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Aptian — Albian (Lower Cretaceous) ammonite assemblages of the
Miyako Group in the Sakiyama region, Miyako City,
Iwate Prefecture, northeast Japan
MATSUKAWA Masaki * and SHIBATA Kenichiro **
e IR TR (LU S 0 A 9 S R ER A LR E RO
7 ETA MEAREE

P I IEAR « St — R

XF—U—R :FTITFFUo-TIETUTUEFTA b, RIEWEE, EHERH, Bl

Hypacanthoplites subcornuerianus %5, Diadochoceras nodosocostatiforme &,

Douwvilleiceras mammillatum &

Key words : Aptian—Albian ammonites, systematic description, Miyako Group, Sakiyama area,

Hypacanthoplites subcornuerianus Zone, Diadochoceras nodosocostatiforme Zone,

Douvilleiceras mammillatum Zone

TUEFA NEFETDAERE HBEL S SO MBICEE L TOMT D, 1o T, HiEkE
DT EFTA MEFF AT 272 OICA IO T E T A MHEOR A BFT S 2 LA
TTH D, WIS E S ERE AR O ALE L, EHEFEFAIC T L0 mFmE,
JPEJE, BB Ky &g, IR LI LIEO 6 fEHEN D 45 EIRO T e A RRERL,
W TH D Sanmartinoceras bifurcatum % &0 17 J& 20 iz fidi L 7=, Z OHIRO'E HEREN D
PET DT U ETA MEA3IOOREITHSY S D, TEOBEITEHERE, THOBEIFHEE K
L~ LS TR, LES ORI L LB 0. b OFRIT TR T E HEREO
Hypacanthoplites subcornuerianus 15, Diadochoceras nodosocostatiforme #i, Douvilleiceras
mammillatum 45 & U Cilkpl S, W7 FAXOT A MEREARO BT 7T
TU~THT AT ST S, TR & RO R CIRIEAT & SR O Y IE S & 3
BEL, OB CIREEME L PRI OEIEREE L REEENEEND, Z0oBME, 7
YT A MRS Z OHIROMEIC > TEHE LI Z L 2R LTV D,

The ammonite-bearing strata of the Miyako Group are distributed discontinuously in five distinct
regions. To establish an ammonite biostratigraphy for the Group, it is necessary to understand the
characteristics of the ammonite assemblages present in each of the regions. The Sakiyama region is
located in the southern part of the Miyako Group’s distribution area, and is subdivided

lithostratigraphically into three formations in ascending order: the Tanohata, Hiraiga, and Sakiyama
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formations. A total of 45 ammonite specimens were found in six lithostratigraphic horizons in the Hiraiga
and Sakiyama formations and are classified into 20 species of 17 genera, including one new species,
Sanmartinoceras bifurcatum. They are described systematically. The ammonites from the Miyako Group
in this region are divided into three assemblages: the lower assemblage is included in the Hiraiga
Formation; the middle assemblage is included in the sequence from the top of the Hiraiga Formation to
the lower part of the Sakiyama Formation; and the upper assemblage is included in the upper part of the
Sakiyama Formation. These assemblages are identified as members of the Hypacanthoplites
subcornuerianus, Diadochoceras nodosocostatiforme, and Douvilleiceras mammillatum zones of the
Miyako Group, respectively, and are assigned to the upper Aptian — lower Albian of the ammonite
standard zonation for the West Mediterranean Province of the Tethyan Realm. Ornate planispiral and
smooth or weakly ornate planispiral morphologies predominate in the lower and middle ammonite
assemblages, and smooth or weakly ornate planispiral and ornate planispiral forms and heteromorph

morphologies characterize the upper assemblage. This change indicates that the assemblage diversified

during a marine transgression in the area.

INTRODUCTION

Based on ammonite biostratigraphy, the Miyako Group
has been shown to include the Aptian — Albian boundary
(Obata and Matsukawa, 2018). The precise
lithostratigraphic horizon corresponding to the stage
boundary has not yet been delimited. As the Miyako
Group is distributed discontinuously along the Sanriku
coast of the Iwate Prefecture, northern Honshu, Japan,
facing the Pacific Ocean, it is necessary to understand and
compare the ammonite assemblages in each outcrop
region in order to establish a regional ammonite
biostratigraphy.

Type area of the Miyako Group is found in the
Tanohata region, and the lithostratigraphic division found
there has been considered previously to apply to the entire
distribution area of the Miyako Group (Hanai et al., 1968,
and others); in the type area, the Miyako Group is divided
lithologically into four formations, in ascending
stratigraphic order: the Raga, Tanohata, Hiraiga, and
Aketo formations.

The Sakiyama region including the Hideshima coast
and the Hideshima Island, represents the southern part of
the distribution area of the Miyako Group (Fig. 1).
According to Shimazu et al. (1970), who revised the
stratigraphic interpretation of Hanai et al. (1968), the
Miyako Group in the Hideshima coast can be divided into
three formations in ascending order: the Tanohata,
Hiraiga, and Sakiyama formations. Ammonites are found

in the strata that of the Hiraiga and Sakiyama formations

(Inose et al., 2013; Obata and Matsukawa, 2018); some of
these ammonite species were described by Shimizu
(1931) and Obata and Matsukawa (2018).

This paper describes ammonite specimens from the
Sakiyama region, discusses the biostratigraphy and
composition of the ammonite assemblages found there,
and compares them with the established ammonite
biostratigraphy of the Miyako Group (Obata and
Matsukawa, 2018), as well as with ammonite
assemblages from other Miyako Group localities. Finally,
we compare the Sakiyama assemblages with the
ammonite biostratigraphy of Aptian — Albian of the
Mediterranean Province of the Tethyan Realm, and

California of the Pacific Province.

GEOLOGICAL SETTING

1) Distributions and Stratigraphy

The Lower Cretaceous Miyako Group is distributed
discontinuously across five regions along the northern
Sanriku coast in Iwate Prefecture, northern Honshu Japan
(Fig. 1). These regions are located from north to south as
follows; (A) the Tanohata region, type are of the group, in
Tanohata Village; (B) the Moshi region in Iwaizumi
Town and Miyako City, with the ammonite-bearing strata
found mainly on small islands off the Moshi coast; (C)
the Taro region around Miyako City, where the group is
distributed in the hilly area surrounding the Taro
settlement; (D) the Sakiyama region, where the group is

distributed in a narrow band along the Hideshima coast as
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Fig. 1 Map showing the distribution of the Miyako Group in
Northeast Japan. After Obata and Matsukawa (2018).
The Sakiyama region is D surrounded by a thick line
square.

well as on the in Ebisudana and Hideshima islands off the
coast; (E) the Miyako region around Miyako City, where
the group is exposed discontinuously in Takonohama and
Kuwagasaki in Miyako City.

Since Yabe and Yehara (1913) divided the Cretaceous
of the Miyako Group into the Raga conglomerate, Moshi
sandstone, Tanohata sandy shale, Hiraiga sandstone,
Orbitolina sandstone, Akito sandstone, and Hideshima
sandstone and shale, many geologists, such as Hanai et al.
(1968), Shimazu et al. (1970), Tanaka (1978), Inose et al.
(2013), Urakawa et al. (2016) and Obata and Matsukawa
(2018), have discussed and modified these stratigraphic
divisions. Although they basically followed the
stratigraphic scheme of Yabe and Yehara (1913), Hanai et
al. (1968) divided the group into the Raga, Tanohata,
Hiraiga, and Aketo formations, in ascending order, based
on the sedimentary cyclicity seen in the Tanohata region,
where each cycle is characterized largely by
fining-upward trends.

The Miyako Group unconformably overlies various
Lower Cretaceous and older sedimentary and extrusive
rocks, which are folded and intruded by granodiorite on
the Pacific Ocean side of the northern Kitakami
Mountains (Hanai et al., 1968; Shimazu et al., 1970;
Obata and Matsukawa, 2013).

Details of the stratigraphy and facies of the Miyako
Group are provided in Obata and Matsukawa (2018). The
present paper summarizes the stratigraphy briefly,
corrects wrong information, and adds new information

about the group.

2) Sakiyama Region

Shimazu et al. (1970) applied the lithostratigraphy of
Hanai et al. (1968) to the successions in the Sakiyama
region, with some modifications, and divided the Miyako
Group along the Hideshima coast and on Ebisudana
Island into the Tanohata, Hiraiga, and Sakiyama
formations, in ascending order. The Miyako Group strata
found on the Hideshima Island were referred to the
Hideshima Formation, as their relationship to other
formations in the area was unknown (Shimazu et al.,
1970). Shimazu et al. (1970) regarded that the sequence
of the Hiraiga and Sakiyama formations in the Sakiyama
region as corresponding to the lower and upper cycles,

respectively, of the Hiraiga Formation of the type area in
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Fig. 2 Geologic map of the Sakiyama region, Miyako City, Iwate Prefecture. See Fig. 1 for the

index map. Ammonites described here

were collected from the Hiraiga and Sakiyama

formations of the Miyako Group. Ammonite localities are also shown.

the Tanohata region, and correlated the sequence to the
Hiraiga Formation of the type area of the Miyako Group.
In contrast, Inose ef al. (2013) correlated the Sakiyama
Formation in the Sakiyama region to the sequence from
the Hiraiga to Aketo formations in the Tanohata region
based on ammonite assemblages from the Sakiyama
Formation. The ammonite assemblage from the Sakiyama
Formation (Inose et al., 2013) is similar to that from the
locations Hn0650 and Hn6201 in the type Tanohata
region (Obata and Matsukawa, 2018). These locations
correspond to lithostratigraphic levels of the upper part of
the Hiraiga Formation and the lowermost part of the
Aketo Formation. This supports the correlation model of

Inose et al. (2013). A geological map and measured

sections of the Miyako Group in the Sakiyama region
prepared recently by K. Shibata and M. Matsukawa are

presented in Figures 2 and 3, respectively.

LITHOSTRATIGRAPHY OF THE MIYAKO
GROUP IN THE SAKIYAMA REGION
(By K. Shibata and M. Matsukawa)

We follow the lithostratigraphy by Shimazu et al.
(1970) for the most part, with some modifications. The
lithostratigraphy is redescribed here.

1) Tanohata Formation
Definition: Composed of conglomerates, pebbly

sandstones, cross-stratified sandstones, and sandy
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mudstones or muddy sandstones (Hanai et al., 1968).

Designation: Yabe and Yehara (1913) described the
Cretaceous rocks in the Tanohata, Moshi, Taro, and
Sakiyama regions, which consist of sandstones and sandy
shales under the names of the Moshi sandstone and the
Tanohata sandy shale, respectively. Hanai et al. (1968)
integrated these sandstones and sandy shales to the
Tanohata Formation.

Type locality: Hiraiga coast, Tanohata Village, Iwate
Prefecture (Hanai et al., 1968). This is located in the
Tanohata region.

1-1) Tanohata Formation in the Sakiyama Region

Synonymy: Equivalent to the Moshi sandstone by Yabe
and Yehara (1913); the sequence of the Lower, Middle,
and Upper members of the Tanohata Formation of
Shimazu et al. (1970), Tanaka (1978), and Tanaka and
Obata (1982); lithostratigraphic units 1 and 2 of the
Tanohata Formation of Kase (1984); and a lower part of
the Tanohata Formation of Obata and Matsukawa (2018).

Thickness: About 38 m.

Distribution: Around the natural monument
“Shiofukiana” (Fig. 4A) and western hillsides of parking
lots of the Hideshima fishing port (Fig. 4C).

Lithology: In the Sakiyama region, this formation is
composed mainly of alternating beds of pebble- to
boulder-sized clast-supported conglomerate and coarse-
to fine-grained calcareous sandstone. The coarse- and
medium-grained sandstone beds, and the fine-grained
sandstone beds, exhibit trough cross-stratification and
hummocky cross-stratification, respectively. The
uppermost part of the formation consists of alternating
beds of parallel laminated very fine-grained sandstones
and conquinoid coarse-grained sandstones (Fig. 3).

Stratigraphic relationships: Unconformably onlapping
basement rocks of the Harachiyama Formation, Rikuchu
Group, and conformably overlain by the Hiraiga
Formation. In 2022, the boundary between the Tanohata
and Hiraiga formations could not be observed, because
the boundary outcrop was covered by talus.

