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Silurian cephalopods from the Gionyama Formation in the
Kuraoka area, Miyazaki Prefecture, Southwest Japan

Shuji Niko

Department of Environmental Studies, Faculty of Integrated Arts and Sciences, Hiroshima University,

Higashihiroshima 739-8521, Japan

Abstract: Silurian longiconic cephalopods are described for the first time from the Gionyama
Formation in the Kuraoka area, Miyazaki Prefecture, Southwest Japan. They include four orthocerids
(Michelinoceras (Michelinoceras) alticameratum Kobayashi, 1984, Kopaninoceras kobayashii Niko,
Hamada and Yasui, 1989, Orthocycloceras sp., Arionoceras densiseptum Kobayashi, 1983) and
three pseudorthoceratids (Haloites gionyamaensis sp. nov., Gordonoceras? sp., Subdoloceras
sp.). Except for Subdoloceras sp. that occurs from the Wenlock (upper lower Silurian) G2 and the
Ludlow (lower upper Silurian) G3 members, their occurrences are restricted exclusively to the G3
Member. The new species is differentiated from the type species of Haloites, H. bellus Chen in Chen
et al., 1982, from the Wenlock in Hubei, Central China by its less eccentric siphuncular position. The
Gionyama cephalopod assemblage belongs to the Kopaninoceras Fauna, whose main distributional
area is the northern margin of Gondwana, as with the Yokokurayama and Suberidani assemblages

in the Kurosegawa Belt.

Introduction

The Gionyama Formation in the Kuraoka area, Miyazaki
Prefecture, Southwest Japan comprises an approximately
1400 m succession of Middle Paleozoic sedimentary rocks.
Hamada (1959a) divided it into four members, namely
G1 (sandstone with thin acidic tuff layers), G2 (limestone
conglomerate with sandy to muddy matrixes), G3 (massive
limestone), and G4 (sandstone, acidic tuff, conglomerate).
Among them, the Wenlock (upper lower Silurian) G2 and
Ludlow (lower upper Silurian) G3 members occur well-
preserved fossils, including corals (i.e., Hamada, 1958;
Kido, 2010; Niko and Adachi, 2013) and trilobites (Hamada,
1959b; Kobayashi and Hamada, 1987), that typify Silurian
faunas in the Kurosegawa Belt.

This paper describes Silurian cephalopods from the
Gionyama Formation for the first time. Following three
localities in the Kuraoka area have yielded cephalopods
(Figure 1). Locality 1 states the western foot of Mt.
Gionyama and occurs diverse fossils from limestone
conglomerate of the G2 Member. Locality 4 is a road side
outcrop of sandstone belonging to the G2 Member, from
which Geisonocerina? sp. was listed by Hamada (1961).
This species is neither figured nor described until now,
furthermore | cannot detect an additional material at the
identical locality. Locality 5 is a river bed of the Gokase River
near Kyowa, where many float blocks of limestones derived

from the G3 Member are recognized.
Repository.—All examined specimens herein are housed
in the Tohoku University Museum, Sendai (prefixed IGPS).

Cephalopod assemblage

The present Gionyama assemblage is composed by
eight species of cephalopods, namely Michelinoceras
(Michelinoceras) alticameratum Kobayashi, 1984,
Kopaninoceras kobayashii Niko, Hamada and Yasui,
1989, Orthocycloceras sp., Arionoceras densiseptum
Kobayashi, 1983, Geisonocerina? sp. (see Hamada, 1961;
not confirmed in this study), Haloites gionyamaensis sp.
nov., Gordonoceras? sp., and Subdoloceras sp. The latter
three species are placed within the Order Pseudorthocerida
that was not recorded previously in the Kurosegawa
Belt. Not only Kopaninoceras but also Michelinoceras,
Orthocycloceras, Arionoceras and Subdoloceras are the
typical genera of the Kopaninoceras Fauna (Niko et al.,
2017) of which the main territory was the northern margin
of Gondwana (peri-Gondwanan) including North Africa,
Variscan Europe, southern Afghanistan, western Tibet, and
Malaysia. This assemblage is one of the representatives of
the fauna same as the Yokokurayama (Kobayashi, 1983,
1984, 1988; Kobayashi and Hamada, 1985; Niko et al.,
1989) and Suberidani (Niko, 2021) assemblages in the
Kurosegawa Belt.
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Figure 1. Map showing locations of the Kurosegawa Belt (KB), Miyazaki Prefecture, Gionyama, Yokokurayama and
Suberidani in Southwest Japan (A), and cephalopod localities, 1, 4, 5 in the Kuraoka area (B). Used topographic map is
“Digital Japan Basic Map” published by Geospatial Information Authority of Japan.

Systematic paleontology Figures 2.A, 2.B
Subclass Orthoceratoidea Teichert, 1967 Michelinoceras sp. a, sp. nov., Kobayashi, 1983, p. 293,
Order Orthocerida Kuhn, 1940 fig. 1.
Family Orthoceratidae M’Coy, 1844 Michelinoceras alticameratum Kobayashi, 1984, p. 245,
Subfamily Michelinoceratinae Flower, 1945 pl. 3, fig. 1; 1988, p. 1.
Genus Michelinoceras Foerste, 1932 Michelinoceras (Michelinoceras) alticameratum; Niko,
Type species.—Orthoceras michelini Barrande, 1866. 2021, p. 2, 4, figs. 2.A-2.D, 2.G.
Subgenus Michelinoceras Foerste, 1932, emend. Kiselev
and Gnoli, 1992 Description.—Conchs orthoconic with very gradual
expansion and circular transverse sections; the largest
Michelinoceras (Michelinoceras) alticameratum specimen of imperfect phragmocone (IGPS coll. cat. no.
Kobayashi, 1984 112840) attains 3 mm in approximate diameter; conch

-

Figure 2. A, B. Michelinoceras (Michelinoceras) alticameratum Kobayashi, 1984, thin sections. A, IGPS coll. cat.
no. 112838, longitudinal (slightly oblique) section: B, IGPS coll. cat. no. 112839, transverse section. C—I. Arionoceras
densiseptum Kobayashi, 1983, thin sections. C, IGPS coll. cat. no. 112824, longitudinal (off siphuncle) section, note well-
developed cameral deposits; D, IGPS coll. cat. no. 112827, transverse (slightly oblique) section: E, G-I, IGPS coll. cat. no.
112826: E, partial enlargement of H to show details of apical phragmocone; G, partial enlargement of H to show details of
siphuncle; H, longitudinal (slightly oblique) section; I, partial enlargement of H to show details of septal neck (arrow): F, IGPS
coll. cat. no. 112828, longitudinal section. Scale bar is 3 mmin A-C, E; 6 mmin D, F, H; 25 mmin G; 0.6 mm in |.
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surface probably smooth; apex, adoral phragmocone and
body chamber are missing. Camerae long to relatively long
with form ratios (maximum width/length) of 1.1-1.6 and
deeply concaved septa; sutures are possibly transverse.
Siphuncle relatively large for the genus with ratios of
siphuncular diameter per corresponding conch diameter
attaining 0.15 and subcentral in position; connecting rings
cylindrical; septal necks orthochoanitic and long. Cameral
deposits are not observable.

Material examined.—IGPS coll. cat. nos. 112833, 112836,
112838-112840.

Occurrence.—All specimens examined herein occurred in
limestone boulders at locality 5. Lithologically, these fossil-
bearing limestones obviously belong to the Ludlow (lower
upper Silurian) G3 Member of the Gionyama Formation.

Discussion.—Michelinoceras (Michelinoceras)
alticameratum is a common constituent of the late Silurian
faunas in the Kurosegawa Belt, Southwest Japan. It was
first described by Kobayashi (1984) from the upper Fukada
Formation of the Yokokurayama Group in Kochi Prefecture.
Subsequently, this species discovered from the Suberidani
Group in Tokushima Prefecture (Niko, 2021). There is a
few tentative in the present specific identification of the
Gionyama specimens because they are fragments of the
apical phragmocones.

Genus Kopaninoceras Kiselev, 1969
Type species.—Orthoceras jucundum Barrande, 1870.

Kopaninoceras kobayashii Niko, Hamada and Yasui,
1989
Figures 3.A, 3.B

Kopaninoceras kobayashii Niko, Hamada and Yasui,
1989, p. 61, 63, figs. 2.A, 2.B; Niko, 2021, p. 4, figs. 2.E, 2.F,
2.H.

Description.—Conchs orthoconic with circular transverse
sections; expansion of conch is relatively rapid for the
order, approximately 9°; the largest specimen of imperfect
phragmocone (IGPS coll. cat. no. 113837) attains 5.5 mm
in approximate diameter; conch surface probably smooth;
apex and body chamber are missing. Camerae relatively
long to moderate with form ratios (maximum width/length)

of 1.4-1.9; septa relatively deep; sutures faintly oblique to
possibly transverse. Siphuncle narrow and composed by
cylindrical connecting rings and long orthochoanitic septal
necks; position of siphuncle is subcentral. Cameral deposits
are episeptal-mural and hyposeptal.

