 4, figs.

speclmen ls

7& 8.
･ available
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for study. Accordingly, fbllowing description is entirely based on it.

    Shell is rather large, fusiform with concave lateral slopes. The 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 O.06 to O.08 mm in the first

two volutions, and O.4-3 mm in the outermost volution.

    Proloculus is small and measured O.12 mm in diameter.

    Spirotheca consists of tectum and lower thick, coarse alveolar layer. Thickness

of the spirotheca is about O.Ol mm in the first, O.06 mm in the fourth, and O.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 fi11ings 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 250 to 300 in outer volutions.

    Remarks: This form should be placed in the genus Chusenelin, 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 CmsAKA, 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 HsU is easily distinguished from the present form by more

tightly coiled inner volutions, convex mid-portion and more severely fluted septa

of the former.

Chzdsenella psezedocrassa (KANMERA)

Pl. 10, figs. 1-4, 9-10; pl. 11, figs. iF7

1935 RgeudQfttsulina crassa, GuBLER, pp. 79-81, pl. 1, figs. 5 6i 6. (non &tsuhaa

    crassa DEpRAT, 1913)

19S4 Schzvagerina pseudbcrassa KANMERA, pp. 9-11, pl. 1, figs. 6 8c 7.

    Description: Shell is highly inflated fusiform with nearly straight axis of

coiling and bluntly pointed poles. The shell possesses nine volutions. Outer one
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or two volutions are sometimes missing by erosion. Specimens in the full grown

stage of 7g to 9 volutions are 7.9 to 8.6 mm long and about 4.4 to 4.8 mm 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 O.08, O.08,

O.11, O.26, O.33, O.43, and O.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 infiated 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 O.2 to O.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 fiuted 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 Pseuclojusulina crassa, described

by GuBLER in 193S from Cambodge. As already referred by KANMERA (19S4),
GuBLER's PseudQfatsulina crassa (pl. 1, fig. 6) obviously differs from .Pletsulina crassa

of DEpRAT (1913).

    KANMERA established a new species Schzvagerind pseudocrassa, based on the

materials from the Kuma formation, for which he referred the GuBLER's Pseudoftz-

sulina crassa.

    However, the holotype specimen of Schwagerina pseudocrassa illustrated by

KANMERA 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.

    Pseudofhrsulina oxakii CHisAi<A, from 'I'akagami 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.



                    PERMIAN FUSULINIDS FROM IMO 34S
               Family Verbeekinidae STAFF 8c WEDEi<iND, 1910

             Subfamily Verbeeldninae STAFF 8u WEDEi<iND, 1910

              Genus Pseudodoliotina YABE 8i HANzAwA, 1932

    Type species : Pseudoaoliolina oxawai 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, Parcofitsulina kaerimigensis

to Yabeina-Lt4)idolina zone.

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

    Remarks : Genus Pseudodoliolina was established in 1932 by YABE 8i 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 lopida. . . . Hence there is a need of new

generic and specific name for the foraminifera "Doliolina lopida" auct., non

ScHwAGER, and we wish to propose at this place l'seztdodoliolina and Pseudodoliolina

ogawai for the genus and species respectively."

    Following YABE 8u HANzAwA, THoMpsoN & FosTER (1934) designated the speci--

men illustrated by DEpRAT as figure 12 on his plate 3 as the lectotype of Pseudodo-

liolina oxawai.

    A number of Pseudodoliotina have been described mainly from Asia and some

from America and Europe.
    In reexamining the various forms of Psettdodoliolina described until present,

the writer reached the conclusion that it may be possible to divide them into 4

species groups; narnely, Pseudodoliolina o2awai group, Pseudodoliolina pseudo-

lapida group, Psezadodoliolina elongata sp. nov. group (described in this article),

and Pseudodoliolina gravitesta group.
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    Arnong them, in the Pseudodoliolina o2awai group, the following species may

be included; Pseudodotiolina ogazvai YABE & HANzAwA, Pseudodoliolina o2awai

minima Mii<LucHo-MAcLAy, Pseudodoliolina oliwijbrmis THoMpsoN, WHEELER 8i
DANNER, Pseudodoliolina chinghaiensis SHENG, and Pseudodoliolina aylindeica SKiNNER

8e WiLDE. This group is the most primitive group in which most species have

comparatively small shells, 3.0 to 5.2 mm (mainly 3.S 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. Its thickness is mostly within

20 microns even in the outer volutions. As to the shell form, Pseudodoliolina

chiughaiensis possesses thick fusiform and rather large shell, and Pseudodoliolina

olivijbrmis 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 comi:non features between them.