Fossil locality: Ks2001 (Kase, 1984)

Remarks: In the Sakiyama region, clasts of
conglomerates are boulder to pebble in size, which is
larger than in the type area. The ratio of conglomerates
relative to sandstones in this area is also greater than in

the type area. Sandstones in both the Tanohata and

Sakiyama regions exhibit hummocky cross-stratification.
2) Hiraiga Formation

Definition: Composed of well-sorted medium- to
fine-grained calcareous sandstones, and locally
intercalated mudstones and coquinoid sandstones. In the
type area, these sandstones and mudstones change to
bioclastic sandstones that include numerous Orbitolina
sp. in the upper parts and in the northern parts (Hanai et
al., 1968).

Designation: This formation was originally named the
Hiraiga sandstone by Yabe and Yehara (1913) for
sandstones exposed at Hiraiga coast, and is considered to
conformably overlie the Tanohata sandy shale (upper part
of the Tanohata Formation in the present paper) in the
Tanohata region. Subsequently, Hanai et al. (1968)
defined and designated the formation as above.

Type locality: Hiraiga and Raga coasts, Tanohata
Village, Iwate Prefecture (Hanai ef al., 1968).

2-1) Hiraiga Formation in the Sakiyama Region

Synonymy: For the most part, equivalent to the lower
part of the Hiraiga sandstone of Yabe and Yehara (1913),
the upper part of the first sedimentary cycle of Hayami
(1966), the Lower and Upper members of the Hiraiga
Formation of Shimazu et al. (1970), Tanaka (1978), and
Tanaka and Obata (1982), lithostratigraphic units 3 and 4
of the Tanohata Formation of Kase (1984), the “Hiraiga
Formation” of Inose et al. (2013), and the upper part of
the Tanohata Formation of Obata and Matsukawa (2018).

Thickness: About 28 m.

Distribution: Around a small hill southwest of the
Hideshima fishing port (Fig. 4B), and on an erosional
platform on the west side of Ebisudana Island exposed at
low tide (Fig. 4D).

Lithology: The lower part of the formation consists of
alternating beds of fine-grained calcareous sandstone and
sandy siltstone. The upper part of the formation consists
of dark gray, well-sorted siltstone (Fig. 3).

Stratigraphic relationships: Overlying the Tanohata
Formation, and overlain by the Sakiyama Formation; the
boundary between the Hiraiga and Sakiyama formations
is transitional.

Fossil localities: TR43 (Tanaka and Obata, 1982),
Hn2058 (Hayami, 1966; Kase, 1984), Hn2065 (Hayami,
1966), TR114 (Tanaka and Obata, 1982), Ks2005 (Kase,
1984), OH4 (present study), and Ob01 (present study).
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Fig. 4 A, Lower part of the Tanohata Formation overlying the Harachiyama Formation of the Rikuchu Group at “Shiofukiana” at
Sakiyama. Taken in June, 2017. Route A in Fig. 2. B, Lower part of the Hiraiga Formation. Taken in June, 2016. Route F in
Fig. 2. C, Upper part of the Tanohata Formation. Taken in June, 2017. Routes C, D, and E in Fig. 2. D, Upper part of the
Hiraiga Formation and Sakiyama Formation at Ebisudana Islands and the erosional platform. Taken in July, 2022. Route G
in Fig. 2. E, Wave ripples in the Sakiyama Formation. Taken in July, 2022. Route G in Fig. 2.

Remarks: In general, the Hiraiga Formation in the
Sakiyama region includes more muddy deposits than that
in the Tanohata region. Bioclastic sandstones including
Orbitolina sp. are not found in the Hiraiga Formation in
this area.

3) Sakiyama Formation

Definition: Mainly composed of silty sandstones

(Shimazu et al., 1970).

Designation: This formation was named by Shimazu et
al. (1970) for sandstones exposed on Ebisudana Island off
the Hideshima coast, Sakiyama region.

Type locality: Hideshima coast, Sakiyama, Miyako
City, Iwate Prefecture (Shimazu et al., 1970).

Synonymy: Generally equivalent to the upper part of the
Hiraiga sandstone of Yabe and Yehara (1913), the second
sedimentary cycle of Hayami (1966), the Sakiyama
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Formation of Shimazu et al. (1970), Tanaka (1978), and
Inose et al. (2013), and the Hiraiga Formation of Kase
(1984) and Obata and Matsukawa (2018).

Thickness: More than 20 m.

Distribution: Ebisudana Island, off the Hideshima
coast, and an erosional platform on the west side of the
Ebisudana Island (Fig. 4D).

Lithology: The formation is composed of poorly sorted,
grayish olive-colored (7.5Y5/2 in Munsell color notation),
very fine-grained silty sandstones and fine-grained
calcareous sandstones. The fine-grained sandstones
exhibit hummocky cross-stratification and wave ripples
locally (Fig. 4E). Trace fossils and calcareous concretions
are common in the sandstones. These sandstones
represent an overall coarsening-upward trend (Fig. 3).

Stratigraphic relationships: Gradually transitions from
the dark gray siltstone of the Hiraiga Formation. The
upper limit of the Sakiyama Formation cannot be
observed because the outcrop extends beneath the sea.

Fossil localities: Hn2051 =~ Hy2099 (Hayami, 1966;
Kase, 1984), Locs. 1, 2, and 3 (Inose et al., 2013), and
OHS (present study).

Remarks: Lithofacies similar to the Sakiyama
Formation are not found in the Tanohata region. Shimazu
et al. (1970) and Tanaka (1978) regarded fine-grained
sandstones about 4 m in thickness in the Taro area as the
Sakiyama Formation. In contrast, Matsukawa and Oji
(2022) considered the fine-grained sandstones in the Taro

area as the upper part of the Tanohata Formation.

FOSSIL LOCALITIES AND THEIR
LITHOSTRATIGRAPHIC HORIZONS

In this study, we discuss using ammonite specimens
from six lithostratigraphic horizons in five different
localities (Figs. 2 and 3) as well as specimens illustrated
in previous works. The fossil localities are described in
lithostratigraphic order from lowest to highest as follows.
1) OH4; The Hiraiga Formation. The lithology of the site
consists of dark gray to black muddy sandstone with
piece of wood and mud flakes. Ammonite specimens
were collected by Dr. I. Obata in the 1960s. A newly
constructed pier at the fishing port currently covers the
site. In Obata and Matsukawa (2018; fig. 2), the site of

OH4 is illustrated as almost the same site as the site of

Hn6201, B2, Hiraname-dana in the Tanohata region; the
site as described here is correct.

2) Ob01; The Hiraiga Formation. This site is located on
the eastern margin of the land area, and is referred to as
the Hideshima Bench by some geologists. The lithology
of the site is dark gray to muddy black sandstone with a
piece of wood and mud flakes. The site is currently
observable in a gap in the pier.

3) Ks2005; The uppermost Hiraiga Formation. Although
the site was regarded previously to belong to the
Tanohata Formation (Obata and Matsukawa, 2018), that
assignment is corrected here. The site is beneath the sea
surface in the fishing port. Rock blocks bearing ammonite
specimens were hauled out from the site during port
renovations. The lithology is a black, well sorted
siltstone.

4) OHS; The Sakiyama Formation. The site is on the
Ebisudana Island and consists of brownish dark gray
muddy sandstone. Ammonite and gastropod specimens
were collected from the site by Dr. I. Obata. When
Shimizu (1931, p. 7) described the specimen identified as
Acanthoplites subcornuerianus from this locality, he
noted that the specimen was obtained from 20 m below
the layer yielding the specimen identified as Parahoplites
yaegashii. There is a thickness of 20 m between the layers
that yield A. subcornuerianus and P. yaegashii. Judging
from this layer thickness difference, the layers that yield
the specimens of 4. subcornuerianus and P. yaegashii
correspond to be located at loc. OH 4 and loc. OH 5,
respectively. Acanthoplites subcornuerianus Shimizu,
1931, was named as Hypacanthoplites subcornuerianus
(Hanai et al., 1968), and P. yaegashii Shimizu, 1931, was
revised to Nolaniceras? yaegashii by Obata and
Matsukawa (2018, p. 259-261, figs. 33A-D). Hn2051,
Hy2099 and Kc—e are probably the same as this location.
5) Locs. 1, 2 and 3; These sites are described by Inose et
al. (2013) and are located on Ebisudana Island, in the
Sakiyama Formation. Ammonite specimens are found at
the locations Locs. 1 and 2 in Facies 1, and at location
Loc. 3 in Facies 2, which overlies the Facies 1. Specimen
of Desmoceratidae gen. et sp. indet. from the location
Loc. 3 is listed in Inose et al. (2013), but we have not
seen the specimen. The stratigraphic relationship between

locality OHS5 and localities Locs. 1, 2 and 3 is unknown.
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SYSTEMATIC PALEONTOLOGY

A total of 45 ammonite specimens from the Miyako
Group in the Sakiyama region were used in the
paleontological systematics of this study. Species listed in
other published papers, e.g., Toshimitsu and Hirano
(2000), are excluded from the study as most of them lack
paleontological descriptions and photographs.

1) Repositories of Specimens

The specimens described the present paper are kept in
the following institutions.

IGPS: The Tohoku University Museum, Sendai,
Miyagi Prefecture

NMNS: The National Museum of Nature and Science,
Tsukuba, Ibaraki Prefecture

TGUSE: Tokyo Gakugei University, Tokyo
2) Conventions

Higher systematic nomenclature follows the Treatise
(Wright et al., 1996), except for the systematic
nomenclature of the order Ammonitida, which follows
that of Hoffmann et al. (2022). Morphological terms used
are defined in the Treatise (Arkell et al., 1957) and
descriptive terms (e.g., very small, very large, fairly
narrow, and others) are those of Matsumoto et al. (1988).
The following symbols for measurements are used; D =
the total diameter; U = the diameter of umbilicus; U/D =
the umbilicus/total diameter ratio; H = the whorl height;
W = the whorl width; W/H = the width/height ratio; L =
the maximum length of shaft; B = the maximum breadth
of contiguous shafts; T = maximum thickness of
contiguous shafts; wl = the width of earlier shaft; hl =
the height of earlier shaft; w2 = the width of later shaft;
h2 = the height of later shaft; wl/h1 = the width of earlier
shaft/ the height of earlier shaft ratio; w2/h2 = the width
of later shaft/the height of later shaft ratio. All
measurements are given in mm, unless otherwise stated.
3) Ammonites

Order Ammonitida Haeckel, 1866
Suborder Lytoceratina Hyatt, 1889
Superfamily Lytocerataceae Neumayr, 1875
Family Lytoceratidae Neumayr, 1875
Subfamily Lytoceratinae Neumayr, 1875
Genus Pictetia Uhlig, 1883

Pictetia sp.

Figs. SA-D
2013 Pictetia sp., Inose et al., figs.5-9.

Material. A single specimen, NMNS-PM 23798 (Inose
et al. collectors), is a part of the early shell, and comes
from location Loc. 2, Ebisudana, Hideshima coast,
Miyako City.

Dimension (in mm except for U/D and W/H).

U UbD H W WH
NMNS-PM 23798  --- --- - 4.0 3.8 095

Descriptive remarks. The specimen is characterized by

Specimen D

a loosely coiled whorl that is circular in section, with
rapid expansion rate. Surface is ornamented with feeble
ribs on flanks which disappear on venter and dorsum, and
also with constrictions forming a faint groove. The
characteristics of the constrictions of the present
specimen are similar to those of the specimens identified
as Pictetia aff. astieriana (Obata and Matsukawa, 2018).
Although the small size and preservation of the specimen
precludes determination that the whorls were not in
contact, the overall whorl shape allows us to assign to the
specimen to Pictetia sp.

Occurrence. The genus is reported from the lower and
middle Albian of western Europe, Transcaspia, India,
Madagascar, Zululand; Collignon (1962) has recorded
two species from the upper Aptian of Madagascar
(Kennedy and Klinger, 1978), Albian of Bulgaria
(Ivanov, 1993) and Japan (Obata, 1967). The genus has
also been recorded from western North America at Haida
Gwaii (Haggart, 1986) and northern California (Rodda
and Murphy, 1992), and from western South America
(Riccardi and Medina, 2002).

