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Abstract. The Permian large gastropod “Pleurotomaria” yokoyamai Hayasaka was found for the first time
from the Capitanian (upper Guadalupian) Iwaizaki Limestone in the South Kitakami Belt, Northeast Japan.
A smaller planispiral gastropod Porcellia sp. was found in association with it. These taxa have been scarcely
reported, except from the coeval Permian limestones at Akasaka in Southwest Japan and in the Balya Maden
area, western Turkey. The Akasaka Limestone was deposited as a low-latitude atoll on a mid-Panthalassan sea-
mount, whereas the Iwaizaki Limestone was laid down as a patch reef within a terrigenous clastics-dominated
facies on a shallow marine continental shelf. The occurrence of this unique assemblage suggests that the
Iwaizaki Limestone originated also in a Permian low-latitude domain, and that the South Kitakami Belt likely
formed a part of the continental margin of South China, representing its eastern extension to Northeast Japan.
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Introduction

Occurrences of large Paleozoic gastropods are gener-
ally rare (e.g. Rohr et al., 1992), in particular from
Permian strata. A well known occurrence was that of
Pleurotomaria, Bellerophon, and an associated large
molluscan fauna from the Capitanian (upper Guadalupian)
Akasaka Limestone (an accreted mid-oceanic paleo-atoll
complex) in Southwest (SW) Japan (e.g. Hayasaka, 1943;
Hayasaka and Hayasaka, 1953; Koizumi, 1995; Nützel
and Nakazawa, 2012). In addition, another occurrence of
a similar molluscan assemblage with a large Pleurotoma-
ria was reported from the Balya Maden area in western
Turkey (Enderle, 1901); however, its precise fossil local-
ity and stratigraphic position remain unclear. We lately
unearthed a specimen of the large gastropod “Pleuroto-
maria” yokoyamai, over 10 cm in diameter, together
with two smaller gastropod specimens from the Permian
Iwaizaki Limestone representing a continental shelf
facies in the South Kitakami Belt, Northeast (NE) Japan
(Figure 1). This article reports the first occurrence of a
Permian large gastropod from the Iwaizaki Limestone

and discusses its geological implications for the paleo-
geographical position of Permian Japan with respect to
South China.

All specimens described in this paper are deposited in
the Department of Geology and Paleontology, National
Museum of Nature and Science with the acronym
NMNS.

Geologic setting

The thick Permian sedimentary package in the South
Kitakami Belt is composed mostly of shallow marine ter-
rigenous clastics and carbonates of continental shelf
facies (e.g. Choi, 1976; Kawamura et al., 1990). Within
the clastics-dominant facies, the middle Permian Iwaizaki
Limestone in the southern part of the belt (Figure 1)
formed as a patch reef within a mudstone-dominant shelf
setting (Kawamura and Machiyama, 1995; Shen and
Kawamura, 2001).

Figure 2 depicts the stratigraphic column of the upper
part of the Iwaizaki Limestone. Kawamura and Machiyama
(1995) subdivided the Iwaizaki Limestone into nine
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units, i.e. Unit 1–9, in ascending order. The lower part
(Unit 1) consists of bioclastic limestone interbedded with
sandstone, whereas the main part (Unit 2–7) is composed
of massive limestone with reef structures. The upper part
(Unit 8–9) is composed of well bedded bioclastic lime-
stone and black mudstone. As to the age, the occurrence
of the large-tested fusuline Lepidolina multiseptata
(Morikawa et al., 1958; Morikawa, 1960) indicates that
the middle-upper parts of the limestone (Units 6, 7, and
lower part of Unit 8) belong to the Capitanian (upper
Guadalupian). Nonetheless, the topmost 30 m-thick
interval, i.e. the upper part of Unit 8 and Unit 9, has not
been dated yet due to the absence of index fossils.

Unit 8 is composed of well bedded limestone and
mudstone of a lagoonal shelf facies that corresponds to

the terminal interval of the patch reef development at
Iwaizaki (Kawamura and Machiyama, 1995). The unique
gastropods reported here were recovered from two hori-
zons of black mudstone interbedded with limestone in
the lower and upper parts of Unit 8, i.e. Horizons M1 and
M2, respectively (Figure 2). In addition to the mollusks,
these mudstone beds contain abundant, various bioclasts
of shallow marine organisms, such as crinoids, calcare-
ous algae, calcisponges, and brachiopods. Horizon M1
yielded one large (ca. 11 cm in diameter) gastropod spec-
imen, whereas Horizon M2 provided two smaller ones
(less than 3 cm in diameter). The large specimen from
Horizon M1 and one of the two small specimens from
Horizon M2 are here identified as “Pleurotomaria”
yokoyamai Hayasaka, and the other small specimen from

Figure 1. Index map of the Permian Iwaizaki Limestone in NE Japan. A, tectonic sketch map of East Asia; B, location of the Iwaizaki
Limestone in the southern part of the South Kitakami Belt, NE Japan. The South Kitakami Belt is unique in Japan in exposing the Ordovician
ophiolites and overlying thick Paleozoic shelf deposits, in which the Permian Iwaizaki Limestone occurs.
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Horizon M2 as Porcellia sp. Both taxa were not com-
monly reported from the upper Guadalupian, not only in
East Asia but also in the rest of the world.

