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Virgilian (Late Pennsylvanian) coiled nautiloids from the
Finis Shale Member of the Graham Formation in Texas,
southern Midcontinent North America
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***GeoZentrum Nordbayern-Paldoumwelt, Friedrich-Alexander-Universitdt Erlangen-Niirnberg (FAU), LoewenichstraBe 28,
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Abstract: Nine species of Virgilian (Late Pennsylvanian) coiled nautiloids are described from the
Finis Shale Member of the Graham Formation in north-central Texas, southern Midcontinent of North
America. They include Tainoceras monilifer Miller, Dunbar and Condra, Metacoceras quadratum sp.
nov., Endolobus sturgeoni sp. nov., Domatoceras tuckeri sp. nov., Titanoceras sp., Solenochilus
Jjackense sp. nov., Liroceras liratum (Girty), Peripetoceras bridgeportense Tucker and Mapes, and
Ephippioceras ferratum (Cox). The habitat of the nautiloid assemblage was the low latitudes in the
Marginal Sea of the Panthalassic Ocean. Strong biotic linkage between the Marginal Sea and the
southern Late Pennsylvanian Midcontinent Sea is confirmed.

Introduction

The Finis Shale Member, introduced by Plummer and
Moore (1922), is an early Virgilian (Late Pennsylvanian =
latest Carboniferous) unit in the Graham Formation, Cisco
Group. It varies between 15-60 m in thickness and consists
mainly of shale characterized by the abundant presence
of ironstone concretions; it also contains sandstone and
limestone in its basal part (Plummer and Hornberger,
1936). This member outcrops in north-central Texas near
the Oklahoma border and west of Dallas on the southern
Midcontinent of North America (McGowen et al., 1972;
Barnes et al., 1987). A diverse marine fauna, including
foraminifers, sponges, cnidarians and mollusks, is recorded
from the member, and exceptionally well-preserved
cephalopod specimens provide material for taxonomic (Miller
et al., 1933; Plummer and Scott, 1937; Miller and Downs,
1950; Furnish et al., 1962; Hansman, 1965; Mapes, 1979;
McKinzie and McLeod, 2003; Doguzhaeva et al., 1999,
2006; Niko and Mapes, 2010, 2011; Mutvei et al., 2012;
Mutvei and Mapes, 2018), biostratigraphic (Boardman et
al., 1994), and bionomic (Mapes, 1987; Mapes et al., 1995;
Mapes and Chaffin, 2003; Wani et al., 2012) studies. Adding
to these, the present paper analyzes coiled nautiloids as the
third fascicle in our recent studies describing non-ammonoid
cephalopods of the member and discusses their faunal

significance.

Fossil material used in this serial project was recovered
from dark gray (to brownish-yellowish in weathered parts)
shales near Jacksboro, north-central Texas at 16 localities.
These comprise exposures (Figure 1) at pond dams (TXV-
34, 84), on hill sides (TXV-36, 78), at barren glades with
grooves, gullies to ravines (TXV-40, 54, 55, 56, 61, 120),
at road sites (TXV-60, 62), on the east slope of Lost Creek
(TXV-63), at the Old Lake Jacksboro Dam and spillway
(TXV-69), near an abandoned oil well pad excavation
(TXV-92), and at the excavation that serves as emergency
spillway for Lost Creek Lake (Lake Jacksboro; TXV-200).

Repository.—The specimens examined in the present
paper are reposited in the paleontological collections of
the American Museum of Natural History in New York City
(prefixed AMNH) and the Tohoku University Museum in
Sendai (prefixed IGPS).

Systematic Paleontology

Subclass Nautiloidea Agassiz, 1847
Order Nautilida Agassiz, 1847
Superfamily Tainoceratoidea Hyatt, 1883
Family Tainoceratidae Hyatt, 1883
Genus Tainoceras Hyatt, 1883
Type species.—Nautilus quadrangulus McChesney, 1859.
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Figure 1. Map showing the geographic positions of

non-ammonoid cephalopod localities in the Finis Shale
Member near Jacksboro, north-central Texas.

Tainoceras monilifer Miller, Dunbar and Condra, 1933
Figure 2

Tainoceras monilifer Miller, Dunbar and Condra, 1933, p.
148-151, pl. 10, figs. 1-5, text-fig. 23; Unklesbay, 1962, p.
31-33, pl. 2, fig. 10; Tucker, 1976, p. 59, pl. 1, fig. 7, text-
figs. 1a, b.

[not] Tainoceras monilifer; Miller and Unklesbay, 1942a,
p. 142, 143, pl. 4, figs. 1-3 [figs. 1, 2 = T. sexlineatum
Tucker, 1976; fig. 3 = T. sp. nov.]; 1947, p. 322, 323.

Tainoceras sp., Mapes and Chaffin, 2003, figs. 4A, 4D, 4F;
McKinzie and McLeod, 2003, p. 88, fig. 4-32 top.

Description.—Conchs moderate in size, having 140
mm in reconstructed diameter, discoidal and evolute with
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gradual whorl expansion; umbilicus perforated; except for
embryonic to juvenile shell indicating subcircular whorl
sections, more adoral shells have dorsoventrally depressed
and subquadrate whorl sections with width/height ratios of
1.3-2.1; profiles of adoral whorls consist of weakly inflated
venter with a median groove, straight flanks, straight
umbilical zone obtusely converging to dorsum and shallowly
rounded impressed area; apex corn-shaped. Shell surface
ornamented by oblique lirae in embryonic to juvenile shell,
then these lirae become subdued and nodes are added
on venter and at ventrolateral and umbilical angles; ventral
nodes closely spaced, laterally elongated, forming two rows
due to separation by a median groove; nodes at ventrolateral
angles are strongly protruded. Septa shallow forming
sutures with sub-triangular to broadly rounded ventral lobes,
weak ventrolateral saddles, and relatively deep lateral lobes;
siphuncle central to faintly subcentral in position.

Material examined.—AMNH 5998-6014, 6016-6080,
6474-6483.

Occurrence.—The holotype of Tainoceras monilifer was
collected from the Finis Shale Member near Jacksboro,
Texas (Miller et al., 1933). Specimens of this species are
also known from the Upper Pennsylvanian of the latan
Limestone in Nebraska (Miller et al., 1933), the Lawrence
Shale, the Kereford and Burlingame Limestones in Kansas,
and the Vamoosa Formation in Oklahoma (Unklesbay,
1962).

Localities of each examined specimen in this study are
as follows; TXV-34 (AMNH 5998-6010, 6474-6483), TXV-
55 (AMNH 6011), TXV-56 (AMNH 6012-6014, 6016—-6022),
TXV-120 (AMNH 6023-6025), TXV-200 (AMNH 6026-6080).

Discussion.—Miller and Unklesbay (1942a) assigned
three specimens, Carnegie Museum cat. nos. 149, 10.434,
and 22.299, from the Upper Pennsylvanian Conemaugh
Formation of Pennsylvania to Tainoceras monilifer. Tucker
(1976) reexamined them and concluded that 1) the former
one is undoubtedly assignable to T. monilifer and 2) the
latter two need to be separated from the species and
designated as the types of a new species, T. sexlineatum
Tucker, 1976. Although his second opinion is reasonable,
we cannot agree with his first decision because the ventral
nodes of specimen no. 149 vanish in the adoral shell; this
diagnosis is not known from any previously named species
of Tainoceras. Thus, this specimen (Carnegie Museum cat.
no. 149) probably represents a new species. In addition,
Tucker (1976) synonymized T. murrayi Miller and Unklesbay,
1942b, with T. monilifer. This taxonomic treatment is also
unacceptable. Tainoceras murrayi is well differentiated from
T. monilifer by the absence of nodes at umbilical angles.
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Figure 2. Tainoceras monilifer Miller, Dunbar and Condra, 1933. A, G. AMNH 6023: A, lateral view; G, partial
enlargement of A to show embryonic to early juvenile shell morphologies. B, C. AMNH 6038: B, lateral view; C, ventral-
apertural view. D, E. AMNH 6068, shell wall mostly exfoliated: D, lateral view; E, ventral view. F, . AMNH 6007: F, ventral
view; |, septal view, venter up. H. AMNH 6060, septal view, venter up. J. AMNH 6077, ventral view. Scale bar is 30 mm in A-F,
J;6mmin G; 20 mminH, I.
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Genus Metacoceras Hyatt, 1883
Type species.—Nautilus (Discus) sangamonensis Meek
and Worthen, 1860.

Metacoceras quadratum sp. nov.
Figure 3

Metacoceras sp., Mapes and Chaffin, 2003, fig. 4E;
McKinzie and McLeod, 2003, p. 88, fig. 4-31.

Diagnosis.—Small species of Metacoceras with
whorl sections of depressed subtrapezoidal in adoral
phragmocones and depressed subquadrate shape in body
chamber; width/height ratios of whorls usually 1.4-1.9;
concavities of impressed area shallow to very shallow;
nodes strongly protruded, possess weak bulla-like extension.

