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Neoschwagerina from Joé Limestone, Hiroshima Prefecture, West
Japan, with a note on Neoschwagerina margaritae DEPRAT

By
Kimiyoshi SADA

" With 2 Text-figure and 1 Plate

ABsTRACT. Neoschwagerina margaritae DEPRAT from the Carboniferous and Permian Joé Lime-
stone exposed in Sanwa-Cho, Jinseki-Gun, Hiroshima Prefecture*, is described and discussed in
this paper. - . :

InTrRODUCTION

Neoschwagerina margaritae DEPRAT is a well-known and valuable species which,
together with' its allied species, plays an important roll in the Zonal subdivision
and correlation of the Middle Permian rocks in the province of eastern Asia. It
was originally described from Lang-Nac, Indochina, and has been widely identified
elsewhere in many districts of Japan and in China. In the Akasaka Limestone in
which the successive occurrence of several neoschwagerines has been known it de-
fines a particular Zone, that is, Ng Zone, as designated by Ozawa (1927), between
the Neosckwageb'ina craticulifera Zone (Nc) below and the Yabeina globosa (= Yabeina
inouyei DEPRAT) Zone (Ng) above, though it ranges still higher into the last Zone.
~ Outside of Akasaka it was described from the Kwanto massif (Hujmmoro = Fuzi-
MOTO, 1936), the Ibukiyama Limestone (Kosayasal, 1957) of Central Honshu, the
Maizuru belt (Nocawmr, 1958), the Akiyoshi Limestone (Ozawa, 1925), and the
Atetsu Limestone (Sapa, 1961, Nocawmr, 1961) of western Honshu, and the Tosa-
yama Limestone (TORIYAMA, 1947) of Shlkoku, and was listed also from many
other districts.

Meanwhile there have been known three species which are morphologically-
very close to IN. margaritae, and occur usually in association with it. They are N.
colaniae OzAwWA, N. iisakai TorivAMA, and N. cheni SHENG. _

In the course of my investigations on the Carboniferous and Permian Joé Lime-
stone developed at Sanwa-Cho, Jinseki-Gun, Hiroshima Prefecture*, I made a -
large collection of neoschwagerines including NN. margaritae. 1 have also had a good
opportunity of examining the hypotypes of V. margaritae identified by Ozawa
from Akasaka and Akiyoshi and original specimens of N. colaniae and studied the

illustrated figures of N. éisakai and N. cheni. Through these studies I have been
~ led to the conclusion that these three species are synonymous with N. margaritae
from Akasaka.

* [RRRATEER=RT, SRILAKE.
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Text-fig. 1. Map showing the fossil locality in the Joé area, Hiroshima Prefecture.

In this paper I give a description of N. margaritae obtained from the locality
stated above and discuss on V. colaniae, N. iisakai and N. cheni.
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DescripTIiON

Subfamily Neoschwagerininae Dunser and ConDrA, 1928, emend.
KANMERA, 1957.
Genus Neoschwagerina Y ABE, 1903
Neoschwagerina margaritae DEPRAT
Pl. 58, figs. 1-12.

1913. Neoschwagerina margaritae DepRAT.  Mém. Serv. Géol. I Indockine, Vol. 2, fasc. 1, i)p. 58-60, pl. 8,
fig. 10, pl. 9, figs. 1-3. R

1925. Neoschwagerina margaritae Ozawa. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. 45, Art. 6, pp. 58-60, pl.
11, figs. 1-3. )

1925. Neoschwagerina margaritae CoLANI.  Mém, Serv. Géol. I’ Indochine, Vol. 11, fasc. 1, pp. 122-123, pl.:
24, figs. 1-7, 9. : ’

1927. Neoschwagerina margaritae Ozawa. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. 2, Part 3, pp. 158-159,
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pl. 42, figs. 5, 7.

Neoschwagerina colaniae Ozawa. Jour. Coll. Sci. Imp Univ. Tokyo, Vol. 2, Part 3, pp. 157 158,
pl. 40, figs. 9, 12, 13; pl. 41, figs. 3, 11.