Material examined.—IGPS coll. cat. nos. 112823, 112830,
112832, 112834, 112837.

Occurrence.—All examined specimens were collected
from float blocks of limestones derived from the Ludlow G3
Member at locality 5.

Discussion.—Kopaninoceras kobayashii is also a typical
species in the Kurosegawa late Silurian cephalopod
assemblages. It commonly occurs in the Yokokurayama and
Suberidani groups in Southwest Japan (Niko et al., 1989;
Niko, 2021).

Subfamily Leurocycloceratinae Sweet, 1964
Genus Orthocycloceras Barskov, 1972
Type species.—Orthocycloceras alayense Barskov, 1972.

Orthocycloceras sp.
Figures 3.C, 3.D

Description.—Longiconic and annulated orthocones with
circular transverse sections; conch expansion gradual.
Camerae short with form ratios (maximum width/length) of
3.1-5.2; septa shallow. Siphuncle central with cylindrical
connecting rings and short orthochoanitic septal necks.
Cameral deposits episeptal-mural.

Material examined.—IGPS coll. cat. nos. 112819, 112820,
112831, 112835.

Occurrence.—All examined specimens were collected
from float blocks of limestones derived from the Ludlow G3
Member at locality 5.

Discussion.—There is a possibility that the present
Gionyama specimens are conspecific with Orthocycloceras
sp. (Niko, 2021, p. 4, figs. 2.1-2.K) described from the
Suberidani Group. Unfortunately, they are inadequate to
determinate, because their well-oriented section through the
central axis of the siphuncle was not available.

Family Arionoceratidae Dzik, 1984
Genus Arionoceras Barskov, 1966
Type species.—Orthoceras arion Barrande, 1866.

—

Figure 3. A, B. Kopaninoceras kobayashii Niko, Hamada and Yasui, 1989, thin sections. A. IGPS coll. cat. no. 112830,
longitudinal (slightly oblique) section: B. IGPS coll. cat. no. 112837, transverse section. C, D. Orthocycloceras sp., IGPS
coll. cat. no. 112820, thin sections. C, longitudinal (slightly oblique) section: D, partial enlargement of C to show details of
siphuncle. E-G. Gordonoceras? sp., IGPS coll. cat. no. 112822, thin sections. E, F, partial enlargements of G to show details
of siphuncle: G, longitudinal (slightly oblique) section. Scale baris 3mm in A, B, E, F; 6 mmin C, G; 2.5 mm in D.
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Arionoceras densiseptum Kobayashi, 1983
Figures 2.C-2.1

Arionoceras densiseptum Kobayashi, 1983, p. 293, fig. 5;
1984, p. 246, 247, pl. 3, figs. 3—5; The Tokai Fossil Society,
1995, p. 48, upper fig.

Description.—Conchs longiconic orthocones with slightly
elliptical (dorsoventrally depressed?) transverse sections;
expansion angles of conchs are relatively large for the order,
ranging from 5° to 8°; the largest specimen of imperfect
phragmocone (IGPS coll. cat. no. 112826) attains 9 mm in
approximate diameter; conch surface probably smooth; apex
and body chamber are missing. Camerae moderate to short
with form ratios (maximum width/length) of 2.0-3.2; septal
curvature moderate; sutures slightly oblique leaning toward
the dorsum. Siphuncle shifts to the venter and subcentral
in position; siphuncular walls composed by short orthoconic
septal necks and nearly cylindrical connecting rings.
Cameral deposits are episeptal-mural and hyposeptal, but
developments of the latter deposits are partial and restricted
to the ventral side.

Material examined.—IGPS coll. cat. nos. 112824—112829.

Occurrence.—All examined specimens were collected
from float blocks of limestones derived from the Ludlow G3
Member at locality 5.

Discussion.—Characteristics of the examined six
specimens from the Gionyama Formation are quite identical
with those of Arionoceras densiseptum, whose type locality
is the upper Fukada Formation. This discovery represents
the first record of the species except for the Yokokurayama
Group.

Order Pseudorthocerida Barskov, 1963
Family Pseudorthoceratidae Flower and Caster, 1935
? Subfamily Pseudorthoceratinae Flower and Caster,
1935
Genus Haloites Chen in Chen, Liu and Chen, 1981
Type species.—Haloites bellus Chen in Chen, Liu and
Chen, 1981.

Haloites gionyamaensis sp. nov.
Figures 4. A—4.F

Diagnosis.—Longiconic pseudorthoceratid with gently
exogastric cyrtocone in apical and orthocone in adoral parts;
conch expansion gradual; camerae short; siphuncle near
central with position ratio of 0.55; siphuncular segments
subglobose to pyriform; septal necks cyrtochoanitic;
cameral deposits mural and hyposeptal; annulosiphonate
endosiphuncular deposits indicate subtriangular protrusion.

Description.—An only available specimen that designated

herein the holotype is longicone with circular transverse
section and consists of imperfect phragmocone and apical
body chamber; its apical part exhibits gentle exogastric
curvature and adoral one is orthoconic; measurements
of the holotype are 69 mm in preserved length, 15 mm in
maximum observable diameter, and 33 mm in preserved
length of body chamber; conch expansion gradual indicating
approximately 4° at phragmocone; body chamber may
exhibit weak constriction; detailed character of shell surface
unknown because it embedded in matrix, but distinct
ornamentation is not detected in longitudinal and transverse
sections; apex and peristome are missing. Camerae short
indicating 3.0-3.4 in form ratio (maximum width/length);
septa shallow; in observations of longitudinal sections,
sutures seem transverse. Siphuncle nearly central, but
faint shifts to dorsum in position with siphuncular position
ratio (minimum distance from ventral shell surface to
central axis of siphuncle/corresponding conch diameter)
of 0.55; siphuncular wall composed by short cyrtochoanitic
septal necks and strongly inflated connecting rings;
septal neck shapes asymmetrical indicating hook-like in
ventral side with approximately 0.6 mm in brim length
and simple cyrtochoanitic in dorsal side with 0.3—-0.4 mm
in ditto; longitudinal profiles of segments are subglobose
to pyriform with form rations (maximum width/length) of
0.8-1.0; connecting rings undifferentiated in structure, but
slightly thickened attaining 0.08 mm. Cameral deposits well-
developed and differentiated into mural and hyposeptal
types; endosiphuncular deposits annulosiphonate, slightly
thicker in ventral side than in dorsal one, and microgranular
in structure; longitudinal section of well-preserved
endosiphuncular deposits indicates subtriangular protrusion
on adoral surface of septum.

Material examined.—Holotype, IGPS coll. cat. no. 112818.

Occurrence.—The holotype occurred in flat block of
limestone deriving from the G3 Member of the Gionyama
Formation. The fossil-bearing block was collected from the
riverbed at locality 5.

Etymology.—The specific name is derived from the type
stratum.

Discussion.—The present species from the Gionyama
Formation is tentatively assigned to an insufficiently
diagnosed genus Haloites, because its gross conch shape
and siphuncular structure are similar to those of the generic
type, H. bellus Chen (in Chen et al., 1982, p. 44, 45, pl. 10,
figs. 14, 15), described from the Wenlock Xiushan Formation
in Hubei, Central China, and as far as | know there is no
comparable Silurian genus with it. These two species can
be distinguished by their siphuncular position rations, i.e.,
0.55 in the Gionyama species versus 0.57-0.63 in H. bellus.
These numeral values indicate less eccentric siphuncular
position in the former than the latter. Therefore, the author
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Figure 4. Haloites gionyamaensis sp. nov., holotype, IGPS coll. cat. no. 112818, thin sections. A, longitudinal section,
venter on left. B, transverse section of body chamber (arrow). C, D, partial enlargements of A to show details of siphuncle.
E, partial enlargements to show details of ventral septal neck. F, partial enlargements to show details of dorsal septal neck.
Scale baris 12mminA; 6 mmin B, C; 3mmin D; 0.6 mminE, F.
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advocates a new species as H. gionyamaensis even though
some unclear points concerning the generic placement still
remain.

The exogastric curvature of the apical shell and
the subglobular siphuncular segments of Haloites
gionyamaensis are also recognized in the Devonian to
Carboniferous pseudactinoceratine pseudorthocerids, such

as Pseudactinoceras Schindewolf, 1943, Campyloceras
M’Coy, 1844, and Macroloxoceras Flower, 1957. However,
these siphuncles are distinctly ventral from the central axis
of the conch. There is a possibility that Haloites and genera
of the subfamily Pseudactinoceratinae Schindewolf, 1943,
are phylogenetically related.