Description.—Conchs small, discoidal and evolute
with gradual whorl expansion; umbilicus perforated; the
holotype (largest specimen) represents an imperfect body
chamber with the last septum and is 40 mm in length,
24 mm in maximum whorl width and 16 mm in maximum
whorl height; reconstructed conch diameter from the
holotype is approximately 60 mm; apex and peristome
are not preserved; whorl sections in juvenile shells facing
umbilical perforation are subcircular with a very shallow
median groove at venter, then their profiles shift towards
depressed subtrapezoidal shape with weakly inflated venter,
rounded ventrolateral shoulders, nearly straight flanks that
acutely converse to dorsum, nearly straight umbilical zones
that obtusely converse to dorsum, and shallowly rounded
impressed area; furthermore, shapes of whorl sections in
body chamber shift to depressed subquadrate, where venter
becomes nearly flat, flanks weakly inflated, and concavity
of impressed area becomes very shallow; umbilical angles
rounded; median ventral groove disappears in adoral
phragmocone and body chamber; width/height ratios of
whorls are 1.4-1.9 in adoral phragmocone and 1.4-1.5
in body chamber. Juvenile shell surface ornamented by
distinct lirae that form V-shaped sinueses at venter, carinae
at ventrolateral shoulders and rounded sinueses at dorsum;
in more adoral shells, lirae become accentuated growth
lines and strongly protruded and spine-like nodes develope
on the position of ventrolateral shoulders; nodes possess
weak bulla-like extension on their dorsal side; peristome
shape can be reconstructed by growth lines as lingulate
ventral (hyponomic) and shallow lateral (ocular) sinuses.
Septa very shallow; sutures composed by broadly rounded
ventral lobes, rounded ventrolateral saddles, shallow lateral
lobes, and subtriangular dorsal lobes; siphuncle situates
near halfway between conch center and ventral margin in
juvenile, and subcentral position in more adoral shells; ratios
of distance between ventral shell surface and central axis of

siphuncle per whorl height at dorsoventral plane are 0.31—
0.44.

Material examined.—Holotype, AMNH 6159. Paratypes,
AMNH 6102, 6108-6111, 6118, 6130, 6134, 6147-6149,
6472. In addition, 61 specimens (AMNH 6091-6101,
6103-6107, 6112, 6115-6117, 6119-6129, 6131-6133,
61356146, 6150-6158, 6160—6163, 6473) are assigned to
Metacoceras quadratum sp. nov.

Occurrence.—TXV-34 (AMNH 6092-6099), TXV-56
(AMNH 6091, 6100-6112, 6473), TXV-120 (AMNH 6115),
TXV-200 (AMNH 61166163, 6472). All previous records of
the new species as Metacoceras sp. by Mapes and Chaffin
(2003) and McKinzie and McLeod (2003) are from the Finis
Shale Member in Texas.

Etymology.—The specific name is derived from the Latin,
quadratus (= quadrangular), referring to its whorl section
shapes in the body chamber.

Discussion.—In its gross conch form of the adoral shells
and ornament, Metacoceras quadratum sp. nov. is most
similar to M. cornutum Girty (1911, p. 145, 146; 1915,
p. 240-242, pl. 29, figs. 4, 4a, 4b, 5, 5a, 5b), which was
described from the Desmoinesian (Middle Pennsylvanian) of
Oklahoma. However, the impressed area of this new species
is shallower than that of M. cornutum and the subtrapezoidal
profiles developed in the phragmocones are not recognized
in M. cornutum. A Virgilian species, Metacoceras copei
Tucker (1976, p. 61, 62, pl. 1, fig. 6, pl. 3, figs. 1, 2, pl. 4.
fig. 3) from the Mattoon Formation of lllinois, also resembles
M. quadratum, but it possesses a median ventral groove
in the adoral shells and the knob-like distal ends of nodes
exclude it from M. quadratum. Metacoceras clinocostatum
Sturgeon, Windle, Mapes and Hoare (1982, p. 1455, 1457,
1458, pl. 1, figs. 4, 8; 1997, p. 34, 35, pl. 1-8, figs. 4-9),
from the Desmoinesian Allegheny Group and the Missourian
(Late Pennsylvanian) part of the Conemaugh Group of Ohio,
differs from M. quadratum by having strongly elongated
nodes attaining the umbilical angles.

Family Koninckioceratidae Hyatt in Zittle, 1900
Genus Endolobus Meek and Worthen, 1865
Type species.—Nautilus spectabilis Meek and Worthen,
1860.

Endolobus sturgeoni sp. nov.
Figure 4

Diagnosis.—Species of Endolobus with 1.4-2.0 in
width/height ratios of adoral whorls; flanks narrowly
rounded; impressed area deeply concaved; nodes low and
dorsoventrally elongated.

Description.—Conchs thick discoidal, evolute; whorl
expansion rapid in phragmocone, but it becomes gradual in
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Figure 3. Metacoceras quadratum sp. nov. A, B, E-G. paratype, AMNH 6118: A, lateral view of juvenile shell; B, septal view
of juvenile shell, venter up; E, ventral view; F, lateral view; G, septal view, venter up. C, D. paratype, AMNH 6472, juvenile shell: C,
ventral view; D, lateral view. H. paratype, AMNH 6130, septal view, venter up. I. paratype, AMNH 6134, dorsal view. J. paratype,
AMNH 6102, lateral view. K. paratype, AMNH 6147, septal view, venter up. L, M, P, Q. holotype, AMNH 6159: L, lateral view; M,
cross sectional view, venter up; P, ventral view; Q, dorsal view. N. paratype, AMNH 6110, ventral view, showing details of surface
ornamentation. O. paratype, AMNH 6111, lateral view. Scale bar is 6 mm in A-D; 12 mm in E-H, J, N; 15 mm in |, K-M, O-Q.
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Figure 4. Endolobus sturgeoni sp. nov. A-C. paratype, AMNH 6081, shell wall mostly exfoliated: A, lateral view; B,
cross sectional view, venter up; C, partial enlargement of A to show details of juvenile shell. D. paratype, AMNH 6082, septal
view, venter up. E, F, L. paratype, AMNH 6085: E, lateral view; F, dorsal view; L, ventral view. G. paratype, AMNH 6087, shell
wall mostly exfoliated, lateral view. H, J, M, N. holotype, AMNH 6086: H, lateral view; J, cross sectional view, venter up; M,
ventral view; N, dorsal view. I, K. paratype, AMNH 6084, shell wall mostly exfoliated: I, lateral view; K, cross sectional view,
venter up. Scale bar is 15 mmin A, B; 6 mm in C; 20 mm in D-N.



Pennsylvanian coiled nautiloids from Texas 7

body chamber; umbilicus perforated; the holotype represents
an imperfect body chamber with the last septum and is 47
mm in length, 34 mm in maximum whorl width, and 18 mm
in maximum whorl height; the largest specimen (paratype,
AMNH 6089) has 41 mm in whorl width and 21 mm
(imperfect) in whorl height; reconstructed conch diameter of
the holotype is approximately 60 mm; apex not preserved;
whorl sections are circular in juvenile shells facing umbilical
perforation, then they shift towards depressed subelliptical
shapes, whose profiles consist of broadly rounded venter
to ventrolateral shoulders, narrowly rounded flanks (=
umbilical angles), weakly inflated umbilical zones and
rounded impressed area; width/height ratios of whorls are
1.4-1.6 in adoral phragmocone, these ratios increase to 2.0
in body chamber. Shell surface marked by dorsoventrally
elongated low nodes on flanks; except for nodes, surface
ornamentation absent; no peristome is preserved, but
presence of deep lingulate ventral (hyponomic) and very
shallow lateral (ocular) sinuses can be reconstructed by
growth line shapes. Septal curvature moderate; sutures
roughly straight, but some sutures have shallow lateral
lobes, directly transverse in juvenile shell and strongly incline
towards venter in adoral shell; siphuncle supracentral with
weak to moderate dorsum wards shifting; ratios of distance
between ventral shell surface and central axis of siphuncle
per whorl height at dorsoventral plane are 0.54—0.72.

Material examined.—Holotype, AMNH 6086. Paratypes,
AMNH 6081-6085, 6087-6089.

Occurrence.—TXV-34 (AMNH 6081-6086), TXV-200
(AMNH 6087-6089).

Etymology.—The specific name is in honor of the late
Myron T. Sturgeon in recognition of his contributions to
paleontological studies of Pennsylvanian nautiloids and
conodonts.

Discussion.—Endolobus schucherti Miller (1932, p.
64-66, pl. 12, figs. 12, 13) from the Upper Pennsylvanian
sandstone of New Mexico has similar node shapes as E.
sturgeoni sp. nov., but it differs in its shallower impressed
area. In addition, a median longitudinal ridge on the venter
of E. schucherti is not developed in the new species.

Superfamily Trigonoceratoidea Hyatt, 1884
Family Grypoceratidae Hyatt in Zittle, 1900
Genus Domatoceras Hyatt, 1891
Type species.—Domatoceras umbilicatum Hyatt, 1891.