Superfamily Tetragonitaceae Hyatt, 1900
Family Gaudryceratidae Spath, 1927
Genus Eogaudryceras Spath, 1927
Subgenus Eotetragonites Breistroffer, 1947

Eogaudryceras (Eotetragonites) sp.
Figs. SE-H
2013 Eotetragonites sp., Inose et al., Figs. 5-5a, b.

Material. A single specimen, NMNS-PM 23794 (Inose
et al. collectors), is shell, and comes from the Sakiyama

Formation at location Loc. 2, Ebisudana, Hideshima
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Fig. 5 A-D, Pictetia sp.; NMNS-PM 23798 (Inose et al. collectors), shell, Sakiyama Formation (loc. Loc. 2), lateral (A and C),
ventral (B) and frontal (D) views. E-H, Eogaudryceras (Eotetragonites) sp.; NMNS-PM 23794 (Inose et al., collectors), shall,
Sakiyama Formation (loc. Loc. 2), lateral (E and G), ventral (F) and frontal (H) views. I-L, Aconeceras aff. nisoides;
NMNS-PM 23790 (Inose et al. collectors), shell, Sakiyama Formation (loc. Loc. 1), lateral (I and K), ventral (L) and frontal
(J) views. M-O, Sanmartinoceras bifurcatum; TGUSE-MM 6101 (K. Tanaka collector), shell, Hiraiga Formation (loc. Ob01),
lateral (M), frontal (N) and external mold of lateral (O) views. P-S., Anadesmoceras sp.; NMNS-PM 23793 (Inose et al.
collectors), shell, Sakiyama Formation (loc. Loc. 2), lateral (P and R), ventral (S) and frontal (Q) views. T-AA, Valdedorsella
kasei; T-W, NMNS-PM 23792, Sakiyama Formation (loc. Loc. 2), lateral (T and V), ventral (U) and frontal (W) views,
X-AA, TGUSE-MM 6413 (I. Obata collector), shell, Hiraiga Formation (loc. OHY), lateral (X and Z), ventral (Y) and frontal
(AA) views. Scale bars show 1 cm.
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coast, Miyako City.

Dimension (in mm except for U/D and W/H).
Specimen D U UD W H WH
NMNS-PM 23794 154 6.5 042 6.5 6.0 1.08

Description. Shell is very small with moderate
umbilicus. Whorl is fairly evolute, fairly depressed, with
round flanks in younger growth stage which flatten in
later stage. The whorl is subquadrate in section, becoming
rounded on venter. Surface is ornamented with smooth
and faint lirae, and strong, wide and shallow constrictions
which number four on the last volution of the whorl.
Constrictions are prorsiradiate and weakly convex, cross
the venter in a weakly forward orientation, and are
accompanied with weak collars on the forward side in
later whorls.

Remarks. The fairly depressed subquadrate whorl and
its smooth surface with strong constrictions suggest to us
that the specimen most likely belongs to the genus
Fogaudryceras (Eotetragonites) (Wright et al., 1996).
However, there is a possibility that the specimen belongs
to the genus Anagaudryceras because the last constriction
has a collar.

Comparison. The specimen differs from the specimens
of Eogaudryceras (Eotetragonites) antiqua (Obata and
Matsukawa, 2009, pp. 99-101, figs. 3E-F, G-J, N-P,
Q-T, U-V, W-Y, Z1-3, AA1-2) from the Barremian
Kimigahama Formation of the Choshi Group, because the
constrictions on the last volution of the present specimen
number four, whereas the specimens from the Choshi
Group exhibit fewer constrictions. The present specimen
is different from the illustrated specimens identified as
Eotetragonites wintunius (Murphy, 1967, pp. 20-21, figs.
4,5, 6) from the middle and upper parts of the E.
wintunius Zone, corresponding to the Aptian in northern
California, because the number of constrictions per last
whorl is four in the present specimen, but more than 10 in
the Californian specimens.

Occurrence. The genus is reported from the Aptian and
Albian of Spain (Wiedmann, 1962), France (Breistroffer,
1947), Bulgaria (Ivanov, 1993), Romania (Avram et al.,
1990), the Northern Caucasus (Drushchits, 1956), the
western Caucasus (Egoian, 1969), California (Anderson,
1938), Madagascar (Collignon, 1956), Algeria
(Wiedmann, 1962), and Japan (Obata and Futakami,
1992).

Superfamily Haplocerataceae Zittel, 1884
Family Oppeliidae H. Douvillé, 1890

Remarks. Casey (1961) and Kennedy and Klinger
(1979) classified the genus Aconeceras within the family
Aconeceratidae. Subsequently, Wright ez al. (1996)
placed the genus within the family Oppeliidae. We follow
the classification of Wright ez al. (1996).

Subfamily Aconeceratinae Spath, 1923

Remarks. Within family Oppeliidae, Wright et al.
(1996) recognized the family Oppeliidae into the
subfamily Aconeceratinae, containing the genus
Aconeceras; We follow this subfamily classification of
Wright et al. (1996).

Genus Aconeceras Hyatt, 1903

Aconeceras aff. nisoides (Sarasin, 1893)
Figs. SI-L

Synonymy.

2013 Aconeceras (A.) cf. nisus, Inose et al., fig. 5-1a,
b.

2018 Aconeceras (A.) cf. nisus, Obata and Matsukawa,
p- 241, = Inose et al., fig. 5-1a, b.

Compare.

1893 Oppella Nisoides Sarasin, pp. 155-156, pl. 4-6,
fig. 5; 10a, b, c.

2000 Sanmartinoceras aff. walshense, Lehmann and
Murphy, p. 119-124, figs. 2, 3.

Material. A single specimen, NMNS-PM 23790 (Inose
et al. collectors), is complete shell, and comes from the
Sakiyama Formation at location Loc. 1, Ebisudana,
Hideshima coast, Miyako City.

Dimension (in mm except for U/D and W/H).
Specimen D U UD W H WH
NMNS-PM 23790 242 32 0.13 6.6 16.0 041

Description. Shell is small oxycone. The width of the
umbilicus is narrow. The whorl is high, strongly
compressed, very involute, and fastigate in section with
subparallel, feebly convex flanks, angular ventral
shoulder, and a keel in the center of the flat venter. The

keel is finely serrated and low. The umbilicus is deep, its
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wall is steep and vertical, and its shoulder forms a right
angle. The flank of surface is ornamented with dense
sickle-like ribs consisting of falcate primaries and
concave secondaries. The curvature of the ribs on the
outer flanks, which corresponds to the blade of sickle, is
weak in the earlier whorls but strengthens in later one
(Fig. 6). The ribs are feeble in earlier whorls, but
strengthen and become crowded on later whorl with
minor ribs appearing on later whorls. The primary ribs
arise at the umbilical margin and are rather coarse in the
early whorl; they curve forward slightly on the lower
flank, turn backwards through about 90 degrees at the
middle flank, and form a circular pattern on the outer
flanks. The secondary ribs arise at the outer flanks on the
later whorl and are inserted irregularly between two
primaries; these ribs become denser and project forward
on the venter, but are interrupted at the keel. Suture-line is
fairly simple; the ventral lobe is shallow. lateral lobes are
rather deep, trifid and symmetrical, lateral saddles are
symmetrical (Fig. 7).

Remarks. The specimen is similar to the illustrated
specimen of Oppella Nisoides (Sarasin, 1893, pp.
155-156, pl. 6, fig. 10c), type specimen of the species,
from the lower Aptian of France, in having dense
sickle-like ribs that are feeble on the early whorl, and
strengthen and become crowded on later whorl. However,

the present specimen differs from the French specimen in

m

that its keel is higher than that of the French specimen,
and the French specimen has a dent-like spiral depression
on the flanks, although this is not recognized in Sarasin’s
description, whereas the present specimen lacks this
feature. The suture-line of the present specimen is also
different from that of the French specimen: that of the
present specimen is fairly simple whereas the pattern on
the French specimen is dissected. The simple
characteristics of the lateral saddle of the present
specimen are similar to those of the 4th, 5th and 6th
lateral saddles of the French specimen, and the shallow
ventral lobe and deep Ist lateral lobe of the present
specimen are similar to these of the French specimen.

The present specimen is identified as an ally of 4.

e

1 2 3

Fig. 6 Rib pattern of Aconeceras aff. nisoides (NMS-PM
23790) (1 and 2) and Sanmartinoceras bifurcatum
(TGUSE-MM 6101) (3).

1 mm

Fig. 7 Suture-line of Aconeceras aff. nisoides (NMS-PM 23790).
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nisoides because the change in the ribbing that
accompanies growth of the present specimen is similar to
that seen on the French specimen.

The present specimen differs from the illustrated
specimen of Ammonites nisus (Orbigny, 1840, p. 184, p.
55, figs. 7-9), type specimen of the species, from the
upper Aptian of southeast France, because the surface of
the French specimen is smoother than that of the present
specimen. The pattern of sickle-like ribs on the Japanese
specimen is similar to that of the specimen identified as S.
aff. walshense (Lehmann and Murphy, 2000), probably
from the upper Aptian in California, but the ribs of the
present specimen are more distinct than these of the
Californian specimen. As well, the California specimen
has a slight spiral depression on the last septate whorl,
which suggests that it belongs to the genus
Sanmartinoceras, whereas the Japanese specimen lack
this depression.

Occurrence. The genus is reported from the Aptian and
Albian, England (Casey, 1961), France (Orbigny, 1840),
Germany (Kemper, 1964), Bulgaria (Dimitrova, 1967),
Colombia (Etayo-Serna, 1979), Antarctica (Thomson,
1974), as well as at the Jurassic — Cretaceous boundary in
Tibet (Liu, 1988).

Genus Sanmartinoceras Bonarelli in Bonarelli and
Nagera, 1921

Remarks. Casey (1961) defined the genus
Sanmartinoceras for stout-whorled Aconeceratidae with
falciform striae turning into strong costae, a high and
serrated keel, and a prominent spiral depression. We

follow his definition of the genus.

Sanmartinoceras bifurcatum sp. nov.
Figs. 5SM-O0, 9P

Material. A single specimen, TGUSE-MM 6101
(holotype) (K. Tanaka collector), comes from black
mudstone of the Hiraiga Formation, at location Ob01, in
Hideshima fishing port, Miyako City, Iwate Prefecture.
The outer part of the right lower shell is lost.

Derivation of name. Sanmartinoceras with bifurcated
ribs.

Dimension (in mm except for U/D and W/H).

Specimen D U ubD W H WH
TGUSE-MM 6101 254 ca.4.8 ca.0.19 2.7 10.5 0.26
(holotype)

Description. Shell is small oxycone with narrow
umbilicus. Whorl is fairly evolute (36%), much
compressed (26%), with a lateral depression on inner
flanks of the earlier whorl, flattened flanks, with its
widest point at about one-third of the flank distance from
the umbilical margin. The whorl is subelliptical in
section, gradually converging to a fastigate venter with
angular ventral shoulder. Keel is finely indistinct,
serrated, and low. Flank surface is ornamented with
sickle-like ribs, which are weak on the lower flank but
strengthen on the middle and outer flanks. Eleven ribs are
counted in a half volution. They arise at the lower flank,
trend straight radially on the lower flank, bend strongly
backward on the middle flank, then bend rounded forward
on the outer flanks and trend forward strongly on the
ventrolateral shoulder, although they are interrupted in the
ventral center. The ribs on later whorls branch into two on
the outer flank (Fig. 6).

Remarks. Because of oxyconic whorl with fastigate
venter, serrated keel, lateral depression in the earlier
whorl, and strengthening ribs on the outer flank (Casey,
1961), the specimen is identified as the genus
Sanmartinoceras. Although Kennedy and Klinger (1979)
defined the type species of the genus Sanmartinoceras as
S. patagonicum Bonarelli (1921, p. 27, pl. 5, figs. 3-5),
from the Kachaike Formation of Lago San Martin, Santa
Cruz, Argentina, which is characterized by periodic
bunched ribs, they did not describe that the ribs bifurcate
on the outer flank. The present specimen is different from
the illustrated specimens of S. patagonicum (Riccardi et
al., 1987, pp. 134-137, pl. 3, figs. 5-11) from the Albian
of Patagonia in Argentina, because the keel of the
Patagonian specimens is higher than that of the present
specimen, and the ribs of the Patagonian specimens are
not bifid, whereas those of the present specimen are bifid.
Since the branching of ribs on the outer whorl into two at
the outer flank is a unique characteristic of the Japanese
specimen that is not confirmed in any other species
attributed to the genus Sanmartinoceras, we consider it to
be a new species.