Figure 5. Subdoloceras sp., thin sections. A, D, E, IGPS coll. cat. no. 112817: A, longitudinal (slightly oblique) section;
D, longitudinal (slightly oblique) section, showing details siphuncle, arrow indicates septal neck; E, partial enlargement
of A to show details of septal neck. B, C, F, IGPS coll. cat. no. 112821: B, longitudinal (slightly oblique) section; C, partial
enlargement of B to show details of siphuncle; F, partial enlargement of B to show details of septal neck. Scale bar is 6 mm

inA,B;3mminC,D; 0.6 mminE, F.
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Subfamily Spyroceratinae Shimizu and Obata, 1935
Genus Gordonoceras Teichert and Glenister, 1953
Type species.—Gordonoceras bondi Teichert and
Glenister, 1953.

Gordonoceras? sp.
Figures 3.E-3.G

Description.—A single fragment of longiconic cyrtocone
is available for this study; it consists of adoral phragmocone
with the last septum and apical body chamber; conch
diameter attains at least 16.5 mm. Camerae very short;
septal curvature deep. Siphuncle situates near midway
between conch axis and margin; septal neck achoanitic
in the last septum and cyrtochoanitic to suborthochoanitic
in the second one from the last; connecting rings more or
less inflated. No endosiphuncular and cameral deposits
preserved.

Material examined.—IGPS coll. cat. no. 112822.

Occurrence.—This specimen was collected in flat block of
limestone deriving from the Ludlow G3 Member at locality 5.

Discussion.—In its general conch shape and siphuncular
position, the fragment is suggestive of Gordonoceras, whose
type species was described from the Silurian of Tasmania
(Teichert and Glenister, 1953), but is not complete to enough
for a confident identification.

Genus Subdoloceras Kroger, 2008
Type species.—Subdoloceras tafilaltense Kroger, 2008.

Subdoloceras sp.
Figures 5.A-5.F

Description.—Two fragmentary phragmocones are
available in this study; they are longiconic orthocones with
moderate expansion for the order and circular transverse
sections; the larger specimen (IGPS coll. cat. no. 112821)
attains 12 mm in conch diameter. Camerae short, having
maximum width per length ratios of 3.1-4.8; septa deeply
concaved and form oblique sutures. Siphuncle subcentral in
position; septal necks suborthochoanitic, short; connecting
rings mostly cylindrical with abrupt constrictions at septal
foramina. No endosiphuncular and cameral deposits
preserved.

Material examined.—IGPS coll. cat. nos. 112817, 112821.

Occurrence.—A specimen (IGPS coll. cat. no. 112817)
was collected from limestone pebble in limestone
conglomerate belonging to the Wenlock (late early Silurian)
G2 Member at locality 1. Another specimen (IGPS coll. cat.
no. 112821) occurs in flat block of limestone deriving from
the Ludlow G3 Member at locality 5.

Discussion.—The Gionyama specimens display

similarities to Subdoloceras that was previously known
from the Pragian to upper Emsian (Lower Devonian) of
Morocco (Krdger, 2008), especially in their cameral length
and siphuncular structure. However, the fragmentary nature
of the present species prevents identification in the specific
level.
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Abstract: A geisonoceratid orthocerid, Geisonocerina? sp., and two pseudorthoceratid
pseudorthocerids, Spyroceras? sp. and Dolorthoceras sp., are described from the Famennian
(latest Devonian) shale of the Tobigamori Formation from an abandoned quarry (“Nendoyama”) in
the Higashiyama area, lwate Prefecture, Northeast Japan. They represent the first record of Late

Devonian longiconic nautiloids in East Asia.

Introduction

Our knowledge concerning Devonian longiconic nautiloids
in East Asia is very limited. Furthermore, previously
described occurrences are exclusively from the Lower
and Middle Devonian, including the Lochkovian parts of
the Kamianama and Fukuji formations, Central Japan
(Niko, 1991, 1993, 1996, 2017; Kamiya and Niko, 1997),
the Emsian Daliancun and Liujing formations, Guangxi,
South China (Lai and Zhang, 1988), the Eifelian rocks of
Inner Mongolia, North China (Liang, 1981), the probably
Eifelian part of the Nakazato Formation (Niko, 1989), and
the Givetian Qizigiao Formation, Hunan, South China (Lai
and Zhang, 1988). The present Late Devonian specimens
from the Tobigamori Formation in Northeast Japan are
therefore noteworthy even though their preservation is not
always satisfactory. The purpose of this paper is to describe
three species, Geisonocerina? sp., Spyroceras? sp. and
Dolorthoceras sp., based on the Tobigamori material for
further taxonomic, biostratigraphic, and biogeographic
studies.

Abbreviations.—The following two abbreviations are used
to indicate the repositories of nautiloid specimens. IGPS:
Tohoku University Museum, Sendai, Miyagi Prefecture.
MSK: Museum of Stones and Kenji Museum (Ishi to Kenji no
Museum), Ichinoseki, lwate Prefecture.

Geologic setting and occurrence

The Tobigamori Formation is a thick sedimentary unit
(800—1800 m) composed of black shales with intercalations
of tuff, sandstone and conglomerate (Noda, 1934;
Tachibana, 1952; Onuki, 1956). It unconformably overlies
ultramafic rocks probably associated with the Motai

metamorphic rocks (Sasaki et al., 1997). The relationship
between the formation and the overlying Karaumedate
Formation is inferred to be conformably (Okami et al., 1973;
Osawa et al., 1981; Kawamura and Kawamura, 1989).
Since the first discovery of the Late Devonian brachiopod
Spirifer verneuili by Yabe and Nada (1933), the diverse
fauna and flora ranging in age from the Famennian to the
Tournaisian (latest Devonian to earliest Carboniferous)
have been recorded from the Tobigamori Formation as
stated below. The main Famennian part is characterized by
abundant occurrences of the index brachiopods Cyrtospirifer
and Sinospirifer (Hayasaka and Minato, 1954; Noda and
Tachibana, 1959; Minato and Kato, 1979) and the vascular
terrestrial plants Leptophloeum and Cyclostigma (Tachibana,
1950, 1966). The exact age determinations of the upper to
uppermost parts ware done by Ehiro and Takaizumi (1992).
They confirm that the Devonian-Carboniferous boundary
situates within the Tobigamori Formation by findings
of the Famennian ammonoids, Costaclymenia sp. and
Platyclymenia (Platyclymenia) sp., from the 25-35 m below
of the top of the Tobigamori Formation and the Tournaisian
ammonoid Protocanites sp. from a float block derived from
the 5—10 m below of ditto.

The examined specimens of longiconic nautiloids come
from shale exposures of an abandoned quarry, which is called
“Nendoyama”, at Minamiiwairi, Nagasaka in the Higashiyama
area, Ichinoseki City, Iwate Prefecture (see fig. 1 in Ehiro and
Takaizumi, 1992, for its geographic position). Among them, a
specimen of Geisonocerina? sp. (IGPS coll. cat. no. 112841)
was collected from talus deposits, whose original horizon is
situated approximately 35 m below the top of the formation.
Although the exact stratigraphic origin of the other specimens
MSK19921211, 19950501, 20230801-1, 2 (Geisonocerina?
sp.), MSK19950501 (Spyroceras? sp.) and MSK19950501
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(Dolorthoceras sp.) are unknown, the lithologic characters of
their matrixes indicate that they derive from the upper part
indicating Famennian age.

Systematic paleontology

Subclass Orthoceratoidea Teichert, 1967
Order Orthocerida Kuhn, 1940
Family Geisonoceratidae Zhuravleva, 1959
Genus Geisonocerina Foerste, 1935
Type species.—Orthoceras wauwatosense Whitfield, 1882.

Geisonocerina? sp.
Figures 1.A-1.C, 1.H

Description.—Three fragmentary specimens were
examined; they are longiconic orthocones with very gradual
expansion and circular transverse sections; the largest
specimen is a phragmocone (IGPS coll. cat. no. 112841),
which measures 81 mm in length and approximately 9 mm in
reconstructed diameter; conch surface ornamented by fine
transverse lirae. Camerae relatively long with approximately
1.7 in form ratio (maximum reconstructed width per length).
Sutures directly transverse. No siphuncular structure
preserved.

Material examined.— MSK20230801-1, 2. IGPS coll. cat.
no. 112841.

Discussion.—Accurate generic identification of the
specimens is difficult because of their poor preservation, but
they are tentatively included in the geisonoceratid genus,
Geisonocerina, on the basis of the possessions of the very
gradually expanding conchs, the fine surface lirae, and the
relatively long camerae.

Order Pseudorthocerida Barskov, 1963
Family Pseudorthoceratidae Flower and Caster, 1935
Subfamily Spyroceratinae Shimizu and Obata, 1935
Genus Spyroceras Hyatt, 1884
Type species.—Orthoceras crotalum Hall, 1861.

Spyroceras? sp.
Figures 1.D, 1.E

Description.—A single fragment of deformed body chamber
was examined; it is an annulated orthocone with gradual
expansion and 69 mm in length; on the premise that this
body chamber is conical, the reconstructed conch diameter
is approximately 25 mm near the adoral end; peristome
not preserved; annulations oblique at the present (by post
mortem deformation) with rounded crests; no distinct surface
ornamentation detected both on and between annulations.