Domatoceras tuckeri sp. nov.
Figure 5

Domatoceras sp., Mapes and Chaffin, 2003, figs. 4C, 4G, 4l;
McKinzie and McLeod, 2003, p. 88, fig. 4-29.

Diagnosis.—Species of Domatoceras having whorl
sections of compressed subtrapezoidal with concave venter
in adoral phragmocone and compressed subrectangular in
body chamber; width/height ratios of whorls 0.8-1.1; weakly
waved carinae developed at ventral angles.

Description.—Conchs moderate in size, lenticular and
evolute with relatively rapid whorl expansion; umbilicus
perforated; the holotype of fragmentary phragmocone
consisting of three volutions is 67 mm in maximum length,
37 mm in maximum whorl width, and 41 mm in maximum
whorl height; the largest specimen (paratype, AMNH 6227)
of imperfect body chamber attains 42 mm in whorl width
(reconstructed from half width), 51 mm in whorl height and
approximately 160 mm in reconstructed conch diameter;
apex and peristome are not preserved; whorl sections are
subcircular in juvenile shell facing umbilical perforation,
subtrapezoidal to compressed subtrapezoidal in more adoral
phragmocone, and compressed subrectangular in body
chamber; profiles of whorl sections in adoral phragmocones
consist of shallowly concave venter as ventral groove, nearly
straight ventrolateral shoulders that acutely converge to
venter, straight flanks that very acutely converge to venter,
straight umbilical zones that obtusely converge to dorsum,
and quadrate impressed area; in body chamber, venter
becomes flat, shoulders and flanks integrate; umbilical
angles bluntly pointed; width/height ratios of whorls are 0.9—
1.1 in adoral phragmocone and 0.8—-0.9 in body chamber.
Surface of juvenile shell marked by sinuous lirae that
persist in body chamber at ventral side, but are replaced
by growth lines in other parts of more adoral shells; strong
carina having weakly waved margin and frill-like appearance
developed at ventral angle with bilateral symmetry in adoral
shells; lirae and growth lines suggest peristome shape
with V-shaped ventral (hyponomic) and shallow lateral
(ocular) sinuses. Septal curvatures are relatively weak;
sutures indicate shallow ventral and broadly rounded lateral
lobes. Siphuncle is subcentral in position; ratios of distance
between ventral shell surface and central axis of siphuncle
per whorl height at dorsoventral plane are 0.48-0.52.

Material examined.—Holotype, AMNH 6278. Paratypes,
AMNH 6181, 6186, 6208, 6209, 6227—6230, 6255, 6256,
6279-6281. In addition, 95 specimens (AMNH 6173-6180,
6182-6185, 6187—6207, 6210-6226, 6231-6254, 6257—
6277) are assigned to Domatoceras tuckeri sp. nov.

Occurrence.—TXV-34 (AMNH 6173-6185), TXV-
55 (AMNH 6186), TXV-56 (AMNH 6187-6227), TXV-
200 (AMNH 6228-6281). All previous records of the new
species as Domatoceras sp. by Mapes and Chaffin (2003)
and McKinzie and McLeod (2003) are from the Finis Shale
Member in Texas.

Etymology.—The specific name is to honor the late John K.
Tucker in recognition of his contributions to paleontological
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Figure 5. Domatoceras tuckeri sp. nov. A—F. holotype, AMNH 6278: A, lateral view; B, cross sectional view, venter
up; C, ventral view; D, dorsal view; E, lateral view of juvenile shell; F, partial enlargement of C to shew details of surface
ornamentation. H. paratype, AMNH 6281, lateral view. G, I. paratype, AMNH 6208, shell wall exfoliated: G, ventral view; I,
lateral view. J, K. paratype, AMNH 6227: J, cross sectional view, venter up; K, lateral view. Scale bar is 30 mm in A-D, I-K; 6
mmin E; 10 mmin F; 20 mmin G; 37.5 mmin H.
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Figure 6. Titanoceras sp., IGPS coll. cat. no. 112545. A. ventral view. B. lateral view. C. cross sectional view, venter up.

Scale baris 100 mm in A, B; 75 mm in C.

studies of Pennsylvanian nautiloids.

Discussion.—This new species most closely resembles
Domatoceras oreskovichi Sturgeon, Windle, Mapes and
Hoare (1982, p. 1468, 1469, pl. 2, figs. 6, 7, 9, pl. 3, fig.
2; 1997, p. 60, 61, pl. 1-23, figs. 6, 7, pl. 1-24, figs. 2, 3,
pl. 1-26, figs. 1, 2, pl. 1-27, figs. 1-6, text-fig. 1-8A), from
the Desmoinesian Allegheny Group of Ohio, by having
compressed subquadrate whorl sections with a concaved
venter. However, larger amplitude of the waved carinae
distinguishes it from Domatoceras tuckeri sp. nov. A
concaved venter is also developed in D. texanum Tucker
and Mapes (1978, p. 597, pl. 2, figs. 4, 5, pl. 3, fig. 6)
from the Missourian Wolf Mountain Shale of Texas. The
differences between D. texanum and D. tuckeri are its
subtrapezoidal whorl sections remain in the body chambers
and morphological shifting from carinae to nodes as shell
grows.

Genus Titanoceras Hyatt, 1884
Type species.—Nautilus ponderosus Meek, 1872.

Titanoceras sp.
Figure 6

Titanoceras sp., McKinzie and McLeod, 2003, p. 91, fig.
4-33.

Description.—A single very large specimen of fragmentary
body chamber is available for study; it is 352 mm in length,
225-232 mm in whorl width and 137 mm in whorl height;
whorl sections are strongly depressed, subquadrate with
width/height ratios of approximately 1.6 and consists of
broadly concave venter and weakly inflated flanks; most
of umbilical zone is missing, but preserved part indicates
shallow concavity. Shell surface smooth; ventrolateral and
umbilical angles are carinated; longitudinally elongated
nodes occur on carina at ventrolateral angles.

Material examined.—IGPS coll. cat. no. 112545.

Occurrence.—TXV-200. Previous record of the species
by McKinzie and McLeod (2003) is from the Finis Shale
Member in Texas.

Discussion.—Its depressed subquadrate whorl sections
with a broadly concaved venter suggest the generic
assignment of this specimen to Titanoceras rather than
Latitemnocheilus Sturgeon, Windle, Mapes and Hoare
(1982; type species, Nautilus (Temnocheilus) latus Meek
and Worthen, 1870) and Temnocheilus M’Coy (1844; type
species, Nautilus (Temnocheilus) coronatus M’Coy, 1844).
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General shape of the venter of Latitemnocheilus is weakly
convex and the whorl section of Temnocheilus indicates
subtrapezoidal profile.

The present Titanoceras sp. is well differentiated from
other species assigned to the genus by having a larger
width/height ratio of the whorl. However, erection of new
species is not possible due to lacking information about the
phragmocone.

Superfamily Aipoceratoidea Hyatt, 1883
Family Solenochilidae Hyatt, 1893
Genus Solenochilus Meek and Worthen, 1870
Type species.—Nautilus (Cryptoceras) springeri White
and St. John, 1868.

Solenochilus jackense sp. nov.
Figure 7

Diagnosis.—Species of Solenochilus with subelliptical
whorl sections, whose width/height ratios are 1.4-1.5;
venter broadly rounded; ventrolateral shoulders rounded;
flanks weakly inflated to straight; umbilical angles carinated;
umbilical zones weakly concaved; impressed area
moderately concaved; camerae relatively long; except for
relatively deep ventral sinus, sutures roughly transverse.

Description.—Conchs large, subglobose with rapid whorl
expansion; inner whorls are narrowly evolute with narrow
umbilical area, then coiling becomes loose in more adoral
phragmocone; apex not observable; the holotype (largest
specimen) is fragmentary whorl of mature phragmocone
having 58 mm in whorl length, 52 mm in maximum whorl
width (reconstructed from half width, exfoliated lateral shall
wall), and 36 mm in maximum whorl height (exfoliated
ventral shall wall); a paratype (AMNH 6167) representing
immature phragmocone is 45 mm in diameter, 40 mm in
maximum whorl width (reconstructed from half width), 27
mm in maximum whorl height, and 0.2 in approximate ratio
of umbilical diameter per conch diameter; whorl sections
are depressed and subelliptical; profiles of whorl sections in
immature phragmocone consist of broadly rounded venter,
rounded ventrolateral shoulders, weakly inflated flanks,
weakly concaved umbilical zones and shallowly rounded
impressed area; in mature phragmocone, flanks become
straight and acutely converge to venter; umbilical angles
carinated; width/height ratios of whorls are 1.4-1.5; no
body chamber preserved. Shell surface is mostly smooth
except for umbilical carinae that are marked by longitudinal
lirae; umbilical spine not preserved. Septa are shallowly
concaved; sutures are roughly transverse with narrow but
relatively deep ventral sinus, weak ventrolateral saddles,
and nearly straight at lateral to dorsolateral portions;
cameral lengths are relatively long for the genus, 17-20 mm

at ventral margin in the holotype. Siphuncle is at the ventral
margin; septal necks are suborthochoanitic in immature and
orthochanitic in mature phragmocones.