Occurrence. The genus ranges from Barremian to

Albian, and is reported from Germany (von Koenen,
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1902), California (Lehmann and Murphy, 2000),
Argentina (Riccardi et al., 1987), Australia (Whitehouse,
1926), Zululand (Kennedy and Klinger, 1979), Antarctica
(Thomson, 1974), and Japan (this paper).

Superfamily Desmocerataceae Zittel, 1895
Family Desmoceratidae Zittel, 1895
Subfamily Puzosiinae Spath, 1922
Genus Valdedorsella Breistroffer, 1947

Valdedorsella kasei Obata and Matsukawa, 2018
Figs. ST-AA

2013 Valdedorsella getulina, Inose et al., fig. 5-3.

2018 Valdedorsella kasei Obata and Matsukawa, p.
241, figs. 15A-T.

Material. Two specimens, TGUSE-MM 6413 (1. Obata
collector), a part of outer whorl, from location OHS5;
NMNS-PM 23792 (Inose et al. collectors), shell, from
location Loc. 2. Both specimens come from the Sakiyama
Formation, Ebisudana, Hideshima coast, Sakiyama
region, Miyako City.

Dimension (in mm except for U/D and W/H).

Specimen D U uUubD W H W/H
TGUSE-MM 6413 --- 7.1 -- 149 12.1 123
NMNS-PM 23792 21.0 4.6 0.22 12.5 105 1.19

Descriptive remarks. Because of its small shell,
depressed and infalted whorl (W/H ranges from 1.19 to
1.23) with broad and rounded venter, convexly curved
ribs and constrictions, the specimens are identified as
Valdedorsella kasei (Obata and Matsukawa, 2018, p. 241,
figs. 15A-T) from the Miyako Group. To date, six
specimens of this species have been reported by Obata
and Matsukawa (2018); (1) NMNS-PM 35072, the
holotype of the species from Ks2005, (2) and (3)
NMNS-PM 35073 and 35074 from locality Kc-e,
Ebisudana, Hideshima coast, (4) NMNS-PM 35075 from
locality Hy2099, Ebisudana, (5) and (6) NMNS-PM
35076 and NMMS-PM 35077 from Ks3001, Taro. The
specimens of the present study are thus the seventh and
eighth specimens from the Hideshima coast in Sakiyama
region.

Occurrence. The genus is reported from Spain (Fallot,
1920), France (Jacob, 1905), Poland (Vasicek, 1973),
Slovakia (Vasicek et al., 1994), Bulgaria (Dimitrova,

1967), Romania (Avram, 1995), Crimea, Ukraine
(Karakasch, 1907), Alaska, U.S.A. (Imlay, 1960),
Colombia (Bogdanova and Hoedemaceker, 2004),
Argentina (Aguirre-Urreta et al., 2005), and Japan
(Obata, 1967).

Family Kossmaticeratidae Spath, 1922
Subfamily Marshallitinae Matsumoto, 1955
Genus Marshallites Matsumoto, 1955

Marshallites miyakoensis Obata and Futakami, 1991
Figs. 8A, B, G-1

1991 Marshallites miyakoensis Obata and Futakami,
pp. 124-128, pl. 31, figs. 1-5.

2013 Pseudohaploceras sp., Inose et al., fig. 6a, b.

2018 Marshallites miyakoensis, Obata and Matsukawa,
figs. 35E-1.

Material. Three specimens. (1) NMNS-PM 23795
(Inose et al. collectors) is complete shell and comes from
the Sakiyama Formation at location Loc. 1, Ebisudana,
Hideshima coast, Miyako City. Two fragmentary
specimens, (2) TGUSE-MM 6212 (I. Obata collector), an
internal mold, from the Hiraiga Formation at location
OH4, at Hideshima fishing port and (3) TGUSE-MM
6419 (1. Obata collector), an external mold, from the
Hiraiga Formation at location Ob01, Hideshima fishing
port, Miyako City.

Dimension (in mm except for U/D and W/H).

Specimen D U UD W H WH
NMNS-PM 23795 30.5 82 027 88 139 0.63
-1/4 phi 245 62 025 65 120 0.54
TGUSE-MM 6212 31.7 8.6 027 -- 127 --
TGUSE-MM 6419 ---  ——- - - 23 -

Descriptive remarks. Because of its fairly small,
compressed whorl, narrow umbilicus, flexuous ribs which
branch at the umbilical margin and on the mid-flanks, and
its narrow and deep constrictions which are parallel with
ribs, the specimen is identified as Marshallites
miyakoensis Obata and Futakami, 1991. The illustrated
specimen of Pseudohaploceras sp. (NMNS PM 23795) of
Inose et al. (2013, figs. 5-6a, b) from the Sakiyama
Formation at location Loc. 1 can be identified as the
present species based on its ribs bundled at the umbilical

margin, some of them bifurcated into two on the middle



Ammonite assemblages of the Miyako Group 15

flank, and also the constrictions parallel with ribs.

Occurrence. The genus is reported from the Aptian of
the Philippines (Matsukawa et al., 2012), the Aptian of
Kumamoto, Japan (Matsumoto et al., 1968; Matsumoto
and Murakami, 1991) and the Aptian of Miyako (Obata
and Futakami, 1991), the Cenomanian of Hokkaido
(Matsumoto et al., 1991), the Albian — Cenomanian of
western Korjak and Kamchatka (Alabushev, 1995), the
Cenomanian of Alaska (Matsumoto, 1959), and the
Albian of British Colombia, Canada (Haggart, 1986,
1991).

Family Cleoniceratidae Whitehouse, 1926

Genus Anadesmoceras Casey, 1954

Anadesmoceras sp.
Figs. 5P-S

2013 Desmoceratidae gen. ef sp. indet., Inose et al., fig.
4a, 4b.

Material. A single specimen, NMNS-PM 23793 (Inose
et al. collectors) is shell, and comes from the Sakiyama
Formation at location Loc. 2, Ebisudana, Hideshima
coast, Miyako City.

Dimension (in mm except for U/D and W/H).

Specimen D U UD W H WH
NMNS-PM 23793 14.0 ca.3.6 ca.0.26 5.2 ca.6.7 ca.0.78

Descriptive remarks. The specimen is characterized by
a thick whorl ornamented with sigmoid ribs, some of
them bundled, and with distinct and comparatively deep
constrictions which are parallel to ribs. The specimen is
similar to the illustrated specimen of Carloscaceresiceras
caceresi (Etayo-Serna, 1979, p. 25, pl. 10, fig. 1;
text-figs. 4A, B; 10), which is characterized by a lack of
ribs on the inner lateral area. However, the characteristics
of the present specimen cannot be fully confirmed due to
adhering matrix.

Regarding the genus Carloscaceresiceras, there are
two diverse opinions; Wright ef al. (1996) and Klein and
Vasicek (2011) consider the genus as a junior synonym of
the genus Anadesmoceras, while Bogdanova and
Hoedemacker (2004) consider it to be distinguishable
from the genus Anadesmoceras. Gonzalez-Leon et al.,
(2016) demonstrated a specimen from the lower Albian of

Colombia as Carloscaceresiceras cf. caceresi. Although

they did not describe its systematic description, they
mentioned the genus is valid. We are not able to assess
this argument because we have only one small specimen
available, which we identify the specimen as
Anadesmoceras sp.

Occurrence. The genus is reported from the lower
Albian of England (Casey, 1966), Mangyshlak
(Kazakhstan) (Saveliev, 1973), Colombia (Etayo-Serna,
1979) and Japan (this paper).

Suborder Ancyloceratina Wiedmann, 1966
Superfamily Ancylocerataceae Gill, 1871
Family Ptychoceratidae Gill, 1871
Genus Ptychoceras Orbigny, 1840

Ptychoceras cf. emericianum Orbigny, 1840
Figs. 8C-F

2013 Ptychoceras sp., Inose et al., figs. 5-10.

Material. A single specimen, NMNS-PM 23799 (Inose
et al. collectors), a partial specimen consisting of two
contiguous shafts. The specimen comes from the
Sakiyama Formation at location Loc. 2.

Dimension (in mm except for wi/h1 and w2/h2).
Specimen L B T w!l hl wl/hl w2 h2 w2/h2
NMNS-PM 23799 10.2 3.2 22 14 1.5 093 2.0 1.5 133

Descriptive remarks. The specimen is so small for the
genus, and is characterized by contiguous shafts, smooth
on the surface of the early shaft, with ribs appearing on
the later shaft. The ribs consist of those that rise at the
dorsum seam and those which appear on the upper flank.
The section of the shaft is circular and becomes wider
than high. These characteristics suggest that the specimen
can be identified as Ptychoceras emericianum (Orbigny,
1840, p. 555, pl. 137, figs. 1-4), from the Aptian of
southeast France, although the French specimens are
larger than the present specimen. Since the ontogenetic
characteristics of both specimens are unknown, we
identify the present specimen as Ptychoceras cf.
emericianum (Orbigny, 1840).

Occurrence. Ptychoceras emericianum is reported from
France (Orbigny, 1840), Romania (Avram, 1970), and the
northern Caucasus (Rouchadz¢, 1938).



16 Matsukawa M. and Shibata K.

Fig. 8 A-B, G-I, Marshallites miyakoensis; A, TGUSE-MM 6212 (I. Obata collector), lateral view of internal mold of whorl, Hiraiga
Formation (loc. OH4, B, TGUSE-MM 6419 (1. Obata collector), external mold of whorl, Hiraiga Formation (loc. Ob01), G-I,
NMNS-PM 23795 (Inose et al. collectors), shell, Sakiyama Formation, lateral (G and I) and frontal views. C-F, Ptychoceras
cf. emericianum; NMNS-PM 23799 (Inose et al. collectors), shell, Sakiyama Formation (loc. Loc. 2), lateral (C), ventral (D
and E) and frontal (F) views. J-L, Paracheloniceras guenoti; IGPS 36512B (S. Shimizu collector), an internal mold of a partial
whorl, Hiraiga Formation (loc. OH4), lateral (K), ventral (J) and frontal (L) views. M-O, Epicheloniceras sp.; TGUSE-MM
6416 (S. Nagashima collector), shell, Hiraiga Formation (loc. OH4), lateral (M, N), and ventral (O) views. P-R,
Diadochoceras nodosocostatiforme; L, IPMM 31210 (F. Sasaki collector), Hiraiga Formation (loc. Ks 2005), lateral view, Q
and R, TGUSE-MM 6421 (T. Kase collector), (loc. Ks2005), external mold (R) and its rubber pull (Q). Scale bars show 1 cm.
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Superfamily Douvilleicerataceae Parona and Bonarelli,
1897
Family Douvilleiceratidae Parona and Bonarelli, 1897
Subfamily Cheloniceratinae Spath, 1923
Genus Epicheloniceras Casey, 1954

Epicheloniceras sp.
Figs. 8M-O

Material. Two specimens, TGUSE-MM 6416 (S.
Nagashima collector) and TGUSE-MM 6431 (1. Obata
collector), from dark gray mudstone of the Hiraiga
Formation at location OH4, Hideshima fishing port,
Miyako City.

Dimension (in mm except for W/H).

Specimen D U UD W H WH
TGUSE-MM 6416 152 - - 83 79 1.05

Descriptive remarks. The specimens are characterized
by small shell, depressed whorl (W/H of TGUSE-MM
6416: 1.05), and dense and radiate ribs. These consist of
major and minor ribs, with two or three minor ribs
sandwiched between major ribs on the early whorl, and
with one rib sandwiched between major ribs and / or only
the major ribs on the later whorl. Some major ribs have a
lateral tubercle and a ventrolateral projection lacking a
protruding tubercle, and branch into two at the lateral
tubercle. Based on these characteristics, and the fact that
the specimen are about 15 mm in diameter, they can be
identified as the genus Epicheloniceras (Wright et al.,
1996). Since there are no other, more mature specimens
in the Hideshima area which can be identified as
Epicheloniceras in the area, we therefore identify the
specimens as Epicheloniceras sp.