Paleontological description

Subclass Vetigastropoda
Superfamily Porcellioidea Koken in Zittel, 1895

Family Porcelliidae Koken in Zittel, 1895
Genus Porcellia Léveillé, 1835

Porcellia sp.

Figure 3D

Material.—One specimen, NMNS PM25825.
Discussion.—The single insufficient specimen is 22.5

mm in maximum shell diameter and preserves the basal
and outer surfaces of the last two whorls. It shows that
the preserved last two whorls are almost planispiral,
rounded and discoidal. Eight obtuse and thick collabral
ribs are present on the basal surface of the preserved last
whorl, but there were probably originally 11 or 12 ribs
in this whorl altogether because the early one-fourth
volution of the whorl was destroyed by sediment com-
paction. A narrow selenizone, which is represented by a
flat surface delimited by two parallel grooves, can be
seen in the middle of the outer surface of the whorl.
These shell features suggest that NMNS PM25825 is
referable to the porcellioidean genus Porcellia (s. str.).

Porcellia (s. str.) has a long stratigraphic range from
the Early Devonian to late Permian (Frýda et al., 2008),
and is a rare element in Permian marine communities.
Five species are known so far. Porcellia nodosa Hall,
1860 from the lower Permian of Cambodia (Delpey,
1941) is much smaller than NMNS PM25825 and has
quite different sculpture that consists of a spiral ridge
and sharp collabral ribs. Porcellia lingshuiensis Pan,
1985 and Porcellia magninodosa Pan, 1985 from the
upper Permian of Sichuan Province, South China are 6
mm and 7.5 mm in maximum shell diameter, respec-
tively, which are much smaller values than NMNS
PM25825. Additionally, the last whorl is almost smooth
in P. lingshuiensis, and P. magninodosa has almost half
the number of collabral ribs of NMNS PM25825. Por-
cellia paucituberculata Pan and Erwin, 2002 from the
upper Permian of Guangxi Province, South China bears
almost the same number of collabral ribs as NMNS
PM25825, but the shell size is also much smaller.

We suggest that NMNS PM25825 is most close to
Porcellia puzoidea Hayasaka, 1955 from the middle
Permian part of the Akasaka Limestone in SW Japan. P.
puzoidea is the largest species among the Permian spe-
cies, reaching 35 mm in shell diameter, and bears 17 to
18 collabral ribs in the basal surface of the last whorl
(Hayasaka, 1955). Although the number of ribs is
slightly smaller, the possibility that NMNS PM25825 is
referable to P. puzoidea cannot be ruled out. However,

Figure 2. Stratigraphic column of the upper part of the
Iwaizaki Limestone with the fossil horizons, Horizons M1 and
M2.
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this assignment is difficult because the specimens are all
poorly preserved and very few in number.

Superfamily Eotomarioidea Wenz, 1938
Family Eotomariidae Wenz, 1938

“Pleurotomaria” yokoyamai Hayasaka, 1943

Figure 3A–3C.

Pleurotomaria yokoyamai Hayasaka, 1943, p. 28–32, pl. 2, fig. 1, text-
fig. 1.

Bathrotomaria? yokoyamai (Hayasaka). Hayami and Kase, 1977, p.
32, pl. 3, figs. 6, 7.

“Pleurotomaria?” yokoyamai Hayasaka. Koizumi, 1995, p. 104, pl. B;
pl., C, fig. 1; pl. 27 figs. 1, 2.

Zhonghuaspira yokoyamai (Hayasaka). Nützel and Nakazawa, 2012,
p. 111–113, figs. 8P–Q, 9A.

Material.—Two specimens, NMNS PM25823 and
NMNS PM25824.