    The second group is represented by Pseudodoliolina psez{dolepida (DEpRAT),

and Pseudodoliolina pulchra SHENG. They possess the larger and cylindrical shell

(over S.O mm in length), with more numerous volutions, slightly thicker and dif-

ferentiated spirotheca in outer whorls, and more developed parachomata than

Pseudodoliolina oxawai group.

    Pseudodoliotina elougata sp. nov. is grouped in the third group. This species is

found from the Atetsu Plateau and Kitakami Mountains. This species is typical
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in its elongate large shell, Features of the inner volutions are just like that of

Rseuclocloliolina oxawai. This new species rangcs from the ATboschwagerzna dbuvillei

zone to the lower part of Ydbeina-Lqpidolina zone. Therefbre, it is highly possible

that it is a direct descendant of. Rseudbdbldolina ogawai.

    The Pseudbdbtiotina gravitesta group here designated includes single species

described by IsHii and NoGAMi (1961) under the name of Metadbliolina gravitesta.

IsHii and NoGAMi 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 Ydbeina-

Lapidblina zone. The writer agrees that the wall structure may be one of the im-

portant criteria distinguishing species in Rseudbcloliblina. 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 IsHii and NoGAMi, 1961, and ATbomiselhaa SHENG, 1963. So far as the diag-

nosis of ATeomisellina is concerned, it does not confiict with that of Metadbliolina.

AIeomiselhaa multiwoluta SHENG, ATeomiselhaa sphaeroidea SHENG, ATbomisellina

dbuvillei(GuBLER) are still assumed to difler from Metadoliolina grawitesta, the type

of genus Metadoliolina, in having lh'sellina 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.

Psendodotiolina elongata sp. nov.

Pl. 14, figs. 1-6.

1961 Aseuclodoliotina sp, indet., NoGAMi, pp. 166-167, pl. 1, fig. 12,

    Materials: Holotype, UHR 1906S (pl. 14, fig. 1). Paratypes, UHR 19060-

19064, and UHR 19096-19101.
    Diagnosis: Rseztdbdoliolina 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 pessessing 13 to 14e 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 ; O.04 mm in the first two volutions, O.12 to O.13 mm

in the outer volutions.

    Proloculus is medium in size ; O.13 to O.15 mm in outside diameter.

    Spirotheca consists of tectum and lower massive layer. It is very thin through-

out the shell, and does not exceed O.O15 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#ny

ever, they are 7 to 11 in inner two volutions, and approximately 40 to 4S in the outer--

most few volutions.

    Parachomata are prominent. They are e 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 mentiened 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 Rseudbdoliolina 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 Pseudbdbliolina oxawai by larger shell

and more elongate cylindrical shell shape. The inner characters of this form are

very close to Aeudodoliima oxaavai. In 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 Rseudbdolfolina o2awai.

    The writer also found specimens to be specifically identical with this new

species from the lower part of IYdbeina limestone developed in Kanokurayama,

Sumita-Cho, Southern Kitakami Moutains, in association with Yabeina (Lapidblina)

multisqptata shiraiwensis, Rseudbcloliolinagravitesta, Kahlerina sp. and others. There-

fore this species ranges from the Alboschwagerina dbuvillei to the Iowers part of

Yabeina･-Lqpidblina zone.

Genus Verbeekina STAFF, 1909

Verveekina verbeeki (GEiNiTz)

       Pl. IS, figs. 1-3

1876

1912

1925

1935

1936

Fusuhaa verbeeki GEiNiTz, pp. 399-400.

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

J7brbeekina verbeeki, OzAwA, pp. 48-51, pl. X, figs. 6 8i 7.

I7erbeekina verbeeki, GuBLER, (without description), pl. 1, figs.

I7krveekina verbeeki, THoMpsoN, pp. 197-200, pl. 24, figs, 1-8.

1O-16.
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1936 Verbeekina werbeeki, HuziMoTo, pp. 101-104, pl. 9, fig. 8; pl. 21. figs. 1-3.

19S6 Verbeekina werbeeki, CHEN, pp. 9, 47-48, pl. IX, figs.S 8e 6; pl. XIII, figs.1

    &2.
1957 IZerbeekina werbeeki, KoBAyAsHi, pp. 301-302, pl. IX, figs. 5-7.