Material examined.— MSK19950501.

Discussion.—This poorly preserved specimen is tentatively
placed in the pseudorthoceratid genus, Spyroceras,
because it is comparable in external morphology with the
body chamber of S. melolineatum Niko, 1996, described
from the Lower Devonian Takaharagawa Member, the Fukuji
Formation in Gifu Prefecture. Similar annulations also occur
in Cycloceras M’'Coy, 1844, but its type species, Orthoceras
laevigatum M’Coy, 1844, has the much slenderer conch and
occurs exclusively in the Carboniferous.

Genus Dolorthoceras Miller, 1931
Type species.—Dolorthoceras circulare Miller, 1931.

Dolorthoceras sp.
Figures 1.F, 1.G, 1.1

Description.—A single specimen of imperfect phragmocone
was examined; it is a longiconic orthocone with moderate
expansion and 75 mm in length; assuming that the conch
shape is conical, the reconstructed diameter is approximately
11 mm near adoral end; conch surface smooth lacking
distinct ornamentation. Camerae short indicating 3.2-3.7 in
form ratio (maximum reconstructed width per length). Septa
relatively shallow. Sutures oblique because of post mortem
deformation. Siphuncle nearly central in position and
consists of suborthochoanitic(?) septal necks and weakly
inflated connecting rings.

Material examined.— MSK19921211.

Discussion.—Although the specimen is poorly preserved,
its gross conch shape, short camerae and connecting ring
shape warrant the generic assignment to Dolorthoceras.
This species may resemble some Late Devonian species,
such as D. elegans Flower, 1939, D. palmerae (Flower and
Caster, 1935) and D. solitarium Flower, 1939, but it is not

«—

Figure 1. A-C, H. Geisonocerina? sp. A, B, SKM20230801-1: A, side view of conch; B, partial enlargement of A to
show details of surface ornamentation: C, IGPS coll. cat. no. 112841, side view of phragmocone, silicone rubber cast: H,
SKM20230801-2, side view of phragmocone, internal mold. D, E. Spyroceras? sp., body chamber, SKM19950501. D, side
view, silicone rubber cast; E, side view, internal mold. F, G, I. Dolorthoceras sp., phragmocone, SKM19921211. F, side view,
silicone rubber cast; G, side view, internal mold; I, partial enlargement of G to show siphuncular structure, arrow indicates
connecting ring. Scale bar is 10 mm in A; 6 mm in B, H; 15 mm in C, G; 20 mm in D-F; 4.3 mmiin I.



14 Shuji Niko and Masayuki Ehiro

complete enough for confident comparisons.
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Abstract: Two species of longiconic cephalopods, Pseudotemperoceras? sp. and Trematoceras
osawaense sp. nov., are described from laminated mudstones of the Lower Triassic Osawa
Formation at Asadanuki, Tome City, Miyagi Prefecture, Northeast Japan. The new species is
differentiated from other species assigned to Trematoceras by the morphological combination
of its very gradually expanding conchs with a 4°-5° apical angle, moderate to relatively long
cameral lengths, nearly central siphuncular position, and well-developed cameral deposits.
Biostratigraphically, T. osawaense provides a regional index suggesting the latest Olenekian in the

South Kitakami Belt.

Introduction

Following Bando and Ehiro (1982) and Ehiro (2022b),
the present study is the third fascicle of our publication
series concerning the latest Olenekian (late Early Triassic)
cephalopods from the uppermost part of the Osawa
Formation, lower Inai Group, in the South Kitakami
Belt, Northeast Japan. We describe two longiconic
orthoceratoid species, namely Pseudotemperoceras? sp.
and Trematoceras osawaense sp. nov., based on material
collected from black laminated mudstones at the upper
reaches of Nameshi-zawa Valley in Asadanuki, Tome City,
Miyagi Prefecture. Their detailed geologic, stratigraphic,
and geographic settings are given in the proceeding papers
(Bando and Ehiro, 1982; Ehiro, 2022b).

Repository.—All specimens examined for this paper are
reposited in the Toholu University Museum, Sendai (prefixed
IGPS).

Systematic paleontology

Subclass Orthoceratoidea Teichert, 1967
Order Orthocerida Kuhn, 1940
Family Geisonoceratidae Zhuravleva, 1959
Genus Pseudotemperoceras Schastliviceva, 1986
Type species.—Pseudotemperoceras pulchrum Schastlivtceva,
1986.

Pseudotemperoceras? sp.
Figures 1.A, 1.B

Description.—Two incomplete and flattened phragmocones
were examined; they are longiconic orthocones with
moderate expansion; the largest specimen (IGPS coll. cat.
no. 112845) attains 45 mm in length and approximately 12
mm in reconstructed diameter assuming it has a circular
cross section; conch surface lacks distinct ornamentation.
Camerae short exhibiting approximately 3.6 in reconstructed
width/length ratio; septal curvature relatively deep. Sutures
directly transverse. Siphuncle cannot observable.

Material examined.—IGPS coll. cat. nos. 112843, 112845.

Discussion.—Among the previously known Triassic genera
of longiconic nautiloids, the preserved characters of the
present species such as its moderately expanding conch and
short camerae, correspond to those of Pseudotemperoceras,
whose type species was described from the Olenekian of
Verkhoyansk, northeastern Siberia (Schastlivtceva, 1986).
We keep the genus assignment open for the Osawa species
as it is questionable because of the poor preservation until
better material becomes available.

Order Pseudorthocerida Barskov, 1963
Superfamily Pseudorthoceratoidea Flower and Caster, 1935
Family Trematoceratidae Zakharov, 1996
Genus Trematoceras Eichwald, 1851

Type species.—Orthocera [sic] elegans Minster, 1841.
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Trematoceras osawaense sp. nov.
Figures 1.C-1.J

Diagnosis.—Species of Trematoceras with very small apical
angle between 4° to 5°, circular conch cross sections, and
fine transverse lirae as surface ornamentation; camerae long
to very long with approximately 1-2 in form ratio (maximum
width per length); siphuncular position nearly central; ratio of
siphuncular diameter per corresponding conch diameter at
septal foramen attains 0.2; septal necks suborthochoanitic
and very short; cameral deposits well developed.

Description.—The type series consists of two incomplete
and more or less deformed phragmocones; an apical shell,
33 mm in length, is designated as the holotype (IGPS coll.
cat. no. 112844; Figures 1.E-J), that exhibits a slightly
cyrtoconic appearance and misalignment of camerae
probably by post mortem deformation; conch cross sections
of an apical part of the holotype are circular; the paratype
is another deformed longiconic orthocone; it is a more
adoral part than the holotype with 46 mm in length and
approximately 4 mm in reconstructed conch diameter near
the adoral end; the angle of conch expansion is very small,
approximately 4° in the holotype; reconstructed angle of
ditto in the paratype is approximately 5°; conch surface
ornamented by fine transverse lirae; apex not preserved.
Sutures directly transverse; septal curvature shallow;
camerae long to very long for the superfamily; approximate
numbers of camerae per corresponding conch diameter
are 1-1.5 in the holotype and 1.5-2 in the paratype (i.e.
form ratios (maximum width per length) approximately
1-2). Siphuncle nearly central in position; septal necks
suborthochoanitic and very short having 0.25 mm in the
holotype; widths of septal foramina are large for the genus,
0.31-0.46 mm in the holotype, and ratio of their diameter
per corresponding conch diameter attains 0.2; connecting
rings are not preserved. Cameral deposits well developed,
differentiated into episeptal-mural and hyposeptal types,
and partly indicate mamillary growth; no endosiphuncular
deposits detected.

Material examined.—Holotype, IGPS coll. cat. no. 112844.
Paratype, IGPS coll.cat. no. 112842.

Etymology.—The specific name is derived from the Osawa
Formation.

Discussion.—Trematoceras osawaense sp. nov. most
closely resembles T. clarum Schastlivtceva (1986, p.
79, 80, pl. 1, figs. 2, 3; 1988, p. 65, 66, pl. 2, figs. 8a,
b, v) from the Olenekian of Verkhoyansk, northeastern
Siberia, especially their apical angles, cameral lengths and
siphuncular positions are nearly identical. The principal
differences between them are as follows: cameral deposits
are well developed in T. osawaense, whereas they are not
observable in T. clarum, and slightly larger diameter of the
siphuncle in T. osawaense than that of T. clarum, whose ratio
of siphuncular diameter per corresponding conch diameter
is 0.15. Trematoceras mangyshlakense Schastlivtceva
(1981, p. 79, 80, pl. 1, figs. 3, 4a, b, v; T. mangishlakense
[sic], 1988, p. 66, pl. 2, figs. 6a, b, 7a, b), described from the
Olenekian of Mangystau, Kazakhstan, is also similar to T.
osawaense, but this species indicates slightly larger angles
of conch expansion, (6°-7°), than those of the new species
and a subcentral position of the siphuncle.