Material examined.—Holotype, AMNH 6168. Paratypes,
AMNH 6166, 6167. In addition, two specimens (AMNH
6164, 6165) are assigned to Solenochilus jackense sp. nov.

Occurrence.—TXV-34 (AMNH 6164), TXV-200 (AMNH
6165-6168).

Etymology.—The specific name is derived from Jack
County, from which all examined specimens including the
type series were collected.

Discussion.—Solenochilus missouriensis Miller, Lane
and Unklesbay (1947, p. 10, pl. 4, figs. 3, 4), from the
Middle Pennsylvanian Winterset Limestone of Missouri,
most closely resembles the new species, by its subelliptical
whorl sections with a width/height ratio of approximately
1.5 and relatively long camerae. However, this species
has more strongly fluted sutures especially at the lateral
to dorsolateral portions than those of S. jackense sp. nov.
Solenochilus greenensis Sturgeon (1946, p. 33-35, pl. 8,
fig. 6, pl. 9, fig. 3, text-fig. 3A; Sturgeon et al., 1997, p. 71,
72, pl. 1-31, figs. 1, 2, pl. 1-32, fig. 2, pl. 1-33, fig. 3, pl. 1-34,
figs. 1-3, text-fig. 1-11B), described from the Desmoinesian
Hamden Limestone, Ohio also resembles S. jackense, but
its dorsal part of the flanks is strongly concave. Solenochilus
mcfarlandi Sturgeon, Windle, Mapes and Hoare (1982,
p. 1469, 1471, 1472, pl. 5, figs. 3, 4; 1997, p. 73, 74, pl.
1-35, fig. 2, pl. 1-37, figs. 2, 3, text-fig. 1-12A) from the
Missourian part of the Conemaugh Group of Ohio differs
from S. jackense in having more depressed whorl sections
exceeding 1.8 in a width/height ratio and shorter camerae.
Other comparable species, including S. brammeri Miller,
Dunbar and Condra (1933, p. 234-236, pl. 22, figs. 6, 7,
pl. 23, fig. 1, pl. 24. fig. 1) from the Missourian Argentine
Limestone of Nebraska and S. springeri (White and St. John,
1868, p. 124, 125, fig. 10; Kummel, 1964, figs. 319, 320,1,
321; Mikesh and Glenister, 1966, p. 273-277, figs. 1A, 1B)
from the Middle Pennsylvanian of lowa and Arkansas, are
well differentiated from S. jackense by the presence of a
mid-ventral groove in their mature phragmocones.

Superfamily Clydonautiloidea Hyatt in Zittel, 1900
Family Liroceratidae Miller and Youngquist, 1949
Genus Liroceras Teichert, 1940
Type species.—Coloceras liratum Girty, 1911.

Liroceras liratum (Girty, 1911)
Figure 8

Coloceras liratum Girty, 1911, p. 144, 145; 1915, p. 237,
238, pl. 28, figs. 2, 2a, b, 3, 3a, b, 4, 4a, 5, 6, 6a; Miller et
al., 1933, p. 132-134, pl. 6, figs. 1-8.



Pennsylvanian coiled nautiloids from Texas 11

Figure 7. Solenochilus jackense sp. nov. A, B, E, F. paratype, AMNH 6167: A lateral view; B, ventral-apertural view;
E, ventral view; F, ventral view, showing details of siphuncle. C, D, G. holotype, AMNH 6168, shell wall mostly exfoliated: C,
septal view, venter up; D, lateral view; G, ventral view, showing details of siphuncle. Scale bar is 20 mm in A-E; 6 mm in F, G.

Coloceras liratum obsoletum Girty, 1911, p. 145; 1915, p.
238, 239, pl. 29, figs. 1, 1a, b, 2, 2a, 3, 3a.

Coloceras obsoletum Girty. Miller et al., 1933, p. 134-136,
pl. 7, figs. 4-7.

Coloceras liratum? Girty. Miller and Cline, 1934, p. 173-175,
pl. 28, figs. 24-26.

Liroceras liratum (Girty). Teichert, 1940, p. 590; Young,
1942, p. 122; Sturgeon, 1946, p. 19-21, pl. 4, figs. 6-9;
Miller and Youngquist, 1949, pl. 53, figs. 3-6; Unklesbay
and Palmer, 1958, p. 1073, pl. 138, figs. 1-3; Unklesbay,
1962, p. 45-47, pl. 5, figs. 6-8, pl. 6, figs. 5, 6, text-fig. 1;
Kummel, 1964, figs. 324,3a, b; Murphy, 1970, p. 203, 204,

pl. 36, fig. 9; Tucker, 1976, p. 67, 68, pl. 3, fig. 4; Sturgeon
et al., 1997, p. 78, 79, pl. 1-44, figs. 1, 3—12; Seul} et al,
2009, p. 627.

Liroceras cf. liratum (Girty). Young, 1942, p. 122.

Liroceras sp., Miller and Unklesbay, 1942a, p. 137, 138, pl. 1,
fig. 13, text-fig. 1A; Sturgeon and Miller, 1948, p. 76, 77;
Mapes and Chaffin, 2003, fig. 4B; McKinzie and McLeod,
2003, p. 88, fig. 4-30.

Description.—Conchs small, having 70 mm in
reconstructed diameter, subglobose, involute with moderate
whorl expansion; whorl sections are depressed and reniform
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Figure 8. Liroceras liratum (Girty, 1911). A, B, F. AMNH 6305: A, lateral view; B, ventral-apertural view; F, lateral view,
showing details of surface ornamentation. C. AMNH 6348, shell wall mostly exfoliated, ventral view. D. AMNH 6310, septal
view, venter up. E. AMNH 6354, septal view, venter up. G. AMNH 6352, dorsal view. H. AMNH 6345, shell wall exfoliated,
lateral view. I. AMNH 6360, septal view, venter up. J. AMNH 6355, lateral view. K, L. AMNH 6357: K, dorsal view; L, ventral
view. Scale bar is 20 mm in A—-E, G-L; 6 mm in F.
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consisting of rounded venter, ventrolateral shoulders to
flanks, broadly rounded umbilical zones and rounded
impressed area; umbilical angles narrowly rounded; width/
height ratios of whorls are 1.2—1.7. Shell surface is smooth,
except for portion of umbilical angles to umbilical zones in
inner volutions, where reticulate ornamentation is developed;
growth lines exhibit shallow ventral (hyponomic) and lateral
(ocular) sinuses. Septa relatively deep; sutures are directly
transverse. Siphuncle is subcentral.

Material examined.—AMNH 6298-6471.

Occurrence.—The syntypes were collected from the
Desmoinesian Wewoka Formation of Oklahoma (Girty,
1911). Except for the type stratum, specimens of this species
are widely known from the Middle to Upper Pennsylvanian
of the North American Midcontinent including the Allegheny
and Conemaugh Formations in Pennsylvania (Miller and
Unklesbay, 1942a), the Pottsville, Allegheny and Conemaugh
Formations in Ohio (Sturgeon, 1946), the Mattoon Formation
in lllinois (Tucker, 1976), the Burgner Formation in Missouri
(Unklesbay and Palmer, 1958), the Weston Shale in Kansas
(Miller et al., 1933), the Atoka, Pumpkin Creek, Boggy,
Stuart, Senora, Wetumka, Holdenville, Nellie Bly, Wann,
Vamoosa and Kanwaka Formations in Oklahoma (Miller et
al., 1933), the Jacksboro Limestone and the Finis Shale
Member in Texas (Miller et al., 1933), and the Magdalena
Group in New Mexico (Young, 1942).

Localities of each examined specimen in this study are as
follows; TXV-34 (AMNH 6298-6302), TXV-36 (AMNH 6303),
TXV-54, (AMNH 6304), TXV-56 (AMNH 6305-6341), TXV-
120 (AMNH 6342-6347), TXV-200 (AMNH 6348-6471).

Discussion.—Unklesbay (1962) considered that
differences between Liroceras liratum and L. obsoletum,
especially in their surface ornamentations are intraspecific
variations and synonymized them. We agree with his
proposal. Liroceras liratum is the most abundant nautiloid
species in the Finis Shale Member.

Genus Peripetoceras Hyatt, 1894
Type species.—Nautilus freieslebeni Geinitz, 1843.

Peripetoceras bridgeportense Tucker and Mapes, 1978
Figure 9

Peripetoceras bridgeportense Tucker and Mapes, 1978, p.
598, 600, 603, pl. 1, figs. 1-3, pl. 2, figs. 1, 2, pl. 3, fig. 7.
Peripetoceras sp., Wani et al., 2012, fig. 3D.