Neoschwagerina margaritae Huzimoro. Sci. Repts. Tokyo Bunrika Daigaku, Sec. C, Vol. 1, No. 2, pp.
117-118, pl. 22, figs. 16-17; pl. 24, figs. 1-4.

Neoschwagerina margaritae Tortyama. Japan. Jour. Geol. Geogr., Vol. 20, No. 1, p..79, pl. 17, figs.
9-10. .

Neoschwagerina fisakai TorivAMA. Japan. Jour. Geol. Geogr. Vol. 20, No. 1, pp. 81-82,.pl. 17, figs.
12-17.

Neoschwagerina margaritae CHEN.  Palaeontologia Sinica, New Ser B, No. 6, pp. 62-63, pl. 10, figs.
1-3.

Neo:chwagmna colaniae CHEN Palacontologia Sinica, New Ser. B, No, 6, pp. 59-60, pl. 14, figs. 1-4.
Neoschwagerina margaritae KoBavasur. . Sci. Repts. Tokyn Kyoiku Daigaku, Vol 5, No. 46, pp. 306-
308, pl. 10, figs. 3-6.

Neoschwagerina cf. colaniae KOBA.YASHI Sci. Repls. Tok_yo Kyoiku Dazgaku, Vol 5,' No. 46, pp.-305~
306, pl. 10, figs. 1-2.

Neoschwagerina cheni SnENG. Palacontologia Sinica, Vol. 6, No.-3, pp. 287—288, pl 2, ﬁgs 1-4.
Neoschwagerina cf. margaritae NOGAMI Mem. Coll. Sci. Univ. Kyoto, Ser. B., Vol. 25, No.'2, p. 101,
pl 1, fig. 7.

.Neoschwagenm margaritae SADA.  Jour. Sci. Hiroshima Univ. Ser.C. Vol. 4, No. 1, PD. 125-126, pl.
13, fig. 9. _ i
Neoschwagerina margaritae Nocamr. Mem. Cdll. Seci, Univ. Kyoto, 'Ser. B, Vol. 28, No. 2, pp. 177~
180. Taf. 4, figs. 1-5. ) o

Neoschwagerina cheni Nocamr. Mem. Coll. Sci. Univ. Kyoto, Ser. B, Voi. 28, No. 2, pp. 174-177.

Taf. 3, figs. 1-6.

Neoshwagerina margaritae GUBLER. - Mém. Soc. Géol. France. Neu. Sér. tome ‘11, fasc. 4, pp. 106—108
pl.7,fig. 1, 4,6, pl. 8, fig. 4.

Types.—The illustrated specimen of DepraT (1913, pp. 58-60, pl. 9, fig. 1), one
of syntypes, was des1gnated as the lcctotype of Neoschwagerina margaritae DEPRAT.

Materzal —The neoschwagermes specimens of thin sections are ninty five from
Joé Limestone. A number of them contains the present species. OzawA’s speci-
mens (1927, pl. 47, figs. 5 and 7; pl. 41, figs. 10 and 11), from the Akasaka Lime-

stone,

were examined. Many specimens collected from the same limestone were

also studied.

Measurements.— A
' (in Millimeters)

Specimen | Loc. Rg. No. Pl fig. L “W. ‘R. Prol.
1 J. | IGSH-Je-SA 60-43 65 1 4.90 4.00 1.2 .037