The new species is well different from the previously
known two Trematoceras species from the South Kitakami
Belt (T. hikichii Niko, Ehiro and Takaizumi, 2016, p. 1-3, figs.
1.1-1.7 and T. watanabei Niko and Ehiro, 2020, p. 2, 3, 5,
figs. 2.A—-2.M; see the following chapter for their geologic
settings) by its much finer transverse lirae than those of T.
hikichii and slightly larger apical angles (4°-5° versus 3° in
T. watanabei) at the corresponding ontogenetic stages. In
addition, the fused endosiphuncular deposits developed in T.
watanabei are not recognized in T. osawaense.

Biostratigraphic significance

Except for the present Trematoceras osawaense sp.
nov., two species of the genus have been described from
the Inai Group in the South Kitakami Belt as mentioned
above. Trematoceras hikichii and T. osawaense occur in the
middle and uppermost parts of the Osawa Formation. The
diverse ammonoid fauna comprises the taxa Hemilecanites
discus, Tardicolumbites aff. tardicolumbus, Yvesgalleticeras
sp., Hellenites elegans, Epiceltites sp. (described
originally as Columbites parisianus), Nordophiceratoides
bartolinae, etc. These taxa indicate that the former
horizon belongs the upper Olenekian (Ehiro et al., 2016).
By contrast, ammonoids associated with the present

—

Figure 1. A, B. Pseudotemperoceras? sp. A, side view of phragmocone, silicone rubber cast, IGPS coll. cat. no. 112843: B,
side view of phragmocone, IGPS coll. cat. no. 112845, internal mold. C-J. Trematoceras osawaense sp. nov. C, D, paratype,
IGPS coll. cat. no. 112842, adoral phragmocone: C, lateral view; D, partial enlargement of C to show details of surface
ornamentation and sutures: E—J, holotype, IGPS coll. cat. no. 112844, apical phragmocone: E, magnified detail of H to show
septal character; F, lateral view, silicone rubber cast; G, magnified detail of | to show siphuncular position and details of
cameral deposits; H, lateral view, internal mold; I, longitudinal thin section; J, magnified detail of | to show septal neck shape.
Scale baris 12mminA,C,F, H; 15mminB; 6 mmin D, E, I; 3mm in G; 0.6 mm in J.
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new species in the latter horizon are Pseudosageceras
multilobatum, Procarnites kokeni, Japonites cf. meridianus
and Eodanubites aff. xinyuanensis, indicating the latest
Olenekian Eodanubites Zone (Ehiro, 2022b). Trematoceras
watanabei occurs in the early Anisian (early middle Triassic)
mudstone at the middle part of the Fukkoshi Formation
together with abundant and diverse ammonoids, such as
Japonites cf. meridianus, Danubites floriani, Paradanubites
kansa, Procladiscites brancoi, Leiophyllites pitamaha, L.
suessi, and Ussuriphyllites amurensis (Ehiro, 2022a). Their
stratigraphic and chronologic distributions are given in
Figure 2. These three endemic orthoceratoid species can be
considered as regional index fossils around the Olenekian/
Anisian boundary in the South Kitakami Belt.

Figure 2. Simplified columnar section of the Lower-Middle
Triassic Inai Group in the South Kitakami Belt, Northeast
Japan, showing the stratigraphic horizons of three
Trematoceras species.
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Abstract: A new thylacocephalan species of the microcarid genus Parisicaris, Parisicaris naoyai, is
described from the upper Olenekian (Lower Triassic) Osawa Formation in the South Kitakami Belt,
Northeast Japan. It belongs to family Microcarididae and is associated with the thylacocephalan
fauna, comprising the genera Ankitokazocaris, Concavicaris, Kitakamicaris, Miyagicaris and
Paraostenia. The generic classification of family Microcarididae and the species composition of

genus Parisicaris are also discussed.

Introduction

Thylacocephala is a class commonly considered to
belong to subphylum Crustacea (e.g. Lange et al., 2001).
Although it has a long stratigraphic record ranging from the
Silurian (or Cambrian) to the Cretaceous and has a wide
geographic distribution, only approximately 30 genera have
been described at present (Schram, 2014; Ehiro et al., 2015,
2019). Before the mid-2010s, Triassic thylacocephalans
had been reported mainly from various localities in southern
Europe of Austria, Italy, Spain and Slovenia, whereas the
occurrences of other regions are rare only from Madagascar
and South China. In particular, the Early Triassic records are
limited to Madagascar (Ehiro et al., 2015). However, over
the past decade, information of Triassic thylacocephalans
has increased markedly, and new occurrences from the
Lower Triassic have been reported from Northeast Japan
(Ehiro et al., 2015, 2019), Western Australia (Haig et
al., 2015), southern China (Ji et al., 2017, 2021), Idaho,
USA (Brayard et al., 2017, Charbonnier et al., 2019 and
Laville et al., 2021), as well as Middle Triassic strata from
southern China (Feldmann et al., 2015) and northern Italy
(Teruzzi and Muscio, 2018). These informations suggest
that thylacocephalans were already diversified and widely
distributed in low- to mid-latitude areas worldwide during the
Early Triassic (Ehiro et al., 2019).

Family Microcarididae is a major component of the
Triassic thylacocephalan fauna; this family was present
throughout the Triassic, and broadly distributed worldwide.
In this study, we describe a new species of the microcarid
genus Parisicaris, Parisicaris naoyai, from the Lower

Triassic (upper Olenekian) Osawa Formation distributed in
the South Kitakami Belt of Northeast Japan, and discuss the
generic classification of family Microcarididae and species
composition of genus Parisicaris.

Geological setting and materials

Among the Japanese Islands, thylacocephalans have been
reported only from the Lower Triassic Osawa Formation,
distributed in the Minami-sanriku area (Miyagi Prefecture) of
the South Kitakami Belt. The Osawa Formation is 250-350
m thick, and mainly composed of laminated mudstone. The
late Olenekian ammonoids are abundant from the lower to
upper parts (e.g. Bando and Shimoyama, 1974; Ehiro et al.,
2016; Shigeta, 2022) and uppermost part of the formation
(Ehiro, 2022). Thylacocephalans have been collected
from three localities (Motoyoshi, Tatezaki A and Tatezaki
B; Figure 1) in the lower to middle parts of the formation
(Ehiro et al., 2015, 2019). However, most samples have
been obtained from the Tatezaki B locality, with very few
derived from other two localities. The fossil horizon of the
Tatezaki B locality is considered to represent middle part
of the Osawa Formation, and six species belonging to five
genera have been described from an interval 2 to 4 m above
the base of the sequence in this locality (Ehiro et al., 2019):
Ankitokazocaris bandoi Ehiro and Kato (Ehiro et al., 2015),
Ankitokazocaris tatensis Ehiro et al., 2019, Concavicaris
parva Ehiro et al., 2019, Kitakamicaris utatsuensis Ehiro
and Kato (Ehiro et al., 2015), Miyagicaris costata Ehiro et
al., 2019 and Ostenocaris sp. In this fauna, K. utatsuensis is
dominant, comprising more than 90% of the collection. The
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stratigraphy and fossil assemblages of the Osawa Formation
have been described in detail in the previous researches
(Ehiro et al., 2015, 2016 and 2019).

Figure 1. Index map showing the fossil locality (Tatezaki
B locality) in the Utatsu area of the southern part of the
Southern Kitakami Massif (South Kitakami Belt), Northeast
Japan. NDB: Nedamo Belt; NKB: North Kitakami Belt; SKB:
South Kitakami Belt.

Recently Laville et al. (2021) suggested that there is
confusion between genus Ostenocaris Arduini et al., 1984
(originally described as Ostenia by Arduini et al., 1980)
and Paraostenia Secrétan, 1985, stemming from the report
of Arduini et al. (1980), in which some specimens with
quite different morphology from Ostenocaris and more
likely belonging to Paraostenia, were classified as Ostenia
cypriformis. Therefore, Laville et al. (2021) suggested that
some taxa attributed to Ostenocaris, including Ostenocaris
sp. from the Osawa Formation, should be ascribed to
Paraostenia. We agree that Ostenocaris sp. from the Osawa
Formation belong to the genus Paraostenia. Laville et al.
(2021) also raised questions concerning the taxonomy
of some genera and species from the Osawa Formation,
including C. parva, K. utatsuensis and M. costata. However,
we do not agree with this latter proposal, as discussed later
in this study.

The present specimens of Thylacocephala, described
as P. naoyai sp. nov., were collected from the Tatezaki
B locality in association with the thylacocepalan species,
mentioned above. Therefore, the Osawa thylacocephalan
fauna comprises seven species belonging to six genera: A.
bandoi, A. tatensis, C. parva, K. utatsuensis, M. costata, P.

naoyai and Paraostenia sp.

Figure 2. Morphological terminology and dimensions
for the carapace in lateral view. Aav, angle (degree) of
anteroventral process; am, anterior margin; dm, dorsal
midline; H, Ha, Hp, maximum, anterior and posterior
carapace height (mm), respectively; L, carapace length
(mm); pm, posterior margin; vm, ventral margin.