Description.—Conchs small, having 50 mm in
reconstructed diameter, subglobose, involute with rapid whorl
expansion; whorl sections depressed, reniform in apical
and subtrapezoidal in adoral shells; profiles of apical whorls
consist of rounded venter, ventrolateral shoulders to flanks,

narrowly rounded umbilical zones and rounded impressed
zone; in adoral whorls, subquadrate ventral angles appear
and following profiles indicate nearly flat venter, nearly
flat ventrolateral shoulders to flanks converging acutely
to venter, narrowly rounded umbilical zones, and deeply
rounded and wide impressed zone; umbilical angles broadly
rounded throughout; width/height rations of whorls range
from 1.5 to1.7. Shell surface is smooth; growth lines exhibit
narrowly rounded ventral (=hyponomic) sinus, broadly
rounded ventrolateral lobes, very shallow lateral (= ocular)
sinus; sutures are transverse and roughly straight; siphuncle
is supracentral in position and slightly off to dorsum.

Material examined.—AMNH 6282—6297.

Occurrence.—The holotype and all paratypes of
Peripetoceras bridgeportense were collected from the
Missourian (early Late Pennsylvanian) Wolf Mountain Shale,
Texas (Tucker and Mapes, 1978).

Localities of each examined specimen in this study are as
follows; TXV-34 (AMNH 6282-6287), TXV-54 (AMNH 6288),
TXV-56 (AMNH 6289-6292), TXV-200 (AMNH 6293-6297).
Previous record of the species by Wani et al. (2012) is from
the Finis Shale Member in Texas.

Discussion.—We assign the present specimens to
Peripetoceras bridgeportense on the basis of similarities
with the holotype in their whorl section shapes, ratios of
conch expansion, and siphuncular position. It is possible that
an unfigured species, Peripetoceras sp., recorded from the
Finis Shale Member by McKinzie and McLeod (2003) also is
conspecific with P. bridgeportense.

Family Ephippioceratidae Miller and Youngquist, 1949
Genus Ephippioceras Hyatt, 1884
Type species.—Nautilus ferratus Cox, 1858.

Ephippioceras ferratum (Cox, 1858)
Figure 10

Nautilus ferratus Cox, 1858, p. 574, 575, pl. 10, figs. 2, 2a.

Ephippioceras ferratum (Cox). Hyatt, 1884, p. 290; 1894,
p. 539, pl. 10, figs. 23—-26; Miller et al., 1933, p. 114-118,
pl. 3, figs. 14—17; Miller and Owen, 1934, p. 209-211, pl.
12, figs. 3, 4, text-figs. 1A, B; Smith, 1938, p. 10, 11, pl.
1, fig. 17; Miller and Unklesbay, 1942a, p. 136, pl. 1, figs.
14, 15; Sturgeon, 1946, p. 18, 19, pl. 4, figs. 2—4; Miller
and Unklesbay, 1947, p. 320, pl. 1, figs. 7, 8; Miller et al.,
1947, p. 6, pl. 2, figs. 7-10; Miller and Youngquist, 1949, p.
129, pl. 53, figs. 7, 8; Unklesbay, 1962, p. 50-52, pl. 4, fig.
3; Kummel, 1963, p. 357, pl. 15, figs. 4—7; 1964, fig. 326,
2; Sturgeon et al., 1997, p. 81, 82, pl. 1-46, figs. 1-5,7, 9.

Ephippioceras (Nautilus) ferratum (Cox). Hyatt, 1891, p.
352.

[not] Ephippioceras ferratum (Cox). Gordon, 1964, p. 162,
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Figure 9. Peripetoceras bridgeportense Tucker and Mapes, 1978. A, B, F, K. AMNH 6289: A, septal view, venter up;
B, ventral view; F, lateral view; K, partial enlargement of B to show details of surface ornamentation. C, I, J. AMNH 6283:
C, ventral view; I, lateral view; J, septal view, venter up. D, G. AMNH 6292: D, ventral view; G, dorsal view. E. AMNH 6295,
septal view, venter up. H. AMNH 6297, lateral view. Scale bar is 20 mm in A—J; 12 mm in K.
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Figure 10. Ephippioceras ferratum (Cox, 1858). A-C. AMNH 6169, shell wall mostly exfoliated: A, ventral view; B, cross
sectional view, venter up; C, lateral view. D-F. AMNH 6170, shell wall mostly exfoliated: D, ventral view; E, lateral view;
F, ventral-apertural view. G, H. AMNH 6171: G, septal view, venter up; H, ventral view. I, J. AMNH 6172, shell wall mostly
exfoliated: |, lateral view; J, ventral view. Scale bar is 15 mm.

163, pl. 16, figs. 1-3, text-fig. 31 [= E. sp. nov.]. whorl sections are strongly depressed, reniform consisting
Eohippioceras [sic.] ferratum (Cox). Seul} et al, 2009, p.  of rounded venter, ventrolateral shoulders to franks, weakly
627. inflated umbilical zones and deeply rounded impressed

area; umbilical angles bluntly pointed; width/height ratios of

Description.—Conchs small, subglobose and involute  whorls are 1.6—1.8; mid-ventral conchal furrow developed.
with relatively rapid whorl expansion; a well-preserved  Shell surface smooth. Cameral length short; sutures exhibit
specimen (AMNH 6172) has 29 mm in conch diameter;  distinct flutings indicating V-shaped and very prominent
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Paleogeographic reconstruction of the distribution of common Late Pennsylvanian coiled nautiloid species

with the Finis Shale assemblage (arrow). Map based on and modified from Algeo and Heckel (2008). 1, Liroceras liratum
and Ephippioceras ferratum in the Conemaugh Formation, Pennsylvania; 2, L. liratum and E. ferratum in the Conemaugh
Formation, Ohio; 3, L. liratum in the Mattoon Formation, lllinois; 4, E. ferratum in the South Bend Formation, Nebraska; 5,
Tainoceras monilifer in the latan Limestone, Nebraska; 6, E. ferratum in the Dennis and Westerville limestones, Missouri;
7, L. liratum in the Weston Shale, Kansas;8, T. monilifer in the Lawrence Shale and Kereford and Burlingame Limestones,
Kansas; 9, T. monilifer in the Vamoosa Formation and L. liratum in the Nellie Bly, Wann, Vamoosa and Kanwaka Formations,
Oklahoma; 10, Peripetoceras bridgeportense in the Wolf Mountain Shale, Texas; 11, L. liratum in the Magdalena Group, New

Mexico.

ventral saddle, broadly rounded lateral lobes and low
umbilical saddle. Siphuncle central to slightly supracentral in
position.

Material examined.—AMNH 6169-6172.

Occurrence.—The holotype of Ephippioceras ferratum
was collected from the Pennsylvanian (specific stratigraphic
setting unknown) of Kentucky (Cox, 1858). Specimens
of this species are also known from the Middle to
Upper Pennsylvanian of the Conemaugh Formation in
Pennsylvania (Miller and Unklesbay, 1942a), the Pottsville,
Allegheny and Conemaugh Formations in Ohio (Sturgeon,
1946), the Cherokee Formation and the Dennis and
Westerville Limestones in Missouri (Miller et al., 1933), the
South Bend Formation in Nebraska (Miller et al., 1933), and
the Boggy Formation in Oklahoma (Smith, 1938).

Localities of each examined specimen in this study are as
follows; TXV-34 (AMNH 6169-6171), TXV-56 (AMNH 6172).

Discussion.—Gordon (1964) assigned a single Morrowan
(Early Pennsylvanian) specimen from the Hale Formation,

Arkansas to Ephippioceras ferratum and stated that it is the
earliest record of this species. However, we cannot agree
with his point of view because the ventral saddle in the
suture of this Morrowan specimen is much lower than that of
the typical ones of E. ferratum. We think that this specimen
probably represents a new species and the chronological
range of E. ferratum is, therefore, constrained exclusively in
Middle to Late Pennsylvanian time.

Coiled Nautiloid Assemblage

The Late Pennsylvanian coiled nautiloid assemblage from
the Finis Shale Member is composed by Tainoceras monilifer
Miller, Dunbar and Condra, Metacoceras quadratum sp.
nov., Endolobus sturgeoni sp. nov., Domatoceras tuckeri
sp. nov., Titanoceras sp., Solenochilus jackense sp. nov.,
Liroceras liratum (Girty), Peripetoceras bridgeportense
Tucker and Mapes, and Ephippioceras ferratum (Cox).
In our previous studies concerning fossil cephalopods
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in the Midcontinent of North America, Niko et al. (2018)
examined the Middle Pennsylvanian orthoconic cephalopod
assemblage in the Buckhorn Asphalt Quarry, located ca.
150 km northeast of Jacksboro, and concluded that it
demonstrates provincialism. In contrast to this assemblage,
the Finis Shale assemblage indicates cosmopolitanism
and is characterized by the absence of endemic genera
and presence of common, widely occurring species to high
degree. Most of the area of Midcontinent North America,
situated in the low latitudes at this time, was flooded due
to the rise of the sea level forced by melting Gondwanan
ice sheets and submergence in the shelf sea (i.e., the Late
Pennsylvanian Midcontinent Sea (LPMS); Heckel, 1994).
The LPMS included the Appalachian Basin, the lllinois
Basin, the Midcontinent Shelf and the Willistone Basin,
and was connected to the Panthalassic Ocean through the
Marginal Sea (Algeo and Heckel, 2008; Algeo et al., 2008;
Algeo and Herrmann, 2017).