1958 Verbeekina verbeeki, ToRiyAMA, pp. 205-208, pl. 37, figs. 1-6;pl. 38, figs. 1-

    6.
?1960 JZerbeekina sp., MoRii<AwA, p. 296, pl. 53, figs. 10 8e 11.

1961 l7erbeekina verbeeki, NoGAMi, pp. 167-169, pl. 2, figs. 1-4.

1963 Vilerbeekina verbeeki, SHENG, pp. 8S-86 & 215-216, pl. 26, figs. 1-S.

1964 JZerbeekina verbeeki, IGo, pp. 62-63, pl. 2, fig. 1.

196S Verbeekina werbeeki, IsHu & NoGAMi, p. 24, pl. 8, figs. 4-6.

    Description : Shell is spherical with slight umbilical pole regions. The shell

in the mature stage of IS 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 unieq

form although it gradually tends tight outward. Height of volution in an illustrated

specimen (pl. 1S, figs. 2) is up to O.1O mm in inner few volutions, and O.29 to O.34 mm

m 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.

Thicl<ness of the spirotheca gradually thickened towards outward ; O.OIO to O.OIS

mm in inner volutions and O.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.

    MoRii<AwA once illustrated l7erbeekina sp. (which he referred as l7erbeekina

verbeeki in 1958) from Iwaizaki, Southern Kital<ami Mountains in 1960. 0ne of
his specimens (pl. S3, fig. 10) shows strong similarity to the specimens now in con-

sideration. Unfortunately most specimens treated by MoRii<AwA are strongly

deformed and too poorly preserved to mal<e more detailed comparison.
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           Subfamily Neoschwagerininae DuNBAR & CoNDRA, 1928

                    Genus Cancellina HAyDEN, 1909

                            Casccellina 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 O.84 mm, the width of O.S5 mm and form ratio of 1.6.

    The shell is coiled tightly and uniformly. Height of volution gradually inc-

reases towards outward ; about O.02 mm in inner volutions, and O.OS to O.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-

tmuous with parachomata. Thickness of the tectum and lower massive layer is

within O,O15 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, swnoella (HoNJo, 19S9), 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 Canceltina known to date. All previous species are readily

distinguished from this form in this connection.

192Sa

   fig･

Yabeina

Alboschwcrg

8; pl. 4,

      Genus Yabeina DEpRAT, 1914

     Subgenus Lepidolina LEE, 1933

(Lelpidolina) mzeltisaptata shiraizvensis (OzAwA)

      Pl. 13, fig. 8; pl. Ig, figs. 4-6.

erina (Yabeina) shiraiwensis OzAwA, (without description),

figs. 1-3.

pl. 3,
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1925b Yabeina shiraiwensis, OzAwA, pp. 63-64, pl. 2, figs. 2b, 5c. 7b; pl. 10, figs.

    1&2.
1936 Yabeina shiraiwensis, HuziMoTo, pp. 122-123, pl. 26, figs. 1-7.

1942 Yabeina shiraizvensis, ToRiyAMA, pp. 24S-246, pl. 24, figs. 14 8i 15; pl. 25,

    figs. 1-6.

1942 Yabeinayasubaensis ToRiyAMA, pp.246-247, pl.25, figs. 8-14.
1954 Yabeina yast{baensis, KANMERA, pp. 18-19, pl. 2, figs. 10-13; pl. 5, figs. 14-

    19.

19S6 Yabeina shiraizvensis, CHEN, pp. 13, 64-65, pl. 14, figs. 8-10.

19S6 Yabeina shiraiwensis, MoRiKAwA, pp.254-2g6, pl.33, figs, 1-11; pl.34,

    figs. 8 & 9.

19S8 Yabeina shiraiwensis, ToRiyAMA, pp.236-241, pl.44, figs. 1-15; pl.4S,

    figs. 1-11.

19S8 Yabeina yasubaensis, ToRiyAMA, pp.241-244, pl.4S, figs. 12-14; pl.46,

    figs. 1-16.

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

19S8 Yabeina shiraiwensis, MoRmAwA et al., p. 89, pl. 6, fig. 9 8e 10.

1960 Yabeina shiraizoensis, MoRiKAwA, pp. 296-297, pl. S3, figs. 1-9.

1960 Yabeina shiraizvensis, CHisAKA, pp. 248-249, pl. S, figs. 1-10; pl. 6, fig. S?.

1961 Yabeina shiraizvensis, NoGAMi, pp. 186-190, pl. figs. 1-8.

1962 Yabeina shiraizoensis, IsHii 8e NoGAMi, pp. 63-66, pl.1 8e 2.

1962 Yabeina shiraizvensis, CHisAi<A, pp. S46-S47, pl. 8, fig. 7.

1964 Yabeina multisoptata shiraiwensis, IsHii 8e NoGAMi, (without description),

    pl. S, figs. 1-3.