Occurrence. The genus is reported from England (e.g.
Casey, 1962), Spain (e.g. Moreno-Bedmar et al., 2012),
France (e.g. Ropolo et al., 2008), Germany (e.g. Kemper,
1963), Switzerland (e.g. Jacob and Tobler, 1906), Italy
(Tavani, 1949), Bulgaria (Dimitrova, 1967), Russia (e.g.
Wassiliewski, 1908), the Caucasus (e.g. Sinzow, 1907),
Georgia (e.g. Eristavi, 1955), Dagestan (e.g. Rouchadzé,
1938), California (Anderson, 1938), Mexico (e.g.
Humphrey, 1949), Colombia (e.g. Etayo-Serna, 1979),
Madagascar (e.g. Collignon, 1962), Mozambique
(Forster, 1975) and Japan (e.g. Matsukawa, 2021).

Genus Paracheloniceras Collignon, 1962

Paracheloniceras guenoti Collignon, 1965
Figs. 8]-L

1965 Paracheloniceras guenoti Collignon, pl. 1, figs.
1, la, 1b, 2, 2a, b.

2000 Paracheloniceras guenoti, Kennedy, fig. 58de, e
= Collignon, 1965, pl. 1, figs. 2, 2a, 2b.

Material. A single specimen, a partial whorl of an
internal mold, IGPS36512B (S. Shimizu collector), with
piece of shell, from a dark gray to black muddy sandstone
bed that corresponds to the Hiraiga Formation at location
OH4, Hideshima fishing port, Miyako City.

Dimension (in mm except for W/H).

Specimen D U UD W H W/H
IGPS36512B B e A

Descriptive remarks. The specimen is characterized by
an elliptical whorl with coarse, broad, radiate, straight and
flat-topped ribs that broaden across the flanks. The ribs
have weak umbilical bullae, a small inner lateral tubercle,
large outer tubercles, and large ventrolateral clavi. Based
on the features, the specimen is identified as
Paracheloniceras guenoti (Collignon, 1965, pp. 47-48,
pl. 1, figs. 1a, b, 2a, b), from the Aptian of Madagascar.
The surface ornamentation of P. guenoti from Aptian
Madagascar is almost the same throughout growth.
Therefore, even though the present specimen is a partial
whorl fragment, we judged that its characteristics are the
same as the illustrated specimens of Paracheloniceras
guenoti (Collignon, 1965, pp. 4748, pl. 1, figs. la, b, 2a,
b).

Occurrence. The species is reported from the upper

Aptian of Madagascar (Collignon, 1965).

Genus Diadochoceras Hyatt, 1900

Diadochoceras nodosocostatiforme (Shimizu, 1931)
Figs. 8P-R

Synonymy.

1931 Douvilleiceras nodosocostatiforme Shimizu, p.
35, pl. 1, figs. 6, 7.

1968 Diadochoceras nodosocostatiforme, Hanai et al.,
pl. 2, fig. 7.
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1968 Diadochoceras cf. nodosocostatiforme,
Matsumoto, 1968, pp. 141-143, pl. 2, fig. 1.

1975 Diadochoceras nodosocostatiforme, Obata, pp.
2-5, pl. 1, figs. 3-5, text-figs. 1, 2.

1979 Diadochoceras nodosocostatiforme, Kitamura et
al.,pl. 7, figs. 1, 4.

2018 Diadochoceras nodosocostatiforme, Obata and
Matsukawa, figs. M—P.

2021 Diadochoceras nodosocostatiforme, Matsukawa,
pp. 10-11, figs. 7N-R.

Material. Two specimens. On IPMM 31210 (F. Sasaki
collector) only the shell on the right side of the whorl is
preserved. TGUSE-MM 6421 (T. Kase collector) is a part
of external mold of shell. The specimens come from the
upper part of the Hiraiga Formation at location Ks2005.

Dimension (in mm except for U/D and W/H).

Specimen D U UD H W WH
IPMM 31210 ca.302 82 ca04l 11.0 - -
TGUSE-MM 6421 ca.26.5 8.4 ca.0.32 ca.14.9 --- ---

Descriptive remarks. The specimens are characterized
by a very small shell with evolute whorl, moderate
umbilicus, flank surface ornamented with coarse, strongly
radial primary ribs with small umbilical bullae, large
ventrolateral tubercle and ventral tubercles, and narrow
minor ribs. Based on these features, the specimen is
identified as Diadochoceras nodosocostatiforme (Obata,
1975, pp. 2-5, pl. 1, figs. 3-5, text-figs. 1, 2) from the
Hiraiga Formation of the Miyako Group.

Occurrence. The genus is reported from France
(Orbigny, 1840), Hungary (Szives, 2007), Georgia
(Kvantaliani, 1972), the northern Caucasus (Mikhailova,
1963), the western Caucasus (Egoian, 1965), Kazakhstan
(Glazunova, 1953), Madagascar (Collignon, 1962),
Venezuela (Renz, 1982) and Japan (Obata, 1975).

Genus Sonoraceras Samaniego-Pesqueira,

Moreno-Bedmar and Alvarez-Sanchez, 2021

Sonoraceras? sp.
Figs. 9N-O

Compare.

2021 Sonoraceras tepachensis Samaniego-Pesqueira,
Moreno-Bedmar and Alvarez-Sanchez, pp. 4-7, figs.
7B-E, 8A-E; figs. 9A1-3; appendix 3B-E.

2022 Sonoraceras? sp., Matsukawa and Oji,
p.152-153, fig. 40-Q.

Material. A single specimen, TGESE-MM 6428 (1.
Obata collector), is an external mold of a partial whorl,
and comes from the upper part of the Hiraiga Formation
at location OH4, Hideshima fishing port.

Dimension (in mm).

Specimen D U UD W H WH
TGUSE-MM 6428 - - - - 84 -

Descriptive remarks. The specimen is characterized by
rectangular whorl-section with angular ventral shoulder
and flat flanks, and dense ribs which arise at the umbilical
margin, trend straight across the flank and cross the
venter orthogonally. Small tubercles are seen on some
ribs at about mid-flank, and at the ventral shoulder on all
ribs. Based on its quadrate whorl-section, straight ribs
crossing on the venter, and two rows of tubercles on ribs
at the mid-flank and at the ventral shoulder, the specimen
tentatively is assigned to the genus Sonoraceras
(Samaniego-Pesqueira et al., 2021, pp. 4-7, figs. 7B-E,
8A-E; figs. 9A1-3; appendix 3B-E) from the upper
Aptian of the Agua Salada Formation in northwestern
Mexico. However, the ribs of the present specimen are
denser than those of the Mexican one, and the
whorl-section of the present specimen is rectangular,
whereas that of the Mexican specimen is quadrangular.
Therefore, we identify the specimen as Sonoraceras? sp.

Occurrence. The genus Sonoraceras is reported from
the upper Aptian of northwestern Mexico

(Samaniego-Pesqueira et al., 2021).

Subfamily Douvilleiceratinae Parona and Bonarelli,
1897

Genus Eodouvilleiceras Casey, 1961

Remarks. Latil (2011) regarded the genus
Eodouvilleiceras (Casey, 1961) as a synonym of the
genus Douvilleiceras Grossouvre (1894). Based on the
ontogeny of some juvenile, primitive members of the
Douvilleiceras by Jacob (1905), Latil (2011) mentioned
that the genus Eodouvilleiceras, described for transitional
morphologies from Epicheloniceras to Douvilleiceras,
could only represent an ontogenetic stage of an early
member of the genus Douvilleiceras. Obata and

Matsukawa (2018) then suggested that the specimens
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Fig. 9 A-J, Eodouvilleiceras matsumotoi; A-C, NMNS-PM 28796 (Inose et al. collectors), shell, Sakiyama Formation, (loc. Loc. 2),
lateral (A), frontal (B) and ventral (C) views, D and E, NMNS-PM 23797 (Inose et al. collectors), shell, Sakiyama Formation
(loc. Loc. 2), lateral (D) and ventral (E) views, F-J, TGUSE-MM 6174 (T. Kase collector), partial whorl of shell, ventral (F),
frontal (G), lateral (H) views, and I and J (rubber pulls of lateral views). K-M, Pseudoleymeriella hataii, NMNS-PM 23791
(Inose et al. collectors), shell, Sakiyama Formation, (loc. Loc. 2), lateral (K and M) and ventral (L) views. N, O, Sonoraceras?
sp., TGUSE-MM 6428 (I. Obata collector), Hiraiga Formation (loc. OH4), lateral view of external mold (O) and its rubber pull
(N). P. Sanmartinoceras bifurcatum; TGUSE-MM 6101 (K. Tanaka collector), Hiraiga Formation (loc. Ob01), keel enlarged.
Scale bars show 1 cm.
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named as Eodouvilleiceras matsumotoi should be revised
to Douvilleiceras matsumotoi because these specimens
are characterized by morphologies characteristic of the
genus Epicheloniceras in early stage, and by the genus
Douvilleiceras in later stage, i.e., exhibiting a single
ventrolateral tubercle on the rib in early growth stages
and two ventrolateral tubercles on each rib in later stages.
However, in those specimens, the characteristics of the
genus Epicheloniceras, in which the ribs bifurcate into
two at the lateral tubercles, is not recognized. This does
not support the idea of Latil (2011). Therefore, some
specimens identified as the genus Eodouvilleiceras do not
show ontogenetic morphological changes from the genus
Epicheloniceras to the genus Douvilleiceras, and they are
appropriately to be identified as the genus
FEodouvilleiceras. In conclusion, we follow the Obata’s
(1969) taxonomy that the specimens are identified as

Eodouvilleiceras matsumotoi.

Eodouvilleiceras matsumotoi Obata, 1969
Fig. 9A-]

1969 Eodouvilleiceras matsumotoi Obata, pp. 166—169,
p. 18, figs. 2, 3, 5; pl. 19, fig. 2; text-fig. 1.

2013 Douvilleicerataceae gen. et sp. indet., Inose et al.,
figs. 5-6, 7.

2018 Douvilleiceras matsumotoi, Obata and
Matsukawa, p. 259.

Material. Three specimens. (1) TGUSE-MM 6174 (T.
Kase collector) is a partial outer whorl, and obliquely
deformed, and comes from the upper part of the Hiraiga
Formation at location Ks 2005, Hideshima fishing port in
Miyako City. (2) NMNS-PM 23796 (Inose et al.
collectors) and (3) NMNS-PM 23797 (Inose et al.
collectors) are partial shells of very small specimens, and
come from the Sakiyama Formation al location Loc. 2,
Ebisudana, coast of Hideshima, Miyako City.

Dimension (in mm except for U/D and W/H).

Specimen D u u/D H W WH
TGUSE-MM 6174 - - - 79 19.0 241
NMNS-PM 23796 7.1+ 23 032+ 24 - -

NMNS-PM 23797 5.8 29 050 21 43 204

Descriptive remarks. The specimens are characterized
by a depressed whorl, coronate whorl-section, whorl

surface ornamented with prorsiradiate ribs which arise at

the umbilical shoulder, proceed straight on flank and
cross the venter orthogonally. The ribs consist of
alternating thick majors and thin and weak minors. Major
ribs bear small umbilical bullae, lateral tubercles, and
mammillate ventral tubercles. Bifurcated ventral tubercles
cannot be confirmed because these tops of large specimen
(TGUSE-MM 6174) have been broken. In addition, small
specimens (NMNS-PM 23796 and 23797) have
undeveloped tubercle bulge. The characteristics are not
conspicuous in juvenile shells of the E. matsumotoi
(Obata, 1969, pl. 18, figs. 2, 3). The specimens are
identified as Fodouvilleiceras matsumotoi (Obata, 1969,
pp. 166-169, p. 18, figs. 2, 3, 5; pl. 19, fig. 2; text—fig. 1)
from the lower part of the Hiraiga Formation.