As obvious from the proceeding systematic part, Late
Pennsylvanian occurrences of the previously known four
species from outside the Finis Shale Member are as follows:
T. monilifer (Nebraska, Kansas, Oklahoma), L. liratum
(Pennsylvania, Ohio, lllinois, Oklahoma, New Mexico), P.
bridgeportense (Texas), and E. ferratum (Pennsylvania,
Ohio, Missouri, Nebraska, Oklahoma). Among these, all
localities in Texas (including the Finis Shale) and New
Mexico belong to the Marginal Sea while others are in the
LPMS; more particularly they belong to the Appalachian
Basin (Pennsylvania, Ohio), the lllinois Basin (lllinois)
and the Midcontinent Shelf (Missouri, Nebraska, Kansas,
Oklahoma), whose areas represent the southern part
of the sea (Figure 11). Niko et al. (2018) suggested that
the Buckhorn Asphalt was deposited in the restricted
epeiric sea during a cool episode. Differences of above-
mentioned composition between these two assemblages
can be referred to sea level change triggered by forming
and melting of ice sheets. We can conclude that the coiled
nautiloid assemblage from the Finis Shale inhabited the
Marginal Sea that was open to the Panthalassic Ocean
at that time and thus, had strong biotic linkage with the
southern LPMS including the Appalachian Basin, the lllinois
Basin, and the Midcontinent Shelf.
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Middle Permian cephalopods of the Takakurayama
Formation in the Yaguki area, the southwestern margin of
the South Kitakami Belt, Northeast Japan
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Abstract: Middle Permian coiled nautiloids and ammonoids are described from two horizons
belonging to the upper part of the Takakurayama Formation distributed in the Yaguki area,
Northeast Japan. The nautiloids consist of nine species belonging to four genera, and include one
new species: Tainoceras cf. abukumaense Hayasaka, Tainoceras sp., Pleuronautilus chisatoi sp.
nov., Pleuronautilus cf. gregarius (Miller), Pleuronautilus sp., Pleuronautilus? sp., Endolobus? sp.
and Domatoceras sp. The ammonoid fauna is composed of eight species belonging to eight genera
and an indeterminable Kufengoceratinae: Agathiceras sp., Stacheoceras sp., Kufengoceratinae
gen. and sp. indet., Waagenoceras sp., Jilingites cf. bidentus Liang, Roadoceras cf. roadense
(Bose), Neopopanoceras cf. scrobiculatum (Gemmellaro), Propinacoceras sp., Propinacoceras?
sp. and Paraceltites cf. elegans Girty. Reexaminations of some existing ammonoid species are also
given. Including the known ones, the ammonoid fauna of the formation clearly indicates that the

Takakurayama Formation is Wordian in age.

Introduction

The Permian mudstone-dominated strata, the
Takakurayama Formation, is narrowly distributed in the
Yaguki area, lwaki City, in the southeastern margin of the
Abukuma Massif, Northeast Japan. It belongs to the South
Kitakami Belt and situated at the southwestern margin of
the belt. Rather rich cephalopod fossils have been known
from its upper part (Hayasaka, 1965; Yanagisawa, 1967;
Tazawa et al., 2005; Ehiro, 2008; Fujikawa and Suzuki,
2011). Based on the ammonoid fauna, Hayasaka (1965)
correlated the Takakurayama Formation with the Middle
Permian Sosio Stage. Yanagisawa (1967) considered that
the Takakurayama Formation ranges in age from Early to
Middle Permian. Tazawa et al. (2005) dated the ammonoid
fauna as Middle Permian Wordian in age, but regarded them
as reworked fossils, without showing any sedimentological
evidences. Ehiro (2008) described some ammonoids
from the formation. He also reviewed the taxonomy of the
previously reported ammonoids and the mode of occurrence
of fossils from the formation, and concluded that the
Takakurayama Formation is correlated with the Wordian. On
the other hand, Fujikawa and Suzuki (2011) reported some
Early Permian ammonoids, including Artinskia, in addition to
the Wordian ones.

Recently, many cephalopod samples from the

Takakurayama Formation, collected mainly in the 1960’s
to the early 1970’s by Chisato Suzuki, were donated to the
Tohoku University Museum. They are important for dating
the Takakurayama Formation. This paper describes them
and discuss on the age of the formation.

Stratigraphy of the Takakurayama Formation
and fossil horizons

The Takakurayama Formation is distributed in a
narrow area, elongated from north to south, east of Mt.
Takakurayama in the Yaguki area, the southeastern margin
of the Abukuma Massif (Fig. 1). It was originally named
as the Takakurayama Series (lwao and Matsui, 1961) or
Takakurayama Group (Yanagisawa and Nemoto, 1961), and
subdivided into the Iriishikura, Motomura and Kashiwadaira
formations, in ascending order (Yanagisawa, 1967). Later,
Onuki (1966) treated the group as a formation rank and the
formations as members (Fig. 2). The Iriishikura Member
is more than 100 m thick and consists mostly of laminated
mudstone. The Motomura Member is 60 to 7 m in thickness,
thinning to the south, and is mainly composed of sandstone
and alternating beds of sandstone and mudstone. In the
northern area, it includes conglomeratic sandstone with
limestone pebbles-boulders and lenses. The Kashiwadaira
Member is rather thick (more than 250 m) and consists of
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laminated mudstone intercalated with thin sandstones and
lenticular pebbly mudstones. Thickness of these sandstones
and pebbly mudstones are occasionally reaches 2 m, very
rarely 4 m, but usually less than 1 m. These strata trend
north-northeast and dip moderately to steeply west. Based
on the sedimentary structures such as cross beddings
and graded beddings in sandstone beds and laminas, no
overturned part exists.

Yanagisawa (1967) named small valleys in this area as
A-valley, B-valley, G,-valley, etc. for convenience (Figure 1).
He recognized eight fossil localities in the Takakurayama
Group (Formation) and named them as T, to T, and situated
T, Locality (B-valley) in the upper part of the Iriishikura
Formation, T, (L,-valley), T, (D5-valley) and Ty (F-valley) in
the Motomura Formation, and T,?, Ts (G,-valley), T; (G,-

B

valley) and T4 (H-valley) in the Kashiwadaira Formation.
Tazawa et al. (2005), Tazawa (2008) and Fujikawa and
Suzuki (2011) used these Yanagisawa'’s locality numbers (T,
T, and Tg), and also positioned T, in the Iriishikura Member
and T, and T in the Kashiwadaira Member, but they did not
show any geologic map.

There is a large difference about the geologic map around
A-, B- and L,-valleys between Yanagisawa (1967), and Ueno
(1992) and Ehiro (2008). In the geologic map of Yanagisawa
(1967), the southern extension of the Motomura Member
(Motomura Formation) is in the upper reaches of the L,-
and A-valleys, whereas Ueno (1992) and Ehiro (2008)
extended it to the middle reaches of the L,- and A-valleys.
According to my field survey, there is no thick sandstone-
dominated beds, correspond to the southern extension of
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Formation, showing the fossil horizons.

the Motomura Member, in the upper reaches of the L;- and
A-valleys. Instead, thick sandstone-dominated beds (ca. 10
m in L,-valley and ca. 7 m in A-valley) expose in their middle
reaches, situated in the extended direction of the member
distributed in L,-valley, as shown in geological maps of Ueno
(1992) and Ehiro (2008). Although Yanagisawa (1967),
Tazawa et al. (2005), Tazawa (2008) and Fujikawa and
Suzuki (2011) positioned the fossil locality T, in the upper
part of the Iriishikura Member, according to Ueno (1992) and
Ehiro (2008), it is reasonable to consider that its stratigraphic
position is in the lower part of the Kashiwadaira Member.
The cephalopod specimens of the Takakurayama
Formation have been reported from three localities: T,, T,
and Tg. As shown above, the first horizon is situated in the
lower part of the Kashiwadaira Member, and the latter two

are in the middle part of the member. The exact stratigraphic
relationship between the last two is not clear, because two
areas including these two localities are separated by the
metamorphic rocks and not continuous (Yanagisawa, 1967).
The present ammonoid specimens were collected from the
T, and T, localities (Fig. 2).

Systematic description

Specimens described in this paper are housed in the
Tohoku University Museum (Institution abbreviation: IGPS
= Institute of Geology and Paleontology, Tohoku University,
Sendai). Morphological terminology basically follows Arkell
et al. (1957) and the classification of taxonomic ranks
higher than genus follows Teichert et al. (1964) for the order
Nautilida, Furnish et al. (2009) for the orders Goniatitida and
Prolecanitida, and Arkell et al. (1957) for the order Ceratitida.
The following abbreviations are used in the descriptions: D
= diameter of whorl, H = height of whorl, W = width of whorl,
UD = diameter of umbilicus.