The morphological terminology, dimensions and their
abbreviations follow Ehiro et al. (2015; Figure 2), but using
the term “dorsal midline” instead of “dorsal margin” following
the observation and advocacy of Laville et al. (2021) that the
thylacocephalan carapace (“shield” in Laville et al., 2021) is
univalve, and not bivalve. Arduini (1988) reported that the
carapace of Thylacocephala is univalve, as there is no hinge
between the both sides of the carapace of “Atropicaris” in
dorsal view (butterfly position), as also described by Laville
et al. (2021). We agree with them because we also have
some thylacocephalan specimens in butterfly position or
equivalent to it, the dorsal midlines of them are only carinate
without hinge lines (Figure 3); therefore, we used the terms
“left side” and “right side” (of the carapace) rather than “left
valve” and “right valve” (Ehiro et al., 2015, 2019).

Systematic description

The specimens described in this study are held in the
Institute of Geology and Paleontology, Tohoku University,
Sendai (IGPS; Tohoku University Museum) and the Utatsu
Ichthyosaur Museum (UIM; Educational Committee of
Minamisanriku Town, Miyagi Prefecture).

Class Thylacocephala Pinna, Arduini, Pesarini and Teruzzi,
1982
Family Microcarididae Schram, 2014

Included genera.— Ferrecaris Calzada and Mafé, 1993,
Kitakamicaris Ehiro and Kato (Ehiro et al., 2015), Microcaris
Pinna, 1974, Miyagicaris Ehiro et al., 2019 and Parisicaris
Charbonnier (Charbonnier et al., 2019).

Discussion.— Schram (2014) proposed the new family
Microcarididae, as part of a working set of hypotheses
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Figure 3. Dorsal views (in butterfly position) of
thylacocephalan specimens from the Tatezaki B locality
showing univalve nature of carapaces.

1, Ankitokazocaris cf. bandoi Ehiro and Kato in Ehiro et
al., 2015, IGPS coll. cat. no. 112846; 1a, dorsal view; 1b,
enlarged view of the dorsal midline of 1a; 2, Kitakamicaris
utatsuensis Ehiro and Kato in Ehiro et al., 2015, IGPS coll.
cat. no. 111456; 2a, dorsal view; 2b, enlarged view of the
dorsal midline of 2a. dm, dorsal midline.

on the taxonomic subdivision of Thylacocephala, which
included the Triassic genera Atropicaris Arduini and Brasca,
1984, Ferrecaris and Microcaris, and the Cretaceous
genus Thylacocephalus Lange et al., 2001. The diagnostic
characters listed by Schram (2014) are as follows: small
to modest in size; thin pointed rostrum, anteriorly directed;
carapace surface with rugations or terraces.

Hegna et al. (2014) compared the Cretaceous genus
Polzia Hegna et al., 2014 with Microcaris. However, with the
proposal of the new microcarid genus Kitakamicaris from the
Triassic of Northeast Japan, Ehiro et al. (2015) claimed that

the genera Thylacocephalus and Polzia should be excluded
from this family, because they have a distinct posterior
spine, which can be compared to those of Cretaceous
genera belonging to family Protozoeidae Schrum, 2014
(e.g. Protozoea Dames, 1886 and Pseuderichthus Dames,
1886). Charbonnier et al. (2017) added the Cretaceous
genus Keelicaris Charbonnier et al., 2017 and Jurassic
genus Rugocaris Tintori et al., 1986, together with
Thylacocephalus, to family Microcarididae on the grounds
that they have remarkable ribs on the carapace, which
are similar to other genera of Microcarididae. However, as
noted by Ji et al. (2021), there remains some confusion
about the classification of Keelicaris and Thylacocephalus.
Later, Charbonnier et al. (2019) proposed a new microcarid
genus, Parisicaris, from the Lower Triassic of ldaho, and
excluded Keelicaris, Rugocaris and Thylacocephalus from
the Microcarididae. Ehiro et al. (2019) added the new genus
Miyagicaris, associated with Kitakamicaris, from the Lower
Triassic of Northeast Japan.

Tintori et al. (1986) suggested that Atropicaris rostrata
Arduini and Brasca, 1984 could be considered a junior
synonym of Microcaris minuta Pinna, 1974, as these
species have the same carapace outline and carapace
ornamentation, differing only in size. Arduini (1988) rejected
this view based mainly on the observations that Microcaris
bears a well-developed, strong and pointed rostrum,
whereas Atropicaris has a thin rostrum that ends in a spoon-
like expansion; that the carapace of Microcaris is covered
by fine, irregularly developed, straight transverse ribs,
whereas Atropicaris shows strong, developed sigmoidal ribs;
and that Microcaris and Atropicaris differ in the variability
of their forms, with Microcaris specimens showing wide
variability within a very small number of individuals, whereas
Atropicaris is characterized by the near-homogeneity of
its form. Tintori et al. (1986) reported that differences in
ornamentation between Atropicaris and Microcaris depend
exclusively on specimen size, but large specimens of
Microcaris comparable to those of Atropicaris retained the
same characteristics as smaller individuals. Recently, Ji et
al. (2021) suggested that morphological differences between
Microcaris and Atropicaris specified by Arduini (1988)
resulted from preservation and intraspecific variability, and
concluded that genus Atropicaris is a junior synonym of
genus Microcaris, while accepting the specific validity of “A.”
rostrata (as Microcaris rostrata [Arduini and Brasca]).

Microcaris minuta specimens described by Pinna (1974,
1976), Arduini (1988), and Dalla Vecchia and Muscio (1990)
showed broad “intraspecific” variability in the carapace
outline. Dalla Vecchia and Muscio (1990) divided these
into forms designated A-D. Form A resembles a paratype
described by Pinna (1974, p. 31, fig. 16), and has a
broadly rounded anteroventral margin without a remarkable
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anteroventral process. Form B is characterized by a largely
obtuse anteroventral process and mountain-shaped convex
venter. Form C is similar to form B in the carapace outline,
but has somewhat sigmoidal ribs, similar to “Atropicaris.” The
carapace outline of form D is similar to that of the holotype
of Microcaris minuta, and has large, obtuse anteroventral
process and nearly flat to broadly convex venter (Figure 4).
There are some common elements in morphology among
the specimens belonging to Microcaris and “Atropicaris.”
The carapace height/length (H/L) ratio of all forms of
Microcaris and “Atropicaris” are within the range of 0.4-0.5,
regardless of size (Figure 5A). The anteroventral process
angles (Aav in Laville et al., 2021) are all large and
obtuse, ranging from 100° to 140°, and become larger with
increasing carapace size (Figure 5B). Therefore, it is difficult
to discriminate M. minuta forms B and C and “A.” rostrata.
Furthermore, some specimens reported by Dalla Vecchia
(1993) as Microcaris minuta have a thin rostrum ending in a
spoon-like expansion and somewhat sigmoidal ribs, both of
which are characteristics shared by “Atropicaris.” Although
some problems remain to be resolved and it is difficult to
judge whether these morphological differences among the

Microcaris minuta specimens are the result of intraspecific
variability, we tentatively follow Ji et al. (2021) and treat
“Atropicaris” rostrata as a species of genus Microcaris.

Genus Microcaris (including Atropicaris) is clearly
different from other genera of Microcarididae in having
the following characters (Figures 4 and 6): the base of the
rostrum is connected to the anterior margin of the carapace
by subangular (not circular) corners; the angle of the
anteroventral process (Aav) is large and obtuse (100°-140°);
and the posterior margin is concave, with sharply pointed
dorso- and ventroposterior processes. The holotype of
M. minuta with a broadly convex venter seems to have
a narrowly rounded dorso- and ventroposterior process.
However, its posterior part is somewhat poorly preserved,
and a specimen reported by Arduini (1988, pl. 16, fig.
2) with nearly the same carapace outline has a pointed
dorsoposterior process (ventroposterior process is not well
preserved).

The monotypic genus Ferrecaris, the type species of which
is Ferrecaris magransi Calzada and Mafié, 1993, described
from the Ladinian bed in Spain is distinguished from other
genera of Microcarididae by its acute posterior margin.

Figure 4. Sketched reconstructions of the carapaces of some species of Microcarididae.

Those of Microcaris and “Atropicaris” species were prepared from the figures of Arduini and Brasca (1984) and Arduini
(1988); The posterior margin of Microcaris minuta form D was estimated from pl. 16, fig. 1 of Arduini (1988); those of
Parisicaris rectilineatus and Parisicaris triassica are from Ji et al. (2021) and Laville et al. (2021), respectively. Scale bar is

for all figures.
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Figure 5. Plots of the (A) carapace height/length ratio (H/
L-L) and (B) anteroventral process angle (Aav) to carapace
length (L) for Microcaris and “Atropicaris” species.