Occurrence. The genus is reported from France (Jacob,
1905), the Caucasus (Egoian, 1969), Georgia (Eristavi,
1955), Turkmenistan (Urmanova, 1962), the lower Albian
of Texas (Scott, 1940), the upper Aptian Colombia
(Riedel, 1938), Kumamoto, Japan (Matsumoto and
Tamura, 1968) and the uppermost Aptian of Miyako,
Japan (Obata, 1969).

Family Trochleiceratidae Breistroffer, 1951
Genus Pseudoleymeriella Casey, 1957

Pseudoleymeriella hataii Obata, 1973
Figs. 9K-M

1973 Pseudoleymeriella hataii Obata, pp. 309-312, pl.
34, figs. 1,2, 4, 5,7, 8; text-figs. 1, 2.

2013 Pseudoleymeriella hataii, Inose et al., figs.
5-2a, b.

Material. NMNS-PM 23791 (Inose et al. collectors),
shell, from the Sakiyama Formation at location Loc. 2,
Ebisudana, Hideshima coast, Miyako City.

Dimension (in mm except for U/D and W/H).

Specimen D U UD H W WH
NMNS-PM 23791 183 59 032 87 6.8 0.78

Descriptive remarks. Based on the presence of ribs
interrupted on the venter, and ventrolateral tubercles but
no lateral tubercles on the ribs, the specimen is identified
as Pseudoleymeriella hataii (Obata, 1973, pp. 309-312,
pl. 34, figs. 1, 2,4, 5, 7, 8; text—figs. 1, 2) from the upper
part of the Hiraiga and Aketo formations of the Tanohata

area.
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Occurrence. The genus is reported from British
Columbia, Canada (Whiteaves, 1893), the Aptian of
Madagascar (Collignon, 1962) and Spain (Wiedmann,
1966), and Japan (Obata, 1973).

Superfamily Deshayesitaceae Stoyanow, 1949
Family Parahoplitidae Spath, 1922
Subfamily Acanthohoplitinae Stoyanow, 1949
Genus Hypacanthoplites Spath, 1923

Hypacanthoplites subcornuerianus (Shimizu, 1931)
Figs. 10S-X

1931 Acanthoplites subcornuerianus Shimizu, pp.
32-33, pl. 1, figs. 8,9

1968 Hypacanthoplites subcornuerianus (Shimizu),
Hanai et al., pl. 2, Fig. 6

1980 Hypacanthoplites subcornuerianus (Shimizu),
Obata and Matsukawa, pp. 185-213, 189, pls. 23, 24.

Material. Thirteen specimens. (1) IGPS 36512 (S.
Shimizu collector), type specimen of the species, shell is
flattened, comes from location OH 4, Hideshima fishing
port, Miyako City. (2) TGUSE-MM 6415, (3) 6417, (4)
6418, (5) 6422, (6) 6423, (7) 6427, (8) 6453, (9) 6454 (1.
Obata collector), all from location OH 4. (10) 6420 (H.
Yaegashi collector), from location Obl, and (11) 6450,
(12) 6451, (13) 6452 (T. Kase collector), from the Hiraiga
Formation at location Ks2005.

Dimension (in mm except for U/D and W/H).

Specimen D U u/D H W WH
TGUSE-MM 6415 ca.253 8.0 «ca. 031 103 -- -
TGUSE-MM 6420 - - - Y

TGUSE-MM 6451 141 42 030 6.0 6.1 1.01
Descriptive remarks. Because of its rectangular
whorl-section, broadly arched venter, straight and broad
primary ribs with umbilical bullae, ventrolateral tubercles,
and faint projection on the venter, as well as narrow
secondary ribs, the specimens are identified as
Hypacanthoplites subcornuerianus (Shimizu, 1931).
Occurrence. All specimens came from the Hiraiga

Formation.

Hypacanthoplites cf. anglicus Casey, 1965
Fig. 10A-K

Compare.

1965 Hypacanthoplites anglicus Casey, pp. 427428,
pl. 71, figs. 4-7; pl. 74, fig. 2; text-figs. 162a, d, g.

Material. Three specimens, TGUSE-MM 6424, 6425,
and 6246 (all I. Obata collector), are all partial whorls and
internal molds, and come from the upper part of the
Hiraiga Formation at location OH 4, Hideshima fishing
port, Miyako City, Iwate Prefecture. They have been
slightly deformed obliquely by pressure.

Dimension (in mm except for U/D and W/H).

Specimen D U UD H W WH
TGUSE-MM 6424 - --- - 9.1 47 0.52
TGUSE-MM 6425 - - - 84 52 0.62
TGUSE-MM 6426 - --- - 123 74 0.60

Descriptive remarks. The specimens exhibit a highly
rectangular whorl-section, with flat flanks and flat venter,
deep umbilicus with steep wall and rounded margin. The
flank surface is ornamented with coarse ribs consisting of
primaries and secondaries. The primary ribs arise at
umbilical bullae, trend straight across the flank and cross
the venter orthogonally. The secondary ribs arise at
mid-flank and some of them arise at lower flanks, and
cross the venter orthogonally. The primary ribs and the
secondary ribs alternate, or the secondary ribs are inserted
every two to four primary ribs. The width of ribs on the
venter is the same for both primaries and secondaries. The
width of the interspace between the ribs is about twice
that of width of the ribs themselves. The number of ribs is
10 to 12. Ribs have bullae and also two rows of tubercles;
the first row is located at the outer flank, the second one
at the ventral shoulder.

The ribbing pattern of the present specimens, in which
the primary and secondary ribs alternate and the
secondary ribs are inserted every two to four primary ribs,
is similar to the illustrated specimens of Hypacanthoplites
anglicus (Casey, 1965, pl. 71, figs. 4-7) from the upper
Aptian of the Lower Greensand, southern England.
However, the ribs of the present specimens are thicker
than those of the English specimens. We, therefore,
identify the specimen as Hypacanthoplites cf. anglicus.

Occurrence. Hypacanthoplites anglicus is reported
from the Aptian of England (Casey, 1965), the Aptian of
France (Breistroffer, 1947; Marechal, 1994; Kennedy et
al., 2000), the Albian of Georgia (Eristavi, 1961) and
Germany (Kemper, 1975), the Aptian of Ethiopia (Zeiss,
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Fig. 10 A-K, Hypacanthoplites ct. anglicus; A-D, TGUSE-MM 6424 (1. Obata collector), shell, Hiraiga Formation (loc. OH4),lateral
(A and D), ventral (B), and frontal (C) views. E-G, TGUSE-MM 6426 (1. Obata collector), shell, Hiraiga Formation (loc.
OH4), lateral (E), frontal (F), and ventral (G) views. H-K, TGISE-MM 6425 (I. Obata collector), shell, Hiraiga Formation
(loc. OH4), lateral (H and K), ventral (I) and frontal (J) views. L-O, Hypacanthoplites cf. elegans; TGUSE-MM 6429 (1.
Obata collector), shell, Hiraiga Formation (loc. OH4), lateral (L and O), ventral (M) and frontal (N) views. P-R,
Hypacanthoplites sp.; TGUSE-MM 6430 (I. Obata collector), shell, Hiraiga Formation (loc. OH4), lateral (P and R), and
ventral (Q) views. S-X, Hypacanthoplites subcornuerianus; S and T, IGPS 36512 (S. Shimizu collector), holotype, shell,
Hiraiga Formation (loc. OH4), ventral views (S and T). U-W, TGUSE-MM 6422 (I. Obata collector), shell, Hiraiga
Formation (loc. OH4), lateral (U and W) and ventral (V) views. X, TGUSE-MM 6450 (T. Kase collector), shell, Hiraiga
Formation (loc. Ks2005, lateral view. Scale bars show 1 cm.
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1975), the Aptian-Albian Austria (Follmi, 1989), the
Caucasus (Baraboshkin, 1999), and Iran (Raisossadat,
2006).

Hypacanthoplites cf. elegans (Fritel, 1906)
Figs. 10L-O

Compare.

1965 Hypacanthoplites elegans, Casey, p. 439—440, pl.
71, figs. la, b; pl. 72, fig. 3; pl. 74, figs. 10a, b; text—fig.
163a—c.

2000 Hypacanthoplites elegans, Kennedy, p. 694-696,
figs. 38a-m, 53j, k, 57a-1, k-q.

Material. A single specimen, TGUSE-MM 6429 (1.
Obata collector), a partial internal mold of whorl, from
the Hiraiga Formation at location OH4, Hideshima
fishing port, Miyako City, Iwate Prefecture. The
specimen is obliquely deformed by pressure and the top
of a bullae is broken.

Dimension (in mm except for U/D and W/H).
Specimen D U UD H W WH
TGUSE-MM 6429 --- - - 80 36 045

Descriptive remarks. The specimen is characterized by
a compressed, sub-rectangular whorl-section with flat
flanks and flat venter, flank surface ornamented with
dense, slightly prorsiradiate straight ribs which cross the
venter orthogonally. The ventral shoulder is sub-angulate.
There are four bullae on the umbilical shoulder; these
give rise to three ribs with intercalated ribs inserted low
on the flank. The ribs are prorsiradiate, feebly convex on
the inner flank, extending forward and feebly convex on
the outer flank. Very small tubercles forming projections
are found on ribs at the outer flank and small ventrolateral
tubercles are presence on all ribs. Based on these features,
the present specimen belongs to the genus
Hypacanthoplites (Wright et al., 1996). The presence of
three ribs which arise at the umbilical bullae, with
associated intercalated ribs, is similarly seen on the
illustrated specimens of Hypacanthoplites elegans of
Kennedy et al. (2000, figs. 38a—m, 53j, k, 57a-1, k—q),
from the upper Aptian of Germany. The German
specimens differ from the Japanese one in that the
umbilical bullae of those specimens exhibit a pair of ribs
and rarely three, whereas Japanese specimen shows three

ribs. Additionally, the illustrated specimens of H. elegans

(BM. C11763, text—fig. 163a—c in Casey, 1965) from
Germany have more prominent umbilical bullae than the
present specimen. Since the present specimen is only a
partial fragment of deformed outer shell, we identify it as
Hypacanthoplites cf. elegans.

Occurrence. Hypacanthoplites elegans is reported from
upper Aptian of southern and northern France, southern
England, Germany, and Central Asia (Kennedy et al.,
2000).

Hypacanthoplites sp.
Fig. 10P-R

Material. A single specimen, TGUSE-MM 6430 (1.
Obata collector), is a part of outer whorl, and comes from
the upper part of the Hiraiga Formation at location OH4,
Hideshima fishing port, Miyako City. The specimen is
deformed obliquely.

Dimension (in mm except for U/D and W/H).
Specimen D U UD H W WH
TGUSE-MM 6430 --- - - 10.8 6.5 0.60

Descriptive remarks. The specimen is characterized by
rectangular whorl-section with round flanks and flat
venter, shallow umbilicus with steep wall and rounded
margin, whorl surface ornamented with dense, sinuous
ribs that consist of the primaries and the secondaries. The
primary ribs arise at the umbilical bullae, pass along the
flanks, and cross the venter orthogonally. The secondary
ribs arise at umbilical the margin and/or the middle of the
flank. Primary and secondary ribs alternate, or the
secondary ribs are inserted every one to four primary ribs.
The width of the interspace between ribs is the same as
that of rib width. The number of ribs is seven. Ribs have
bullae and also two rows of tubercles; the first row is
located at mi-flanks and the second one at the ventral
shoulder. Based on these features, the specimen belongs
to the genus Hypacanthoplites (Wright et al., 1996). The
specimen differs from the specimens of Hypacanthoplites
subcornuerianus in that its secondary ribs arise weakly at
the lower and/or mid-flank. Therefore, we identify the

specimen as Hypacanthoplites sp.

Subfamily Parahoplitinae Spath, 1922
Genus Parahoplites Anthula, 1899
Parahoplites cf. laticostatus (Sinzow, 1907)
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Fig. 11

Compare.

1907 Acanthohoplites laticostatus Sinzow, pp.
482-483, pl. 5, figs. 9-13.

1938 Parahoplitoides cerrosensis, Anderson, pp.
168-169, pl. 33, fig. 1.

1953 Acanthohoplites laticostatus, Glazunova, pp. 41,
pl. 7, figs. 2a-c, text—fig. 16.

1962 Acanthohoplites cf. laticostatus, Collignon, p.56,
pl. 237, fig. 1021.

2009 Parahoplites laticostatus, Lehmann et al., pp.
907-908, figs. 8E, F.

Material. A single specimen, IPMM30427 (S. Inomata
collector), came from the Hiraiga Formation at location
Ks 2005, sea floor of Hideshima fishing port, Miyako
City. An inner shell of the specimen is not preserved.