Subclass Nautiloidea Agasizz, 1847
Order Nautilida Agasizz, 1847
Superfamily Tainoceratoidea Hyatt, 1883
Family Tainoceratidae Hyatt, 1883
Genus Tainoceras Hyatt, 1883
Type species.—Nautilus quadrangulus McChesney, 1860

Tainoceras cf. abukumaense Hayasaka
Fig. 3.1

cf. Tainoceras abukumaense Hayasaka, 1957, p. 24, pl. 8,
figs. 1-3; Hayasaka, 1965, p. 13.
Tainoceras abukumense Hayasaka. Hayasaka, 1962, p.
137, pl. 11, figs. 1-3, text-fig. 1; Hayasaka, 1967, p. 1,
text-figs. A, B; Koizumi, 1975, p. 32, pl. 5, figs. 1-2.

Material examined.—One specimen, IGPS coll. cat. no.
112470.

Description.—An outer mold of left side is examined. The
sub-evolute shell attains more than 75 mm in diameter and
the ratio of UD/D is about 0.3. The flank is inclined to the
umbilicus. The umbilical wall is moderately inclined. The
ventral shoulder is nearly perpendicular, although the venter
is not fully preserved. The shell surface is ornamented with
sinuous growth lines. There are two rows of nodes on the
flank, one along the ventral shoulder and the other along the
umbilical shoulder. Both numbered 18-19 (partly estimated)
per volution. The former nodes are large and high, the
cross section of which is circular to laterally elongated, and
sometimes associated with short ribs diminishing their height
toward the umbilicus. The latter nodes are considerably
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Figure 3. Nautiloids (Tainoceras, Endolobus? and Domatoceras) from the Takakurayama Formation.

1, Tainoceras cf. abukumaense Hayasaka, IGPS coll. cat. no. 112470, lateral view; 2, Tainoceras sp., IGPS coll. cat. no.
112471, lateral (2a) and ventral (2b) views; 3, Endolobus? sp., IGPS coll. cat. no. 112480, lateral view (3a) and suture line (3b);
4 and 5, Domatoceras sp.; 4, IGPS coll. cat. no. 112481, lateral view (4a) and suture line (4b); 5, IGPS coll. cat. no. 12482,

lateral view. Scale bars are 1 cm, unless otherwise stated.

smaller than the former ones. The suture is not preserved.

Comparison.—The shape of the flank and its
ornamentation, especially the shape of two rows of nodes of
the present specimen is similar to the holotype of Tainoceras
abukumaense Hayasaka collected from the Takakurayama
Formation, but | refrain from identifying it at the specific
level because its shell cross section and suture lines are
unknown.

Occurrence.—From the middle part of the Kashiwadaira
Member at G,-valley (T, Locality), Yaguki, lwaki City,
Fukushima Prefecture. Middle Permian (Wordian).

Tainoceras sp.
Figs. 3.2a-b

Material examined.—One specimen, IGPS coll. cat. no.
112471.
Descriptive remarks.—A fragmental inner mold, obliquely

deformed, are examined. The evolute shell attains more
than 24 mm in shell diameter. At the preserved end, the
height is ca. 14 mm and the width is ca. 16 mm. The flanks
are flat and the venter is broadly rounded. There are sharp
radial ribs, run from the umbilical shoulder and end at the
ventral shoulder forming small nodes. Two fine ridges run on
the venter forming the shallow central groove. The suture is
not preserved.

Based on the general shell morphology, it is highly
probable that the present specimen belongs to the genus
Tainoceras Hyatt, 1883, but the specific identification is
difficult due to the poor state of preservation.

Occurrence.—From the middle part of the Kashiwadaira
Member at G,-valley (T, Locality), Yaguki, lwaki City,
Fukushima Prefecture. Middle Permian (Wordian).

Genus Pleuronautilus Mojsisovics, 1882
Type species.—Pleuronautilus trinodosus Mojsisovics, 1902
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Pleuronautilus chisatoi sp. nov.
Figs. 4.1a—f

Etymology.—The species name is to honor Mr. Chisato
Suzuki, who collected the holotype and making it available
for study.

Material examined.—One specimen, IGPS coll. cat. no.
112472 (holotype).

Diagnosis.—A species of Pleuronautilus with thickly
discoidal and sub-evolute shell. The shell surface is
ornamented with prorsiradiate ribs on the flanks and
longitudinal lirae on both the flanks and venter.

Description.—The shell attains about 48 mm in maximum
diameter along the longest axis of the elliptically deformed
specimen, and the corresponding height and umbilical
diameter are 20.9 (H/D = 0.44) and 18.6 mm (UD/D = 0.39),
respectively. The shell width is apparently ca. 9.0 mm, but
this value is under tectonically flattened state and its exact
value is unknown. The flanks are slightly convex, with the
maximum shell width near the umbilical shoulder to umbilical
one-thirds of the flanks, and gently converge to the venter.
The umbilical wall is steep with acutely rounded umbilical
shoulder. The venter, with rounded ventrolateral shoulders,
is nearly flat but its median part is slightly concave.

There are prominent lateral ribs on the flanks, numbered
24-25 per volution. The ribs are prorsiradiate and run from
the umbilical shoulder, slightly strengthened ventrally, and
end at the ventrolateral shoulder forming small nodes. Near
the umbilical shoulder, the ribs incline forward. In addition,
both the lateral and ventral shell surfaces are ornamented
with fine longitudinal lirae.

The external suture consists of very shallow? ventral lobe,
low ventrolateral saddle, and wide and shallow lateral lobe.
The dorsal suture seems to be nearly straight.

Comparison.—Pleuronautilus chisatoi sp. nov. is clearly
distinguished from all other species of Pleuronautilus in
having longitudinal lirae on the shell surface.

Occurrence.—Lower part of the Kashiwadaira Member
of the Takakurayama Formation at B-valley (T, Locality),
eastern slope of Mt. Takakurayama, Yaguki, lwaki City,
Fukushima Prefecture. Middle Permian (Wordian).

Pleuronautilus cf. gregarius (Miller)
Figs. 4.2-4.3

cf. Metacoceras gregarium Miller, 1945, p. 283, pl. 45, figs.
5-8.
Foordiceras gregarium (Miller). Miller and Youngquist,
1949, p. 98, pl. 36, fig. 5, pl. 38, figs. 5-8, pl. 39, figs. 1,
2, 6-9, pl. 40, figs. 1-4, pl. 41, figs. 5-9.
Pleuronautilus (P.) gregarium (Miller). Kummel, 1953, p.
36.

Pleuronautilus gregarius (Miller). Shimanskiy, 1967, p.
93.

Material examined.—Two specimens, IGPS coll. cat. no.
112473 and 112474.

Description.—The specimens are obliquely deformed.
One specimen (no. 112473), consisting of phragmocone and
a part of the body chamber, attains 55.7 mm in maximum
diameter along the elliptically deformed specimen, and
the corresponding height and umbilical diameter are 26.1
(HID = 0.47) and 16.9 mm (UD/D = 0.30), respectively. The
shell width is apparently ca. 15 mm, but this value is under
tectonically flattened state and its exact value is unknown.
Another one (no. 112474) is a phragmocone. It attains 64.0
mm in maximum diameter along the longest axis of the
elliptically deformed specimen, and the corresponding height
and umbilical diameter are 26.0 (H/D = 0.41) and 22.2 mm
(UDID = 0.35), respectively.

The flanks of the specimens are nearly flat. The venter,
with rounded ventrolateral shoulders, is nearly flat, but there
is a shallow groove? on the median part of no. 112473.
There are slightly prorsiradiate lateral ribs on the flanks,
running from the umbilical shoulder to the ventrolateral
shoulder. They curve slightly backward and become wide
ventrally. The specimen no. 112473 have 19-20 ribs per
volution, adoral ones of which are slightly depressed at the
middle part. The ribs of another specimen (no. 112474)
numbers 11-12 per half volution, but they are indistinct near
the adoral end.

The external suture consists of shallow ventral lobe, low
ventrolateral saddle, and wide and shallow lateral lobe. The
dorsal lobe is very shallow to nearly straight.

Comparison.—The present specimens from the
Takakurayama Formation are similar to Pleuronautilus
gregarius (Miller) from the Wordian strata of USA, but the
precise identification is difficult because of their poor state
of preservation. Foordiceras gregarium (Miller) described by
Yanagisawa (1967) from the Takakurayama Formation (Loc.
T,;: G,-valley) is very poorly preserved and fragmental, and
hence difficult to identify not only at the species level but
also at the genus level.

Occurrence.—Lower part of the Kashiwadaira Member
of the Takakurayama Formation at B-valley (T, Locality),
eastern slope of Mt. Takakurayama (no. 112473) and middle
part of the Kashiwadaira Member at G,-valley (T, Locality)
(no. 112474), Yaguki, Iwaki City, Fukushima Prefecture.
Middle Permian (Wordian).

Pleuronautilus sp.
Fig. 4.4

Material examined.—One specimen, IGPS coll. cat.
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Figure 4. Nautiloids (Pleuronautilus and Pleuronautilus?) from the Takakurayama Formation.