However, specimens of F. magransi are poorly preserved
and the outline of the posterior part is unclear (Calzada
and Mané, 1993, fig. 1). With the exception of the posterior
end, the carapace outline and carapace ornamentation of
F. magransi are very close to those of M. rostrata (Arduini
and Brasca) and some specimens described as M. minuta
by Dalla Vecchia (1993). Therefore, there remain questions
about the validity of genus Ferrecaris.

Laville et al. (2021) claimed that the genera Kitakamicaris
Ehiro and Kato (Ehiro et al., 2015) and Parisicaris
Charbonnier (Charbonnier et al., 2019) are junior synonyms
of Ankitokazocaris Arduini, 1990, and that M. costata Ehiro
et al.,, 2019 may be a synonym of K. utatsuensis Ehiro and
Kato (Ehiro et al., 2015). Laville et al. (2021) stated that
Kitakamicaris and Parisicaris have a morphology diagnostic
of Ankitokazocaris, and that the vertical ridges (ribs) that
characterize these genera (Kitakamicaris and Parisicaris)
may vary according to the sex, ontogeny or molting cycle
of the organism, and can also be affected by the type of
preservation.

However, there are obvious differences in carapace
morphology between Ankitokazocaris and Kitakamicaris-
Parisicaris. As noted in the emended diagnosis of genus
Ankitokazocaris (Laville et al., 2021, p. 78), Ankitokazocaris
has “a ventral margin subdivided into a sub-horizontal
anterior part and a posterior part steeply descending
anteroventrally,” whereas Kitakamicaris and Parisicaris (and
other genera belonging to family Microcarididae) have a
mount-like convex ventral margin, the anterior part of which
is not sub-horizontal.

The bases for the second argument, outlined above,
which deny the validity of surface ornamentation as a
criterion of thylacocephalan classification, are hypothetical
and lack reliable evidence. Laville et al. (2021, p. 80) stated
only that “the outer layer of the shield is formed of sinuous,
small and thin vertical ridges (Fig. 7TE-G)” in the description
of the shield ornamentation of Ankitokazocaris acutirostris
Arduini, 1990. However, it is difficult to find any vertical
ridges or ribs in these figures. Moreover, they described that
“no transversal ridges were found in A. acutirostris” (p. 88).
Likewise, they also stated that “with the reinterpretation of
Parisicaris as Ankitokazocaris, we show that specimens of
Ankitokazocaris can be preserved as a smooth shield, with
only few ridges or with a fully ornamented shield” (p. 79).
No specific evidence for these claims is provided, and their
figure 10A-D for “Ankitokazocaris” triassica (p. 88) may be
the only case. This specimen is a very poorly preserved
Parisicaris, and there are no true Ankitokazocaris specimens
with vertical ribs (including poorly developed), nor Parisicaris
specimens originally having a smooth carapace.

For genus Kitakamicaris, we have more than 200
specimens of K. utatsuensis, including fragmental
specimens, ranging in size (carapace length) from ca. 19
to 38 mm, which are considered to represent rather wide
ontogenetic stages. The ratio of H/L ranges from 0.45 to
0.55, which show only a slight decreasing tendency with
increasing size (Figure 6A). The Aav concentrated around
90°, mostly in the range of 87°-93°, and is also independent
of size (Figure 6B). Kitakamicaris utatsuensis specimens
ranging in size from smallest (L = ca. 19 mm) to largest (L
= ca. 38 mm) are shown in Figure 7. There are almost no
differences in carapace outline and rib pattern, except for
a slight decreasing trend in the ratio of H/L with increasing
size. In addition, the number of vertical ribs of K. utatsuensis
specimens is constant throughout the ontogenetic
stages (Figure 6C), although the rib measurements
are rough estimates due to irregular rib bifurcation and
poor preservation. All fragmental specimens also show
remarkable ribbing; there are no smooth or poorly ribbed
specimens.

Therefore, the hypothesis of Laville et al. (2021) that
genera Kitakamicaris and Parisicaris are junior synonyms
of Ankitokazocaris is unacceptable, and we consider both
Kitakamicaris and Parisicaris to be valid genera.

Miyagicaris costata Ehiro et al., 2019 has an acute (ca.
70°) Aav clearly different from that of Kitakamicaris. It is
also characterized by strong, dendritically branched ribs
in the anterior third of the carapace. Laville et al. (2021)
suggested that the dendritic branching of ribs is ostensible,
caused by deformation and fracturing. It is true that the
holotype specimen of M. costata suffered some fracturing in
its upper (dorsal) part and near posterior end; however, as
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Figure 6. Plots of the (A) carapace height/length ratio (H/L-L) and (B) anteroventral process angle (Aav) to carapace
length (L) for some genera and species of the Microcarididae, and (C) the primary rib number to L for Kitakamicaris.

H, L and Aav data for Microcaris (including “Atropicaris”) were estimated from figures of Arduini and Brasca (1984)
and Arduini (1988). Those of Parisicaris triassica were obtained from Laville et al. (2021). H and L data for Parisicaris
rectilineatus were obtained from Ji et al. (2021) and Aav data were estimated from figures of Ji et al. (2021). Data for
Kitakamicaris utatsuensis and Parisicaris naoyai are provided in Appendices A and B, respectively.
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Figure 7. Kitakamicaris utatsuensis specimens of various sizes, sampled from an outcrop in the middle part of the
Osawa Formation at the Tatezaki B locality, Utatsu, Minamisanriku Town.

1, IGPS coll. cat. no. 112783 (largest specimen); 2, UIM 30604; 3, IGPS coll. cat. no. 112786; 4, IGPS coll. cat. no.
111448 (holotype); 5, IGPS coll. cat. no. 112796; 6, IGPS coll. cat. no. 111453; 7, IGPS coll. cat. no. 111481 (smallest
specimen). dm, dorsal midline; Is, left side; rs, right side. IGPS, Institute of Geology and Paleontology, Sendai; UIM, Utatsu

Ichthyosaur Museum. Scale bar is for all figures.

shown in photographs and line drawings (Ehiro et al., 2019,
fig. 10A—10D), the dendritic branching in the anteroventral
region was clearly not affected by fracturing. This inference
is supported by the smooth continuity of the lower part of the
anterior margin and anterior half of the ventral margin.

Genus Parisicaris Charbonnier in Charbonnier, Brayard and

the Paris Biota Team, 2019
Type species.— Parisicaris triassica Charbonnier
(Charbonnier et al., 2019)

Parisicaris Charbonnier (Charbonnier et al., 2019)
Microcaris (Parisicaris) Charbonnier (Charbonnier et al.,
2019). Ji et al., 2021
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Ankitokazocaris Arduini, 1990, Laville, Smith, Forel,
Brayard and Charbonnier, 2021

Included species.— Parisicaris naoyai sp. nov., P.
rectilineatus (Ji et al., 2021), P. triassica Charbonnier
(Charbonnier et al., 2019).

Emended diagnosis.— The trapezoidal carapace has a
relatively large, rounded optic notch, limited by a short thick
rostrum, broadly fused with the carapace, and narrowly
rounded, remarkable anteroventral process. In side view,
the dorsal midline is broadly convex and the ventral margin
is convex and mountain shape. The short, nearly straight
posterior part is slightly inclined backward to the vertical
axis, with narrowly rounded dorso- and ventroposterior
processes. The carapace surface is ornamented by oblique,
widely spaced ribs.

Discussion.— Charbonnier et al. (2019) proposed a new
genus Parisicaris belonging to family Microcarididae, with P.
triassica as the type species. A distinctive ventral notch at
the anterior part of the ventral margin, which was deemed
to be a diagnostic feature of the new genus, was later
interpreted as an artifact of preparation (Laville et al., 2021).
Ji et al. (2021) also pointed out that this feature was related
to preservation. We agree with these opinions, although
specimens of Parisicaris have other morphological features
that allow its taxonomic identification. Laville et al. (2021)
concluded that the genus Parisicaris is a junior synonym of
Ankitokazocaris Arduini, 1990, because these two genera
have the same morphological characteristics. As discussed
above, this inference is based on hypotheses unsupported
by specific evidence and erroneous identification, and is
unacceptable.

Ji et al. (2021) considered Parisicaris to be a subgenus
of Microcaris Pinna, 1974, and described a new species
of Microcaris, Microcaris rectilineatus Ji et al., 2021, which
resembles P. triassica in carapace outline and carapace
ornamentation, from the late Olenekian of South China. They
stated that the carapace outline and surface ornamentation
of P. triassica and “M.” rectilineatus are similar to those
of genus Microcaris. However, as described above, the
carapace outline, particularly the angular shape of the optic
notch and pointed dorso- and ventroposterior processes,
and surface ornamentation characterized by dense, nearly
vertical sigmoidal ribs of genus Microcaris are strikingly
different from those of P. triassica and “M.” rectilineatus
(Figure 4). We consider genus Parisicaris to be valid and
that “M.” rectilineatus should belong to genus Parisicaris
based on their similarities in carapace outline and surface
ornamentation.

Parisicaris naoyai sp. nov.
Figure 8.1-8.6

Material examined.— Eight specimens, IGPS coll. cat.
nos. 1112810 (holotype) and 112811-112816, and UIM
30625.