Dimension (in mm except for U/D and W/H).

Specimen D U UuU/D H W W/H
IPMM 30427 225.0 69.5 031 79.6 -  ---
-1/2 volution - - - 643 73.1 1.14

Description. Shell is fairly large, discoidal, with
maximum width near the umbilical shoulder. Width of the
umbilicus proportional to the entire shell diameter is
moderate and the whorl is very evolute; the overlapped
part of the next inner whorl measured in the last
whorl-height, shows a value of 0.17. Umbilical wall is
steep and rounds to the flanks. Whorl is fairly depressed,
trapezoid in cross-section, with inflated sides from a
somewhat narrow convex venter to a broadened umbilical
shoulder. Surface of the shell is ornamented with low,
dense, slightly sinuous flat-topped ribs that are broad,
right-triangle in cross-section, gentle sloped on the
adapical side. The ribs arise at the umbilical seam, and
some branch into two at the umbilical shoulder or the
lower and middle flanks and arise at the middle flank in
the earlier whorl; they are single on later whorls. The ribs
cross the venter orthogonally. Suture line is unknown.

Remarks. Because the ribs lack tubercles, the specimen
belongs to the genus Parahoplites (Wright et al., 1996).

Comparison. The present specimen of the species is
similar to the specimen of Parahoplitoides cerrosensis
(Anderson, 1938, p. 168-169, pl. 33, fig. 1) from the
Shoup Creek section, a little above the Argonaut zone of
the Horsetown Group, at locality CAS 1347, 6 miles

south of Ono, Shasta County, California, in having
sinuous ribs which are flat-topped on the outer whorl. The
specimen is also similar to the illustrated specimens of
Acanthohoplites laticostatus (Sinzow, 1907, pp. 482—483,
pl. 5, fig. 9-13) from the Aptian of Mangyschlak in
Kazakhstan and Caucasus, in that the trapezoidal
whorl-section and surface is covered by dense, broad, and
flat-topped ribs. But the ribs of Mangyschlak’s specimens
are more round than those of the present specimen.
Therefore, it is better to identify the present specimens as
comparative species of Acanthohoplites laticostatus.
Subsequently, Lehmann et al. (2009, pp. 907-908, figs.
8E, F.) moved Acanthohoplites laticostatus in the genus
Parahoplites. Therefor, the present specimen is identified
as Parahoplites cf. laticostatus (Sinzow, 1907). The ribs
of the present specimen cross the venter orthogonally.
Ribs of the genus Parahoplites cross the venter forwardly
convex, so the present specimen may belong to a different
genus than Parahoplites. Since the only one specimen has
been obtained so far, we hesitate to propose a new genus.
The present specimen is different from the huge specimen
of Parahoplites colossus (Matsumoto, 1984, pp. 21-24,
pl. 1, figs. 1-3; pl. 2, figs. 1-3; text-fig. 1), from fallen
block from a cliff the Kamiji Formation of the Lower
Yezo Group along Pankenai river, because the expansion
rate of the Lower Yezo Group specimen is greater than
that of the present specimen, and the ribs of the present
specimens are denser than those of the Lower Yezo
Group specimen. Additionally, the ribs on the present
specimen are broader than those of the Lower Yezo
Group specimen.

Occurrence. The present species and the related species
are reported from Kazakhstan and Caucasus (Sinzow,
1907; Glasunova, 1953), Japan (this paper), California
(Anderson, 1938), Tunisia (Lehmann et al., 2009), and
Madagascar (Collignon, 1962).

DISCUSSION

1) Lithostratigraphic Correlation

Lithostratigraphic correlation of the Miyako Group
across the five regions of its distribution was first
presented by Yabe and Yehara (1913), but their
correlation was based mostly on biostratigraphy. In
contrast, Hanai ef al. (1968) considered that the
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Fig. 11 Parahoplites cf. laticostatus (Sinzow, 1907), IPMM30427 (S. Inomata collector), shell, Hiraiga Formation
(loc. Ks 2005), lateral (A and D), frontal (B), ventral (C) views. Scale bar shows 1 cm.
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lithostratigraphy within the Miyako Group could be
correlated on the basis of comparative successions of
sedimentary cycles in the five regions. This correlation
framework was followed largely by Shimazu et al.
(1970).

In the Tanohata region, the type area of the Miyako
Group, pebble- to boulder-sized conglomerates and
breccias of the Raga Formation overlie the basement
rocks (Hanai et al., 1968). Although the pebble- to
boulder-sized conglomerates also cover the basement
rocks in the Sakiyama region, the conglomerates are
intercalated with fine-grained sandstones with hummocky
cross-stratification (see Fig. 3). Pebbly fine-grained
sandstones developing hummocky cross-stratification are
also characteristic of the Tanohata Formation in the
Tanohata region (Fujino et al., 2006; Fujino and Maeda,
2013). Alternating beds of conglomerates and hummocky
cross-stratified sandstones in the Sakiyama region can
thus be correlated to the pebbly sandstone with

hummocky cross-stratification of the Tanohata

Tanohata Region Sakiyama Region

Shimazu et al. (1970)

Hanai et al. (1968) Tanaka and Obata (1982)

Present study
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Fig. 12 Lithostratigraphic correlation between the
Tanohata (Hanai et al., 1968) and Sakiyama (Shimazu
et al., 1970; Tanaka and Obata, 1982; and the present
study) regions. Schematic lithological features are also
shown.

Formation, rather than the basal clast-supported
conglomerates and breccias of the Raga Formation in the
Tanohata region (Fig. 12).

In the Tanohata region, the Hiraiga Formation, which
rests on the Tanohata Formation, is composed of
medium- to fine-grained calcareous sandstones and
laterally equivalent bioclastic sandstones that include
numerous Orbitolina sp. Based on thin sandy mudstone
layers intercalated in the medium- to fine-grained
calcareous sandstones in the middle part of the Hiraiga
Formation, the formation is divided into two parts as the
lower and upper cycles (Hanai ef al., 1968). Shimazu et
al. (1970) used the lithostratigraphy and correlation based
on grain size changes by Hanai ez al. (1968). They
correlated the Hiraiga and Sakiyama formations in the
Sakiyama region with the two cycles in the Hiraiga
Formation in the Tanohata region (Fig. 12). However, the
thin sandy mudstone layers in the Orbitolina facies in the
Tanohata region are indistinct in the Tanohata region
(Hanai et al., 1968; Shibata’s observation in 2016 and
2022). This suggests that the two cycles of the Hiraiga
Formation in the Tanohata region may not be correlated
with the successions in other regions.

In the Sakiyama region, the Hiraiga Formation consists
of alternating beds of fine-grained calcareous sandstones
and sandy siltstones, with overlying dark gray,
well-sorted siltstones, which represent an overall
fining-upward trend. The medium- to fine-grained
calcareous sandstones and laterally equivalent bioclastic
sandstones in the Tanohata region are also characterized
by overall upward-fining trends. We, therefore, correlate
the sequence of the alternating beds of sandstones and
sandy siltstones to the well-sorted siltstones in the
Sakiyama region with the medium- to fine-grained
calcareous sandstones and laterally equivalent bioclastic
sandstones in the Tanohata region as the Hiraiga
Formation. As a result, the overlying silty sandstones of
the Sakiyama Formation in the Sakiyama region can be
interpreted as correlative with the silty sandstones of the

Aketo Formation in the Tanohata region (Fig. 12).

2) Ammonite Biostratigraphy of the Miyako Group in
the Sakiyama Region
Fourty-five specimens from the Miyako Group were

used for the study, which include the following specimens
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described by Obata and Matsukawa (2018): four
specimens of Valdedorsella kasei from Ks2005, Hy 2099
and Kc-e; and one specimen of Nolaniceras? yaegashii
from the Hiraiga Formation (loc. Ebisudana) (Fig. 13).
Based on Shimizu (1931, p. 7), the specimen described as
Parahoplites yaegashii nov. sp. (Shimizu, 1931, p. 30-31,
pl. 2, figs. 1, 2, 3) came from loc. Hideshima where the
layer bearing the specimen is overlain by scores of meters
the layer unit containing the specimen described as
Acanthoplites subcornuerianus nov. sp. (Shimizu, 1931,
p.- 32-33, pl. 1, figs. 8, 9). The beds that yield the
specimens of A. subcornuerianus and P. yaegashii
correspond to those located at loc. OH 4 and loc. OH 5,
respectively. The locality of the type specimen of H.
subcornuerianus (IGPS 36512) was given as location Hn
2058 by Obata and Matsukawa (2018), but it is here
corrected to location OH 4. Since the specimen listed as
Desmoceratidae gen. et sp. indet. (table 1 in Inose et al.,
2013), from location Loc. 3 of the Sakiyama Formation in
Ebisudana, is not confirmed, that specimen is excluded
from this study.

The stratigraphic distribution of the ammonite
assemblages of the Miyako Group of the Sakiyama region
can be divided into: (1) a combination of multiple teil
zones forming biozones; and (2) single occurrences of
characteristics species as specific biostratigraphic
horizons. Since Hypacanthoplites subcornuerianus occurs
in lithologic horizons OH4, Ob01, and Ks2005, all
included in the Hiraiga Formation, these strata can be
recognized as comprising a biozone. The
lithostratigraphic horizon Ks2005 also yields
Diadochoceras nodosocostatiforme as a biostratigraphic
horizon. According to Obata and Matsukawa (2018), H.
subcornuerianus and D. nodosocostatiforme are utilized
as zonal species of the H. subcornuerianus and overlying
D. nodosocostatiforme zones, respectively. Based on the
occurrences of these two species, the Hiraiga Formation
can be divided as a lithostratigraphic unit into the H.
subcornuerianus Zone that is a sequence from
lithostratigraphic horizons OH4 and Obl, and as the “D.
nodosocostatiforme biostratigraphic horizon.” The
lithostratigraphic horizon OHS5 that is included in the
Sakiyama Formation yields Valdedorsella kasei as a
characteristic species, which is also found in the

lithostratigraphic horizon Ks2005. These occurrences are

thus regarded as the “Valdedorsella kasei Zone.”
However, since Diadochoceras nodosocostatiforme is
employed as the zonal species of the Diadochoceras
nodosocostatiforme Zone of the Miyako Group, it is more
appropriate to identify the lithostratigraphic horizon
Ks2005 as a part of the D. nodosocostatiforme Zone than
an utilizing the Valdedorsella kasei Zone. Furthermore,
since the lithostratigraphic horizon OHS5 does not yield
common species in its higher lithostratigraphic horizons
(Locs. 1 and 2), it is more appropriate to identify the
lithostratigraphic horizon OH 5 as the upper part of the D.
nodosocostatiforme Zone. Eodouvilleiceras matsumotoi is
also found in the lithostratigraphic horizon Ks2005 of the
uppermost of the Hiraiga Formation and at Loc. 2 of the
Sakiyama Formation, respectively. This species is a
member of the assemblage of the Diadochoceras
nodosocostatiforme Zone, which is the middle of the
three zones which characterize the Miyako Group, the H.
subcornuerianus, Diadochoceras nodosocostatiforme,
and Douvilleiceras mammillatum zones (Obata and
Matsukawa, 2018). The lithostratigraphic horizon Ks2005
can thus be regarded as the Diadochoceras
nodosocostatiforme Zone. Finally, Marshallites
miyakoensis occurs in lithostratigraphic horizons OH4,
ObO1 and Loc. 1 that are included in the Hiraiga and
Sakiyama formations. These three locations with M.
miyakoensis are shown as a teil zone, but the lower of two
localities are included in the H. subcornuerianus Zone.
Both of the lithostratigraphic horizons OH4 and Ob01
yield both Hypacanthoplites subcornuerianus and
Marshallites miyakoensis. Marshallites miyakoensis
occurs only in the Aketo Formation in the Tanohata
region that is assigned to the Douvilleiceras mammillatum
Zone. These lithostratigraphic horizons are interpreted as
the overlap of the H. subcornuerianus and Douvilleiceras
mammillatum zones, as defined by Obata and Matsukawa
(2018). Loc. 1 yields Marshallites miyakoensis without H.
subcornuerianus similar to the Marshallites miyakoensis
location in the Aketo Formation. Loc. 1 is interpreted to
be in the Douvilleiceras mammillatum Zone. Since the
two lithostratigraphic horizons, OH4 and Ob01, both
yield Hypacanthoplites subcornuerianus and Marshallites
miyakoensis, it is more appropriate to identify both
lithostratigraphic horizons as the H. subcornuerianus

Zone, rather than as the D. mammillatum Zone.
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Formation. This supports the conclusion of Inose et al.