    Remarl<s: The present Kitakami specimens are more or less deformed.
Nevertheless all observable fearures, however, reveal its close similarity to Neosch-

zvagerina (Yabeina) shiraizvensis OzAwA in 192S, which was lately redefined by

IsHn and NoGAMi (1964).

    Lapidolina multisqptata group and Yabeinaglobosa 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 (19S9), and HAsEGAwA (196S) advocated.

So he tentatively treats Lepidolina as a subgenus of Yabeina.
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Explanation of Plate 9

All figures are × 10
Pa7Aaf'usttl･ina moto)･'oshiensis (MORIKAWAI)

Figs. 1, 2, 8, 10 & ll. Axial sections sho"ring variation in the mode of

     UHR 18970, 2. U}-IR 18884, 8. UHR 18974, 10. UHR 18975, 11, UHR

Figs. 3, 5 & 6. Sagittal sections,

     3. UHR 18893, 5. UHR 18885, 6. UHR 18974,
Fig. I2. 0blique sagittal section. UHR 18899.

Fig. 9. 0blique section, UHR 18883a,
Figs. 4 & 7. TangentiaL sections. 4. UHR 18887, 7. UHR 18883b

All specimens are from loc. 7,

All specimens are frona the Kanokura series, middie Perniian, developed in

-Cho, Rikuzentakada City, Iwate Prefecture.

 septal flutings. 1,

18882,

Imo-Sawa, Yahagi
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Explanation of Plate IO

Chusenella psettdocrassa ('KANMERAI

Figs. 1 & 3. S}ightly ob!ique axiai setions,

     1. UHR I8968 x 20, 3, UHR 18887 × 20.
Fig. 2. 0blique section. UHR 18963 × 20.
Figs. 9 & le. Sagittal sections.

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

Pseudofitsuli,na kra.fifo (SCHELLWIEN & DYRENFURTH)

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

Rattserella al'veolaris CHol sp. nov,

Fig. 5. Holotype, axial section. UHR 18971 × 20.
Fig. Il. Enlarged part of fig. 5, showing tlie alveolar wal} structure in the outer volution.

× 100.

Codonofitsiella eivPl･i,cata (KAwANo)

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

     7. UHR 18887a × 50, 8. UHR 18887b × 50.
All specimens are from Ioc, 7

All specimens "tere･ coliected f}"om the I<anokura series, middle Permian, developed in Imo-

Sawa, Yahagi-Cho, Rikuzentakada City, Iwate Prefecture.
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PLATE　ll　AND　EXPLA聾ATIO］N



ExplanatioR of Plate ll

All figures are × 10

Figs. 1-3. Pseitdofttsulina sp.

     1. Axial section. UHR 19089.
     2, Sagittal section showing tightly coiled inner volutions. UHR 19090.

     3. 0bliclue axial section. UHR 19091.

Figs. 4-7. Cltusenella Jbse'ttdocrassa (KANMERA)

     4. Sagittal section. UHR 19094,
     5, Incomplete axial section showing well deveLoped axiai fillings. UI'IR 19095.

     6. Typical axia} section. UHR 19093.

     7. TangentiaE section. UHR 19092.
Flg. 8. Ra,userella. al'veolaris CHol sp, nov.

       Axial section of inner stage of a paratype specimen. UHR 18884
Figs. 1-7 are from. Ioc. 1, and fig, 8 is from Ioc, 7,

AH specimens were col}ected froin the Kanokura series, middle Pennian, cleveloped in

Sawa, Yahagi-Cho, Rikuzentakada City, Iwate Prefecture,

lino-
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1）LA7E　1露AND　EXPLANA710N



Explanation of Plate 12

All figures except for figs. 11-13 are × 10. Fig, 11 is × 100 and figs. 12
Fig. 1, 3, 5 & 7. Para.f}ttsitlilna. 'motoyoshienis (MORIKAWA)

    1, 3 & 5. Axial section. 1. UHR 19075. (Ioc, 5), 3. U}'IR 19074. (loc,

    (loc, 5), 7. Sagittal section, UI'IR 19077, (loc, 5)