Discussion.—NMNS PM25823 is a poorly preserved
specimen, yet some morphological characters useful for
identification are still observable. Owing to sediment
compaction, the shell is much compressed axially. The
shell attains at least 110 mm in width and consists of
three steplike whorls that are angulated slightly above the
mid-whorl, with a gently inclined broad upper whorl sur-
face and a steeply inclined and concave outer whorl sur-
face. The suture is addressed, and the subsutural portion
of the whorl forms a thick and roundly convex spiral
band that bears many short and blunt axial ribs. The
upper and outer whorl surfaces are ornamented with
sharp and fine spiral cords that are approximately 15 and
12 in number, respectively. Some finer spiral cords can
be seen in the interspaces of the major spiral cords, but
these spiral cords are difficult to count exactly due to the
poor state of preservation. The growth lines are not
observable. The shell base is smashed by the sediment
compaction, but the partly preserved portion opposite to
the aperture reveals that the base is smooth. The basal
periphery and the shell base appear to have been origi-
nally more rounded and convex than indicated by the
specimen. In addition to the large shell size, the shell
characters described above well fit with those of “Pleu-
rotomaria” yokoyamai Hayasaka, 1943 from the Permian
Akasaka Limestone of Gifu, central Japan, so that
NMNS PM25823 can be assigned to that taxon. NMNS
PM25824 is a dorso-ventrally compressed, poorly pre-
served specimen and does not preserve any surface
sculpture. This specimen appears to be a juvenile form of
this species.

“Pleurotomaria” yokoyamai is a remarkable species
in its huge shell size among the Paleozoic gastropods
and had been known only from the Permian Akasaka
Limestone in SW Japan (Hayasaka, 1943). The system-

atic position of this species remained uncertain mainly
due to lack of knowledge about whether the shell bears
a selenizone or not. Hayasaka (1943) considered that the
selenizone is located at the shouldered edge of the whorl,
although he could not detect this structure. Koizumi
(1995) on the other hand stated that the shell does not
have a slit, and then allocated this species to Trochone-
matidae without generic assignment. Recently, Nützel
and Nakazawa (2012) assigned this species to the genus
Zhonghuaspira Pan and Erwin, 2002 of Eotomariidae
based on the similarity of shell shape and sculpture to the
type species of the genus, Zhonghuaspira gibbicircelloides
(Wang, 1982), from the upper Permian of South China.

Figure 3. Photographs of the Capitanian gastropods from
the Iwaizaki Limestone in the South Kitakami Belt. A–C, “Pleu-
rotomaria” yokoyamai Hayasaka; A, juvenile specimen (NMNS
PM25824) from Horizon M2; B, C, large specimen (NMNS
PM25823) from Horizon M1; D, Porcellia sp. (NMNS PM25825)
from Horizon M2. Scale bar is 1 cm.
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The second author (TK) has recognized the presence of
a narrow and concave selenizone in a specimen of “Pl.”
yokoyamai housed in the National Museum of Nature
and Science, although the depth of the labral slit is
unknown. We agree with Nützel and Nakazawa (2012)
in assigning this species to Eotomariidae, but we con-
sider that it does not belong to the genus Zhonghuaspira
but most probably to a new genus, because the umbili-
cus is closed or slitlike and surrounded by a weakly
raised funicle, and the shell base is smooth. Here, we
maintain this species in its original generic placement
because the proposal of a new genus is beyond the scope
of this paper.

Discussion

The present occurrence of “Pleurotomaria” and Por-
cellia marks their first records not only from the Iwaizaki
Limestone but also from the South Kitakami Belt in NE
Japan. Their occurrence from the Permian has been
extremely rare to date, nonetheless, the present finding
has interesting paleobiogeographic implications.

It is noteworthy that a similar fauna was reported
from the Akasaka Limestone in SW Japan. The Akasaka
Limestone is widely known for the occurrence of a
uniquely large-sized gastropod fauna (Hayasaka, 1943;
Hayasaka and Hayasaka, 1953; Ozaki, 1968; Koizumi,

1995; Isozaki and Aljinovic, 2009; Nützel and Nakazawa,
2012), including not only “Pl.” yokoyamai but also other
large-sized mollusks, such as Bellerophon, Naticopsis,
Trachyspira, Pseudophorus, Akasakiella (gastropods),
and Shikamaia (an alatoconchid bivalve). Previous geo-
logical analyses clarified that the Akasaka Limestone
represents an allochthonous block within the Jurassic
accretionary complex of the Mino-Tanba Belt in SW
Japan (Isozaki, 1997; Zaw Win, 1999; Isozaki and Ota,
2001; Ota and Isozaki, 2006). The Akasaka Limestone
originated in a paleo-atoll complex deposited on a paleo-
seamount in the low-latitude superocean of Panthalassa
(Figure 4), secondarily was transported northward by
the plate motion, and was consequently accreted to the
Jurassic continental margin of Japan (South China) (e.g.
Kasuya et al., 2012; Kofukuda et al., 2014). The gastro-
pod fauna thus provides paleoenvironmental information
for the Permian mid-Panthalassa but tells us nothing
about Permian Japan per se.