2 J. | IGSH-Je-SA 60-07 B 4.40 3.90 1.1 .037

3 J. | IGSH-Je-SA 60-13 65 2 5.00 4.50 1.1 .043

4 J. | IGSH-Je-SA 60-14. 65 4 5.15 4.75 1.1 .037

5 J. | IGSH-Je-SA 60-37 65 6 4. 60 4.70 1.0 . 037

6 J. | IGSH-Je-SA 60-39 65 10 . .018

7 J. | IGSH-Je-SA 60-48 65 8 4.25 4.00 1.1 .037

8 J. | IGSH-Je-SA 60-32 65 9 4.75 4,25 1.2 . 037

9 J. | IGSH-Je-SA 60-05 65 5 4.00 3.75 1.1 . 037
10 J. | IGSH-Je-SA 60-57 . 056
11 J. 1 IGSH-Je-SA 60-09 5.50 4.90 1.1 . 056
12 J. 7| IGSH-Je-SA 60-61 3.00 2. 50 1.2 . 037
13 J. | IGSH-Je-SA 60-33 - . 6. 50 5.75 1.1 . 056
14 J. | IGSH-Je-SA 60-40 65 7 6.00 4. 40(+)? | about 1.3 . 037
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Description.—The shell of Neoschwagerina margaritae DEPRAT is moderate and
globular to ellipsoidal, having a straight axis of coiling and rounded poles. The
lateral slopes are convex. The adult specimens of sixteen to eighteen volutions
are 4.60 mm. to 6.50 mm. long and 4.70 mm. to 5.75 mm. wide. The form ratio
ranges from 1.0 to 1.1. Average ratios of the half length to the radius vectors in .
twelve specimens are 0.9 to 1.0 for the first to the fifth volutlon and 1.1 for the
sixteenth.

The proloculus is minute and spherical. Its outside diameter ranges from 18 to
56 microns, averaging 38 microns in twelve specimens. The shell is tightly coiled
in the inner volutions and expands uniformly in the outer ones. Average radius
vectors in twelve specimens are 61, 102, 160, 239, 319, 420, 531, 674, 831, 1001,
1171, 1378, 1524, 1731, 1935, and 1983 microns, respectively, for the first to the
sixteenth volution. '

The chambers are almost the same in height throughout the Iength of the shell
except for very extreme polar ends.

The spirotheca is thin, and consists of a tectum and a keriotheca. Average
thickness of the spirotheca at its thinnest point between adjacent septula in twelve
specimens is 10, 12, 13, 14, 13, 15, 17, 16, 17, 18, 17, 20, 23, 19, 23, 19, 23, 28, and
24 microns, respectively, for the first to the sixteenth volution.

The septa are somewhat thicker than the spirotheca, and composed of the down-
ward deflection of the tectum and the keriotheca on both sides of the tectum for a
short distance. In the inner volutions the tips of the septa are almost in contact
with the deposits with the dense materials which seem to be continuous with the
parachomata, but in the outer volutions those of most septa are solidified and bent
anteriorly at a considerably high angle. The average septal counts in eight speci-
mens are 5, 8, 13, 15, 17, 16, 14, 14, 15, 19, 25, 24, and 21, respectively, for the
first to the thirteenth volution. The primary spiral septula are present throughout
the shell. The secondary spiral septula are not observable in any part of the inner
volutions, but the rudimentary secondary spiral septula rarely appear in the outer
volutions, even if later in the eleventh volution. They are very short.

The foramina are circular to ellipsoidal in section.

Ontogeney.—The ontogenetic change of this species is remarkable in the shell-
form, the number of volution and the appearance of the secondary spiral septula.

In the early stage (the shell of five volutions) of growth, the shell is spherical,
with straight axis of coﬂmg The form ratio ranges from 0.7 to 1.3, but many of
them are less.than 1.0. One to two, very short axial septula occur between the
adjacent septa. The secondary spiral septula are absent.

In the middle stage (the shell of eleven volutions) of growth, the shell is spheri-
cal to ellipsoidal, generally with a form ratio of 1.1. Two to three axial septula are
developed between the adjacent septa. They are moderately long, having a length
of about one-third to a half of the height of the chamber. The rudimentary
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secondary spiral septula occasionally appear in the eighth to the eleventh volution.

In the early adult stage (the shell of sixteen volutions) of growth, the shell is
globular to ellipsoidal, with the form ratio ranging from 1.0 to 1.4. The shell ex-
pands rapidly. Three or four axial septula develop between the adjacent septa.
They are irregular in the length and profile, and are thinning at their tips. A

.single secondary spiral septulum commonly occur between the adjacent primary -
spiral septula.