Fig. 4. Para.fit.sulin.a sp. A

          Axial section, UHR 19078. (loc, 5)
Fig. 6. Parafusulina sp. B Axia} section. UHR 19080, (loc. 5)
Il'ig. 8. MonodiexodOza sp. Axial section, UHR 19079. (loc, 5)
Figs. 2 & 9. Aeudofitsulina sp. B

          2. Sagittal section. UHR 19083, (loc, 4)

          9. Poorly pre'served axial section. UHR 19084. (loc. 4)

Fig. 10. Pseudohisu.lina? sp. A

          Tangentiai section. UHR 19086, (ioc, 4]

Figs. 11 & 12. Codonofitsiella e:rPl･icata KAwANO

          11. Sagittal section, UHR 19082, (loc, 4)

          12. Axial section. UHR 19081. (loc. 2)

Fig. I3. Cancellina sp.

          Tangential section. UHR 19088. (loc. 2)
Figs. 14 & 15. 1)a.ra,.fitsulin.a inva･ixafeiensis ()y/IORIKAwA.)

          14, Axial section. UHR 19087. (loc. 4)

          15. Tangential section. UHR 19085. (loc. 4)

Ali specimens were collected from the I<anokura series, niidd}e Permian,

Sawa, Yahagi-Cho, Rikuzentakada Cit>T, Iwate Prefecture.
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PLA7E　13　AND　EXPLANA710N



Explanation of Plate l3

All figures except fig. 9 are × 10. Fig. 9 is × 20.
Figs. 1-6. 1?ara.fusitlina. moto),oshiensis (MORIKAWA)

           1, 4 & 6. Axial sections. 1. UHR 19073. (ioc, 2.), 4. UHR 19069. (loc, 3),

                    6. UHR 19071. ('Ioc. 2.)

          3. Tangential section. UHR 19068. (loc. 3.)

          2 & 5, Sagittai sections. 2, UHR 19070. doc. 3), 5. UHR 19072. (Loc. 3)

Fig. 7. Chusenella aff, choshiensis (CHISAKA)

          Deep tangential section. UHR 19067. (Ioc. 2.)

}F'ig. 8. )Jabeina (Lepi,dolina,) ･muUisePtata shilra.ilzvensis (OZAWA)

          Sagittal section. UHR 19059, (loc, 10)

Fig. 9. Ilseudofusulina? sp, B
          Axial section. UHR 19066. (loc. 10>

ALI specimens were co}lected l'rom the Kanokura series, niiddle Permian, developed in

Sawa, Yahagi-Cho, Rikuzentakada City, Iwate Prefecture,

imo-
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1）LA7E　14　AND　EXI）LANATION



ExplaRation of P}ate l4

Pse･udodoliolina atongata CHol sp. nov.

F!gures 1-5 are × 20. Fig. 6 is × 10.
Holotype is fig, 1, Others are paratypes.

Figs. 1 & 2. Axiai sections. 1. UHR 19065, 2. UHR 19060.

Fig. 3. Slightiy oblique section, UHR 19063.
Figs. 4 & 5. Sagittal sections, Fig. 5 is largely deformed. 4. UHR 19064, 5. UHR 19061,

Ii'ig. 6. Deep tangential section. UHR 19062.
All specimens are from ioc, 9,

All specimens were collected from the Kanokura Series, middle Permian. developed in Ime-

Sawa. Yahagi-Cho, Rikuzentakada City, lwate Prefeeture.
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1》LATE　15　AND　EXPLANATION



Explanation ef Plate 15

All figures except for figs. 7&8 are × 10. Figs. 7&8 are × 20,
Figs. 1-3. Verbeefeina 'verbeeki (GEINITZ.)

          1. Deep tangentiag section, UHR 19051.
          2. 0blique section. Outer few irolutions are missing, UHR 19052.

          3. Paral}el section. LJI'IR 19053,

Figs. 4-6. )-kebeina (Lepidoli,na.) multisePtata slti.raizvensis (OzAWA)'

          4 & 6. Two sagittal sections, 4. UHR 19054, 6. UI'IR 19056.

          5. AxiaL section, UI'IR 19055.
Fig. 7. Codon.-fttsiella sp.

          Axial section, UHR 19057.
Fig. 8. Codonofusiella e:t'Pticata (I</AwANo)

          Para}lel section. UHR 19058.
Ai! speci}nens are from }oc. 4.

AII specimens were coliecteci f'rom the Kanokura series, middie Permian, developed

Sawa, Yahagi-Cho, Rikuzentakada Cit}T, Iwate Prefecture.
in Imo-
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