In contrast, the Iwaizaki Limestone represents a rem-
nant of an ancient patch reef developed on a terrigenous
clastic-dominant continental shelf (Kawamura and
Machiyama, 1995; Shen and Kawamura, 2001). The
above-mentioned faunal similarity between the two lime-
stones suggests that the Iwaizaki patch reef was depos-
ited on a continental shelf likewise in a low-latitude
domain (Figure 4). The sole difference between the

Figure 4. Middle Permian paleogeography (modified from Maruyama et al., 1989 and Scotese, 2008), and possible paleo-position of
the South Kitakami Belt on the eastern extension of South China (after Isozaki et al., 2014). Note that the three localities of the unique Permian
large gastropod fauna with “Pleurotomaria”, i.e., Iwaizaki (this study), Akasaka (Hayasaka, 1943), and Balya Maden in western Turkey
(Enderle, 1901), were restricted to low-latitude domains during the Permian.

Downloaded From: https://complete.bioone.org/journals/Paleontological-Research on 10 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Permian large gastropods from NE Japan 255

Iwaizaki and Akasaka limestones exists in different dom-
inant large-tested fusulines; i.e. Lepidolina in Iwaizaki
versus Yabeina in Akasaka. This contrast has been
explained as different Permian fusuline territories within
the same warm low-latitude mid-Panthalassa (Kasuya et
al., 2012).

The other occurrence of “Pleurotomaria” from west-
ern Turkey (Enderle, 1901) is also concordant with the
low-latitude derivation in the western Tethys (Figure 4).
The large gastropod “Pleurotomaria”, together with
Bellerophon and Murchisonia, was reported from a black
fusuline-bearing gastropod limestone from the Balya
Maden area. The large gastropods were unearthed from
the old fossil locality name “Hadji Veli Oglou” in the
area; however, its precise locality and the relevant strati-
graphic position cannot be confirmed at present. Accord-
ing to a personal communication from Dimir Altiner
(Middle East Technical University, Ankara), however,
the host Paleozoic limestone in that area is restricted to
exotic blocks within the Upper Triassic Karakaya complex
(Leven and Okay, 1996; Vachard and Argyriadis, 2002).
The age of the fossil-bearing limestone is assumed to be
the middle Permian, most likely the Murgabian–Midian
(Wordian–Capitanian), thus is essentially the same as the
Iwaizaki and Akasaka limestones in Japan.

The geotectonic history of the South Kitakami Belt has
been discussed in various ways (e.g. Saito and Hashimoto,
1982; Shi et al., 1995; Tazawa, 1998; Ehiro, 2001; Ueno,
2006). The thick sedimentary package of its Paleozoic
shelf strata no doubt originated in a continental margin,
and middle to late Paleozoic faunal similarities positively
suggest its intimate connection to South China (e.g.
Kato, 1990; Nakazawa, 1991; Ehiro, 1997). In this
regard, the associated occurrence of a large-tested fusu-
line (Lepidolina) and a rugose coral (Waagenophyllum)
is particularly noteworthy, because their co-occurrence
suggests a warm-water environment under tropical cli-
matic conditions (e.g. Isozaki and Aljinovic, 2009). Dur-
ing the Permian, South China was located on the equator
between the Paleo-Tethys and Panthalassa (Figure 4),
and developed an extensive carbonate platform enriched
in diverse shallow marine fauna of typical Tethyan affin-
ity (e.g. Wang and Jin, 2000).

In accordance, the connection between SW Japan and
South China, particularly Cathaysia on its southeast side,
was recently supported further by detrital zircon ages of
Paleozoic–Mesozoic sandstones in Japan (e.g. Isozaki et
al., 2010; Shimojo et al., 2010; Aoki et al., 2012, 2014;
Fujisaki et al., 2014). The Silurian and Carboniferous
sandstones in the South Kitakami Belt contain ca. 700–
900 Ma detrital zircon grains whose ages are uniquely
identical to the continental crusts of South China but
hitherto never reported from North China (e.g. Liu et al.,

2008) (Figure 1A). NE Japan likely represents the far-
thest-east extension of South China, or “Greater South
China” (Isozaki et al., 2014; Figure 4). It is noteworthy
that the size of South China was much larger than previ-
ously believed, and that the Permian continental margin
of the South Kitakami belt shared the rare gastropod
assemblage with the coeval Akasaka paleo-atoll complex
deposited in the mid-Panthalassa and with the Permian
limestone in Turkey deposited at the western end of the
Paleo-Tethys.
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