In the late adult stage (the shell of eighteen to twenty one volutions) of growth,
the shell is usually globular giving the form ratio of 1.3. The septa are widely
spaced and are numerous. Three to four axial septula occur between the septa.
The secondary spiral septula are present between the adjacent primary ones, but
they are short. ’

Remarks.— The above description is based entirely upon the Joé specimens. This
species is most abundant among species of the genus Neoschwagerina of Joé Lime-
stone, and shows a fairly wide specific variation in shape and size of the shell.
The present specimens, however, can be identified with Neoschwagerina margarz'tde
of DeprAT (1913) and Ozawa (1925), etc. as discussed below.
DeprAT’s illustrated specimens (1913, pp. 58-60, pl. 8, fig. 10; pl. 9, figs. 1—-3)
of eighteen volutions are somewhat larger and more globular than the Joé speci-
mens. The shells expand more rapidly. The primitive secondary spiral septula oc-
casionally appear in the thirteenth volution.
The shell of Ozawa’s illustrated specimens (1925, Vol. 45, Art. 6, pp. 58-60, pl.
11, figs. 1-3) is larger and more globular. The shell of the eighteen volutions is
10 mm. long and 8 mm. wide, with the form ratio of 1.25. The number of volu-
tions of the syntypes ranges from fifteen to twenty. One axial septulum can be
> seen in the inner seven volutions and two to four in the fifth volution. The
secondary spiral septula occasionally appear in the eighth volution.
Ozawa’s specimens are considered to be of the early or the late adult stage of
the species. :
In 1927, Ozawa also described and illustrated the same species (pp. 108-159,
pl. 42, figs. 5, 7) from the Akasaka Limestone. The shell of sixteen volutions il-
lustrated as fig. 7 is larger and more globular than the Joé specimens. The speci-
mens attains 7 mm..long and 5 mm. wide, with a form ratio of 1.4. It expands
~slowly in the inner five volutions, but rapidly in the outer several volutions. One
axial septulum is developed in the inner five volutions, but two to three.axial septula
are present in the eleventh volution, three to four in the fifth volution. A single

_secondary spiral septulum first appears between the prlmary septula in the eight
volution, but it is short. -

 Honjo (1959) established Yabeina ozawai based on Ozawa’s N. margaritae (1927,

pl. 42, figs. 5, 7). Ozawa’s specimens, however, can be determined as being of
the middle stage of N. margaritae DEPRAT, as can be judged from all the observable
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internal feauturs and statistics. )

All the described and illustrated specimens of IN. margaritae came from the west-
ern slope of the Joé Limestone at Sanwa-Ché, Jinseki-Gun, Hiroshima Prefecture,
‘where the associated species are V. craticulifera and N. douvillei.

Comparison.—The shell of Neoschwagerina margaritae DEPRAT somewhat resembles
N. simplex Ozawa (1927, pp. 153-154, pl. 34, figs. 7-11, 22, 23; pl. 37, figs. 3a,
6a) including N. irregularis Honjo (1959, pp. 146-147, pl. 3, figs. 2, 7). These
forms can be distinguished easily, however, for N. margaritae has a larger shell,
larger number of volutions, smaller parachomata, slender primary spiral septula,
more closed space between adjacent spiral septula, thinner spirotheca, more tightly
coiled shell in the inner volutions, and more numerous axial septula at maturity.

-The general shape and rate of expansion of NN. margaritae are similar to those of
* Yabeina katoi Ozawa (1927, pp. 159, pl. 41, figs. 1, 10; pl. 42, fig. 3, pl. 43, figs.
la, 2a, 3, 5, 6) from Akasaka. These forms may be easily distinguished, however,
by the smaller shell of mature specimens of N. margaritae, its lower chambers for
corresponding volution, its thicker spirotheca, its broader septa and primary spiral
septula, and shorter secondary spiral septula.

(vol.)