Based on Obata and Matsukawa (2018), both the H.
subcornuerianus and D. nodosocostatiforme zones are

(2013) that the Sakiyama Formation is correlated with the

upper Aptian to lower Albian.

assigned to the Aptian, and the D. mammillatum Zone is

assigned to the lower Albian. Accordingly, the Hiraiga

3) Confirmation of Stratigraphic Relationship of

Formation is Aptian, and the Sakiyama Formation is

in the Miyako Group
According to Obata and Matsukawa (2018), three
ammonite biozones are recognized in the Miyako Group:

10Zones in

Three Ammonite B

upper Aptian to lower Albian. The boundary between the

Aptian and Albian stages is to be found somewhere

between locations the OHS and Loc. 1 in the Sakiyama
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(1) the Hypacanthoplites subcornuerianus Zone,
comprising the Tanohata Formation and the lower portion
of the upper part of the Hiraiga Formation; (2) the
Diadochoceras nodosocostatiforme Zone, in the upper
part of the Hiraiga Formation, and (3) the Douvilleiceras
mammillatum Zone in the uppermost part of the Hiraiga
Formation and the Aketo Formation. Before establishing
a basin-wide biostratigraphic correlations for the Miyako
Group, the succession of biostratigraphic zones should be
confirmed by lithostratigraphic correlation among the five
discontinuously distributed outcrop regions of the Miyako
Group. If it is not always possible to trace the
lithologically subdivided strata laterally, it is the
necessary to demonstrate that correlation of the
lithostratigraphic units by ammonite biostratigraphy is
valid and effective. The Diadochoceras
nodosocostatiforme Zone was established based on the
assemblage in the upper part of the Hiraiga Formation in
the Moshi region, where the zone is found between the
underlying Hypacanthoplites subcornuerianus Zone and
the overlaying Douvilleiceras mammillatum Zone. In the
Sakiyama region, however, it has not been confirmed that
the D. nodosocostatiforme Zone falls between the
stratigraphy lower Hypacanthoplites subcornuerianus
Zone and stratigraphically younger Douvilleiceras
mammillatum Zone.

In the Sakiyama region, Fodouvilleiceras matsumotoi,
which is found in the upper part of the Hiraiga Formation
at Loc. Ks 2005, is a member of the assemblage that
constitutes the Diadochoceras nodosocostatiforme Zone.
From the Sakiyama Formation at Loc. 2, E. matsumotoi is
also a member of the assemblage that constitute the
Douvilleiceras mammillatum Zone. Hypacanthoplites
subcornuerianus is also found at the lithostratigraphic
horizon of the Loc. Ks 2005, as well as the underlying
two lithostratigraphic horizons; the level of the Loc. Ks
2005, excluding the two underlying horizons, is identified
as the Hypacanthoplites subcornuerianus Zone. In the
Sakiyama region, the biostratigraphic relationship
between the Hypacanthoplites subcornuerianus Zone and
the Diadochoceras nodosocostatiforme Zone can
therefore be confirmed.

Marshallites miyakoensis is a member of the
assemblage that makes up of the Douvilleiceras

mammillatum Zone in the Aketo Formation. In the

Sakiyama region, this species is also found in the Hiraiga
Formation and it is also a member of the
Hypacanthoplites subcornuerianus Zone and
Diadochoceras nodosocostatiforme Zone assemblages.
However, the upper part of the Sakiyama Formation can
be identified as the Douvilleiceras mammillatum Zone
because it contains Marshallites miyakoensis. This
confirms that hierarchical relationship between the
Diadochoceras nodosocostatiforme Zone and the
Douvilleiceras mammillatum Zone, which indicates that
the stratigraphic relationship of the three ammonite
biozones of the Miyako Group can be confirmed in the

Sakiyama region.

4) Correlation with Other Regions

According to Reboulet ef a/. (2018), ammonite
standard zonation of the upper Aptian to lower Albian
stages for the West Mediterranean Province of the
Tethyan Realm is divided into four zones in ascending
stratigraphic order. These are the Epicheloniceras
martini, Parahoplites melchioris, Acanthohoplites nolani
and Hypacanthoplites jacobi zones in the upper Aptian,
and the Leymeriella tardefurcata and Douvilleiceras
mammillatum zones in the lower Albian. The sequence
from the Hypacanthoplites subcornuerianus to
Diadochoceras nodosocostatiforme zones of the Miyako
Group can be considered correlative with the sequence
from the Acanthohoplites nolani Zone including the
Diadochoceras nodosocostatum Subzone in its lower part
and the Hypacanthoplites jacobi Zone of the ammonite
standard zonation for the upper Aptian for the West
Mediterranean Province. The two biozones of the Miyako
Group and the ammonite standard zonation are
complimentary.

In the Miyako Group, the Douvilleiceras mammillatum
Zone overlies the Diadochoceras nodosocostatiforme
Zone, and there is a lack of a specific ammonite biozone
corresponding to the Leymeriella tardefurcata Zone
between the H. jacobi and Douvilleiceras mammillatum
zones of the ammonite standard zonation. Both zones are
assigned to the uppermost zone of the Aptian and the
upper zone in two zones of the Albian stages,
respectively. Thus, the Aptian/Albian boundary cannot be
defined with any precision in the Miyako Group. This

lack of the Leymeriella tardefurcata Zone is also noted in
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California (Murphy, 1956) and Mexico (Samaniego-
Pesqueira et al., 2021) along the circum-North Pacific
rim. This may be related to two possibilities: (1) the
biogeographic distribution of Leymeriella tardefurcata
itself did not extend to the circum-North Pacific region;
and / or (2) physical and biogeographic connections
between both circum-North Pacific Realm and the
Tethyan Realm with the West European region were

closed during the transition from Aptian to Albian time.

5) Characteristics of Miyako Group Ammonite
Assemblages in the Sakiyama Region

In the above analysis, we have divided the ammonite
fauna of the Miyako Group into three distinct
assemblages based on the biostratigraphic zonation. The
characteristics of ammonite morphotypes found in the
three ammonite assemblages of the lowest
Hypacanthoplites subcornuerianus Zone, the middle
Diadochoceras nodosocostatiforme Zone, and the highest
Douwvilleiceras mammillatum Zone are as follows.

The lower ammonite assemblage, from locations OH4
and ObO1, representing the Hypacanthoplites
subcornuerianus Zone, consists of Sanmartinoceras
bifurcatum, Marshallites miyakoensis, Epicheloniceras
sp., Paracheloniceras guenoti, Sonoraceras? sp.,
Hypacanthoplites subcornuerianus, H. cf. anglicus, H. cf.

elegans and H. sp. Morphotypes of the lower assemblage

A B

Oppellidae Parahoplitidae

Kossmaticeratidae

Desmoceratidae

Douvilleiceratidae

22
Parahoplitidae

Douvilleiceratidae

|:| Smooth or weakly ornate planispiral form

include: (1) dominantly ornate planispiral form
representing five genera (one species of one genus of
Kossmaticeratidae, three species of three genera of
Douvilleiceratidae, four species of one genus of
Parahoplitidae); and (2) smooth or smooth or weakly
ornate planispiral forms consisting of one genus (one
species of one genus of Oppeliidae) (Fig. 14).

The middle ammonite assemblage, from localities
Ks2005 and OHS5, representing the Diadochoceras
nodosocostatiforme Zone, comprises the taxa
Valdedorsella kasei, Diadochoceras nodosocostatiforme,
Eodouvilleiceras matsumotoi, Hypacanthoplites
subcornuerianus and Parahoplites cf. laticostatus.
Morphotypes of this middle ammonite assemblage
include: (1) dominantly ornate planispiral forms
consisting of five genera (two species of two genera of
Douvilleiceratidae, three species of three genera of
Parahoplitidae), and (2) smooth or smooth or weakly
ornate planispiral forms consisting of one species of one
genus of Desmoceratidae).

The uppermost of the three assemblages, from
localities Loc. 1 and Loc.2, represents the Douvilleiceras
mammillatum Zone and includes Pictetia sp.,
FEogaudryceras (Eotetragonites) sp., Aconeceras aff.
nisoides, Valdedorsella kasei, Anadesmoceras sp.,
Marshallites miyakoensis, Ptychoceras cf. emericianum,

Eodouvilleiceras matsumotoi, and Pseudoleymeriella

C

Douvilleiceratidae
Trochleiceratidae

Lytocerastidae

Gaudryceratidae
Oppellidae

Desmoceratidae

Ptychoceratidae
¥ : Kossmaticeratidae

Cleoniceratidae

R Heteromorphs

Ornate planispiral form

Fig. 14 Diagrams displaying the abundance of specimens in the ammonite assemblages of Hypacanthoplites subcornuerianus Zone
(A), Diadochoceras nodosocostatiforme Zone (B) and Douvilleiceras mammillatum Zone (C) of the Miyako Group in

Sakiyama region in Miyako City, Iwate Prefecture. Numbers indicate the number of specimens.
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hataii. Morphotypes of the upper assemblage include: (1)
dominantly smooth or weakly ornate planispiral forms
consisting of five species of five genera (one species of
one genus of Lytoceratidae, Gaudryceratidae, Oppeliidae,
Desmoceratidae, and Cleoniceratidae); (2) ornate
planispiral forms consisting of three genera (one species
of one genus of Kossmaticeratidae, Trochleiceratidae, and
Douvilleiceratidae); and (3) heteromorph forms
consisting of one genus (one species of one genus of
Ptychoceratidae).

The upper assemblage is the most diverse of the three
taxonomically and morphologically, and may reflect the
expansion of ammonite habitats during this marine

transgression episode (Obata and Matsukawa, 2018).

CONCLUSIONS

1. The Miyako Group of the Sakiyama region is divided
lithostratigraphically into the Tanohata, Hiraiga, and
Sakiyama formations, in ascending order.

2. Ammonites from the Hiraiga and Sakiyama formations
represent 20 species of 17 genera, including one new
species, and are described systematically. Three
ammonite assemblages can be recognized from the
lower, middle, and upper parts of the Miyako Group in
the Sakiyama region. The lower and middle
assemblages are included in the sequence from the top
of the Hiraiga Formation and the lower part of the
Sakiyama Formation, while the upper assemblage is
included in the upper part of the Sakiyama Formation.
The lower assemblage consists of nine species,
including Hypacanthoplites subcornuerianus, the
middle assemblage consists of seven species, including
Diadochoceras nodosocostatiforme, and the upper
assemblage consists of nine species, including
Marshallites miyakoensis. These assemblages are
identified as characteristic of the Hypacanthoplites
subcornuerianus, Diadochoceras nodosocostatiforme,
and Douvilleiceras mammillatum zones of the Miyako
Group, respectively. They are assigned to the upper
Aptian — lower Albian of ammonite standard zonation
for the West Mediterranean province of the Tethyan
realm.

3. The morphotypes represented in the ammonite

assemblages are smooth or weakly ornate planispiral

forms, ornate planispiral forms, and heteromorphs. The
ranking of morphotypes of the ammonite assemblage
of the Miyako Group in the Sakiyama region shows
ornate and slightly smooth or weakly ornate planispiral
forms predominate initially. These become
predominating smooth or weakly ornate planispiral
forms in the middle assemblage. Finally, the
uppermost assemblage is dominated by smooth or
weakly ornate planispiral forms and slightly ornate
planispiral forms and heteromorphs. The change in the
diversity of shell morphology of the ammonite
assemblages from the Hiraiga to Sakiyama Formation
of the Miyako Group reflects an environmental change
from proximal to distal marine environments during
the late Aptian to the early Albian marine trans-

gression.
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