Etymology.—The specific epithet is dedicated to Naoya
Takahashi, who collected and donated specimens of present
new species, including the holotype.

Diagnosis.— The small carapace is trapezoidal, with a
thick rostrum widely fused with the carapace. The height of
the carapace is approximately half of its length. The concave
anterior margin is connected at an obtuse angle to the
convex, mountain-shaped ventral margin. Widely spaced,
slightly convex ribs incline forward, and develop over the
entire carapace surface. Some ribs penetrate into the
rostrum region, bending parallel to its extension direction.

Description.— Only the carapaces are preserved. The
carapace is trapezoidal in lateral view, with a small but
distinct, thick rostrum that is widely fused to it. The dorsal
midline is broadly convex. The broad anterior margin (optic
notch) is concave and composed of semicircular upper half
and nearly straight lower half. The ventral margin is convex
forming a mountain-shaped, nearly symmetrical, downward
bend. The anteroventral process is narrowly rounded,
forming an obtuse angle. The narrow posterior margin is
nearly straight and inclined slightly backward, with narrowly
rounded ventroposterior and dorsoposterior processes.

The maximum height is at a position close to the center of
the venter where it bends. The carapace size ranges from
ca. 24 to 31 mm in length and 12 to 16 mm in height, and
the H/L ratio ranges from 0.47 to 0.52 (usually 0.51-0.52).
The Aav ranges from 100° to 114°.

The entire carapace surface is covered by widely spaced
fine ribs, many of which are single and run nearly in parallel
from near the dorsal midline to the ventral margin; however,
some ribs bifurcate, and some short ribs are intercalated
between the primary ribs, mainly in the ventral region. A few
ribs bifurcate at two or three points. Near the lower anterior
margin, the ribs are diagonal to the nearly vertical anterior
margin and run from the anterior margin to the venter. The
ribs are slightly convex, and inclined forward at an angle
of 40°-50° to the horizontal axis of the carapace in the
main part and nearly 70° near the anterior and posterior
margins. Near the base of the rostrum, three to five or more
ribs bend parallel to the extending direction of the rostrum
and penetrate into the rostrum region (Figures 8.1d, 8.2c,
8.3c and 8.5b). Although it is difficult to accurately calculate
the number of primary ribs, because of their occasional
branching and poor state of preservation, it is assumed to
be 30-35, including short ribs near the anteroventral corner
crossing the anterior margin.

Discussion.— The newly described species, P. naoyai
resembles other species of the genus, i.e. P. triassica and
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Figure 8. Parisicaris naoyai sp. nov., from the Osawa Formation in the South Kitakami Belt, Northeast Japan. All
specimens were collected from the middle part of the formation at the Tatezaki B locality.

1, IGPS coll. cat. no. 112810 (holotype); 1a, left side view; 1b, interpretive drawing of 1a; 1c, counter part of 1a
(fragmental); 1d, enlarged view of the rostrum of 1c; 2, IGPS coll. cat. no. 112814; 2a, right side view; 2b, interpretive
drawing of 2a; 2c, enlarged view of the rostrum of 2a; 3, IGPS coll. cat. no. 112811; 3a, right side view; 3b, interpretive
drawing of 3a; 3c, enlarged view of the rostrum of 3a; 4, UIM30625, left side view 5, IGPS coll. cat. no. 112813; 5a, outer
mold of right side; 5b, enlarged view of the rostrum of 5a; 6, IGPS coll. cat. no. 112815, dorsal view. Scale bars 1 cm,
unless otherwise indicated.
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P. rectilineatus, in having widely spaced, oblique ribs on the
carapace. However, it is clearly distinguished from the latter
two in having large Aav (100°-114°), upwardly curved ribs
and ribs penetrating into the rostrum region.

Occurrence.— From an outcrop of the middle part of the
Osawa Formation (upper Olenekian) to the north of Cape
Tatezaki (Tatezaki locality of Ehiro et al., 2015; Tatezaki B
locality of Ehiro et al., 2019), Utatsu, Minamisanriku Town,
Miyagi Prefecture, Northeast Japan.
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Appendix B. Measurements of Parisicaris naoyai sp.
nov. collected from the Olenekian Osawa Formation at the
Tatezaki B locality in the Utatsu area, South Kitakami Belt,
Northeast Japan. Rib numbers are rough estimates.
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Reexamination of the jar coffin excavated from the
Sannotoge site in Aomori Prefecture
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Abstract: This paper summarizes the results of reorganizing excavated materials and survey
records from the Sannotoge site (formerly Kugurizaka site) in Aomori City, Aomori Prefecture.
Several earthenware coffin tombs were discovered at the site in 1933, and Professor Sadakichi
Kita of Tohoku Imperial University conducted an excavation survey. As a result, it was revealed
that there was one or two earthenware coffins inside each stone chamber made of stone slabs
belonging to the late Jomon period, and that it also contained human bones. The stone chambers
were arranged in rows, revealing a unique burial method. Some of the materials from the excavation
were brought back to Tohoku University, but no detailed report was made after that. In this paper,
we will report on the details of these materials for the first time 90 years since their excavation, and
attempt to reevaluate the Sannotoge site from a modern perspective. Specific results include: (1)
we were able to present various materials that Prof. Kita brought back. (2) The earthenware coffin
was missing some of the fragments after the discovery, and it was in a more complete form when
it was discovered. (3) The shallow bowl is most likely the pottery A shown in the sketch (Figure 1).
(4) Earthenware coffins are constructed using the integrated layout method, and the construction
procedure can be restored. (5) The earthenware coffin was painted red, but the lower half of the
outer surface and the inner surface below the rim were not painted. (6) The minimum number of
human individuals contained in the earthenware coffin was three in total, one child and two adults,
and there were no gnaw marks at all, indicating that the remains were in an environment where
they were less likely to be attacked by animals at the time of skeletalization. (7) Some of the human
bones have been found to have a red coloration, suggesting that they were coated with red pigment
during reburial. (8) Most of the stone bars are made from unprocessed natural stone.
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High-resolution 3-D measurement of stone chanber of
Yunokuma Tumulus in Fukuoka Prefecture using

SfM method
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Atsushi Fujisawa*, Harumasa Kano*, Yoshinori Tajiri** and Masanao Shimura***

*The Tohoku University Museum, **Department of Environmental Changes, Faculty of Social and Cultural Studies, Kyusyu

University, **SHIN ENGINEERING CONSULTANT CO. LTD.

Abstract: Yunokuma Tumulus is a round burial mound with a diameter of approximately 20 meters,
located in Asakura City, Fukuoka Prefecture, and has a corridor-style stone chamber. Some of the
walls of the stone chamber are painted with circles and other patterns in colors. The chamber is
made of unworked natural stone piled together, so the surface of the walls is rough and uneven.
It is estimated to have been built in the second half of the 6th century, based on the typological
characteristics of the stone chamber. In order to obtain high-resolution 3-D measurements of
the stone chamber of the Yunokuma Tumulus using the Structure from Motion (SfM) method, we
developed a method of photography and illumination. By analyzing 2,187 photographs taken, we
were able to create a point cloud data set of about 1 billion points.
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X#RC T ZBWZEREFDREBEORI - BXFHHZR
Techno-typological study of clay stupas from the Tagajo
abandoned temple site using X-ray CT

BR & * - EEAA BRI - B BRE
P RIERFARFRXFAER 7 RICKFE SR

Yi Lian*, Harumasa Kano** and Yoshitaka Kanomata*

*Department of Archaeology ,Graduate School of Arts and Letters, Tohoku University, **The Tohoku University Museum

Abstract: The Tagajo fort site is located about 10km northeast of Sendai City, Miyagi Prefecture.
It served as the central political and military facility of the ancient Tohoku region and the Mutsu
Kokufu in the Nara and Heian periods. It is presumed that the Tagajo fort and its affiliated temple
named “Tagajo Haiji” were built almost at the same time in the Nara period. A total of 2,683 clay
stupas ware excavated around the lecture hall feature, including 124 complete ones.

In this paper, we presented 29 clay stupas and 2 carbonized paper balls inside the clay stupas from
the Tagajo Haiji, all stored in the Archaeological Laboratory of Tohoku University. We used X-ray
CT (Computed Tomography) to scan and observe the detailed condition inside the clay stupas, and
classified the clay stupas into eight types based on the comprehensive analysis of their overall
features, manufacture, clay, color, and shape.

The clay stupas of the Tagajo Haiji are presumed to have been placed aside the clay statues in the
lecture hall after they were completed, almost the same as the way Buddhist statues or clay statues
was treated in the Heian period. In addition, we found they were more likely colored and painted
with pigments as making clay statues,rather than fired like pottery. Furthermore, as the paper balls
inside the clay stupas were burned or heated in a state lacking enough oxygen, the incomplete
combustion makes it possible to unfold these partially carbonized paper balls and further analyze
their original contents.
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