2or

Il ] 1 L 1
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Text-fig. 2. Text Figure showing the specific variation of the radnus vectors in
’ Neoschwagerina margaritae DEPRAT i
1. Neoschwagerina margaritae, Cuen (1956). 2-6. Variation of N. margaritae, Sava. 3. N. iisakai
Torivama (1947). 4-5. N. cheni Suenc (1958) 7. N. margaritae DepraT (1913). 8. V. colaniae
Ozawa (1927).
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Discussion.—On studying numerous specimens at my disposal and many author’s
illustrated figures of . margaritae, 1 can hardly avoid the conclusion that this
species is fairly variable in characters of the shell through growth as stated above.
Ozawa established Neoschwagerina colaniae (1927, pl. 40, figs. 9, 12, 13,; pl. 41,
figs. 3, 10) on the specimens from the Permian limestone of Akasaka. The shell
of the species is moderate, and globular to ellipsoidal. The specimen of. fifteen
volutions has a form ratio of 1.3, minute and spherical proloculus, and thin spi-
rotheca. The secondary spiral septulum occasionally appears in the eighth volu-
tion, but it is short.
~ Reexamining the holotype of N. colaniae (1927, pl. 11, fig. 11) which was reported

with N. margaritae, the latter of which can be identified by a slightly tangential

section, I notice that characters of N. colaniae are exactly similar to those of N.
_margaritae of DEprRAT (1913) thrbugh the ontogenetic developments, and the form-
er may be a form showing the early adult stage of the latter. They are, in my
opinion, synonymous with each others. CuEN, and Kosavass described the forms
(Chen, 1956, pp..59-61, pl: 11, figs. 5-8; Kosavasui, 1957, pp. 305-306, pl. 10, .
figs. 1-2) under the specific name of N. colaniae from the Permian rocks of Maok’ou
and Ibukiyama, respectively, where they are really associated with the adult form -
of N. margaritae. Judging from their descriptions and illustrations, they may be,
like OzawaA’s specimens, identified with N. margaritae.

Neoschwagerina tisakai ToriyAMA (1947, pp. 81-82, pl. 17, figs. 12— 17) from Tosa-
yama, Shikoku, quite resembles the lectotype of N..margaritae DEPRAT. through
growth. In both forms the shells are moderate and globular. The primary spiral
septula are well developed and closely spaced. The secondary spiral septula are
observable in the middle stage. According to description, N. iisakai is associated
with N. margaritae in the locality stated above and is not distinct enough for the
specific separation from N. margaritae. The axial section of the species (pl. 17,
fig. 12) is comparable with the early adult stage form from Joé. I conclude that
N. iisakai should be referred to N. margaritae DEPRAT

SuENG (1958) set up Neoschwagerina cheni (pp- 287-288, pl. 2, ﬁgs 1-4) on the
species from the Maok’ou limestone of Chinghai Province, Northwestern China.
He remarked that the species was closely similar to N. margaritae DEPRAT in gener-
al shape of the shell, but differed therefrom in having much smaller size and fewer
volutions, and width of the corresponding volutions in the species was much smaller
in N. margaritae DEpRAT. Examining the descriptions and the illustrations of V.
cheni SHENG, I recognized that the internal features and measured values fully
agreed with those of the early adult stage of N. margaritae DepraT. The difficulty
is, in fact, how to distinguish . ckeni from N. margaritae. Taking all this fact
under the consideration, both species may probably be conspecific.

The statistics of my specimens nearly equal to those of CHEN’s specimens (1956).
The shells of his illustrated specimens (pl. 10, figs. 1-2), however, have larger
number of volutions and are larger than any other known ones. They may be
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_ comprehended as the fully grown individuals.

l
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ExpLANATION OF PraTE LVIII
All x 10, except Fig. 12.

Fics. 1-12. Neoschwagering margaritae DEPART -+ oottt Page 542
1-10. Axial section: Rg. No. IGSH-Je-SA 60-43, 60-13, 60-17, 60-14, 60-5, 60-37, 6040,
60-48, 60-32, and 60-39. .
11. Sagittal section: Rg. No. IGSH-Je-SA 60-4.

12. Enlarged figure of Fig. 5. x32.4.
All from the western slope of the Joé Limestone. Loc. J.
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