1, Pleuronautilus chisatoi sp. nov., IGPS coll. cat. no. 112472 (holotype); 1a and 1b, lateral (1a) and ventral (1b) views; 1c
and 1d, partial enlargements of lateral (1¢) and ventral (1d) views showing longitudinal lirae; 1e and 1f, suture lines at H =
10 mm (1e) and 17 mm (1f); 2 and 3, Pleuronautilus cf. gregarius (Miller); 2, IGPS coll. cat. no. 112473, lateral view (2a),
ventral view (2b) and suture line (2c); 3, IGPS coll. cat. no. 112474; 3a, lateral view; 3b and 3c, suture lines at H = 15 mm
(3b) and 22 mm (3c); 4, Pleuronautilus sp., IGPS coll. cat. no.112475, lateral view (4a), ventral view (4b) and suture line (4c);
5-8, Pleuronautilus? sp., all lateral views; 5, IGPS coll. cat. no. 112476; 6, IGPS coll. cat. no. 112477; 7, IGPS coll. cat. no.
112478; 8, IGPS coll. cat. no. 112479. Scale bars are 1 cm, unless otherwise stated.

no.112475.

Descriptive remarks.—A fragmental inner mold,
tectonically compressed dorso-ventrally, is at hand. The shell
is evolute and attains more than 55 mm in diameter. At the
preserved adoral end, the height and width are ca. 14 and
32 mm, respectively. The flat to slightly concave flanks, with
acutely rounded umbilical and ventral shoulders, converge
toward the venter. The umbilical wall is nearly perpendicular.
The wide venter is flat to slightly concave. There are radial

ribs, curved backward, on the flanks. The venter is smooth.
The suture consists of a wide and shallow ventral lobe, small
and low ventrolateral saddle and a moderately deep lateral
love. The dorsal suture is not well preserved.

Based on the shell outline, surface ornamentation and
the shape of the external suture, the present specimen is
considered to belong to the genus Pleuronautilus, but the
specific identification is difficult because of its poor state of
preservation.
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Occurrence.—Middle part of the Kashiwadaira Member
at G,-valley (T, Locality), Yaguki, lwaki City, Fukushima
Prefecture. Middle Permian (Wordian).

Pleuronautilus? sp.
Figs. 4.5-4.8

Material examined.—Four specimens, IGPS coll. cat. no.
112476-112479.

Descriptive remarks.—Four fragmental outer molds,
obliquely deformed, are examined. They are evolute and
the flanks are nearly flat. The largest specimen (no. 112478)
attains more than 55 mm in diameter. The maximum
shell diameter of the second one is about 55 mm and its
corresponding umbilical diameter is ca. 23 mm (UD/D =
0.42). The third one is 43 mm in maximum diameter with the
ratio of UD/D = ca. 0.35. The smallest specimen attains a
diameter of 29 mm. There are prominent prorsiradiate lateral
ribs on the flanks. The ribs run from the umbilical shoulder,
slightly strengthened ventrally, and end at the ventrolateral
shoulder forming longitudinal nodes. Near the umbilical
shoulder, the ribs incline forward.

The shell outline and surface ornamentation of the
present specimens resemble those of the species of the
genus Pleuronautilus, such as P. gregarius (Miller). But
there remains some doubt on the generic position of them,
because they are fragmental and their shell cross sections
are unknown.

Occurrence.—All specimens are from the middle part of
the Kashiwadaira Member at G,-valley (T, Locality), Yaguki,
Iwaki City, Fukushima Prefecture. Middle Permian (Wordian).

Family Koninckioceratidae Hyatt in Zittel, 1900
Genus Endolobus Meek and Worthen, 1865
Type species.—Nautilus spectabilis Meek and Worthen,

1860

Endolobus? sp.
Figs. 3.3a-3b

Material examined.—One specimen, IGPS coll. cat. no.
112480.

Descriptive remarks.—The small specimen is tectonically
deformed obliquely, and precise original shell shape is not
known. It consists of inner mold and probable natural cast
of the outer mold, and shows semi-evolute and probably
thickly discoidal shell outline. The maximum shell diameter
attains about 18 mm along the elliptically deformed longest
axis, and the corresponding height and umbilical diameter
are both about 7 mm (H/D and UD/D = 0.39), respectively.
The shell width exceeds 5 mm. The flanks converge to the
umbilicus. The venter is estimated to be broadly rounded

with angular ventrolateral shoulders. The adapical part
of shell surface is ornamented with fine radial striae or
growth lines. There are also rows of small nodes along the
ventrolateral shoulders. The external suture consists of
very shallow (nearly straight) ventral and lateral lobes with
indistinct ventrolateral saddle.

Based on the estimated shell outline, presence of
ventrolateral nodes and the shape of the external suture
line, the present specimen is considered to belong to the
genus Endolobus, but some doubt remains on the generic
identification because of its severe tectonic deformation.

Occurrence.—Middle part of the Kashiwadaira Member
at G,-valley (T, Locality), Yaguki, lwaki City, Fukushima
Prefecture. Middle Permian (Wordian).

Superfamily Trigonoceratoidea Hyatt, 1884
Family Grypoceratidae Hyatt in Zittel, 1900
Genus Domatoceras Hyatt, 1891
Type species.—Domatoceras umbilicatum Miller, Dunber
and Condra, 1933

Domatoceras sp.
Figs. 3.4-3.5

Material examined.—Two specimens, IGPS coll. cat. no.
112481 and112482.

Description.—Two fragmental specimens, both preserved
only one side, are examined. They are laterally compressed,
sub-evolute and flattened, and shell cross section is sub-
rectangular. One specimen (no. 112481) attains about 64
mm in diameter, and its corresponding height and umbilical
diameter are ca. 25 (H/D = 0.39) and ca. 19 mm (UD/D
= 0.30), respectively. The width exceeds 10 mm, but the
precise value is not known because of its ill preservation.
The flanks are nearly flat to very broadly convex, and
parallel to very slightly converge to the venter. The umbilical
shoulder is rounded and the umbilical wall is steeply dipping.
The ventrolateral shoulder is acutely rounded. The shell
surface is almost smooth, but the specimen 112481 has
some laterally elongated nodes with short radial ribs on the
ventral shoulder of the phragmocone to the beginning of the
body chamber. Only the lateral suture, which consists of a
large love, is preserved in the specimen 112481.

Comparison.—The present specimen 112481 is
characterized by having small elongated nodes of the ventral
shoulder. Domatoceras sp. from the Wordian of Mexico
(Miller and Youngquist, 1949, p. 47, pl. 45, fig. 8) somewhat
resembles in shell outline and having ventrolateral nodes.
Domatoceras sculptile (Girty) (Metacoceras sculptile
Girty, 1911, p. 148; Girty, 1915, p. 245, pl. 31, figs. 1-2a;
Pseudometacoceras sculptile, Miller et al., 1933, p. 226, pl.
6, figs. 9-12; Domatoceras sculptile, Miller and Youngquist,
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1949, p. 41, text-fig. 5) from the Upper Carboniferous of
Oklahoma, Domatoceras williami Miller and Owen (Miller
and Owen, 1934, p. 246, pl. 16, fig. 4, pl. 17, figs. 1-4, pl. 18,
fig. 1, text-fig. 6) from the Upper Carboniferous of the Mid-
Continent region, Domatoceras hayi (Hyatt) (Metacoceras
Hayi Hyatt, 1891, p. 339, text-figs. 38-39; Hay, 1893, p. 38,
text-figs. 8-9; Miller et al., 1933, p. 173, text-fig. 25) from the
Lower Permian (Carboniferous?) of the Mid-Continent region
also have ventrolateral nodes. It is, however, difficult to
identify the present specimens at the specific level, because
they are fragmental and poorly preserved.
Occurrence.—Both specimens are from the middle part of
the Kashiwadaira Member at G,-valley (T, Locality), Yaguki,
Iwaki City, Fukushima Prefecture. Middle Permian (Wordian).

Subclass Ammonoidea Zittel, 1884
Order Goniatitida Hyatt, 1884
Suborder Goniatitina Hyatt, 1884
Superfamily Agathiceratoidea Arthaber, 1911
Family Agathiceratidae Arthaber, 1911
Genus Agathiceras Gemmellaro, 1887
Type species.—Agathiceras suessi Gemmellaro, 1887

Agathiceras sp.
Figs. 5.1-5.5

Material —IGPS coll. cat. no. 112483—112496.

Descriptive remarks.—Fourteen specimens, elliptically
and obliquely deformed, are examined. Specimens are
small, the diameter of which ranges from 17 to 23 mm
along the elliptically deformed longest axis. The umbilicus
is very small and almost closed. The sides are convex
with broadly rounded umbilical and ventral shoulders. The
venter is rounded. The shell surface is ornamented by many
fine spiral lirae. The suture is poorly preserved in some
specimens, and five saddles and four lobes are present on
the lateral side. The crests of the saddles are rounded. The
bases of the lobes are also rounded, but slightly pointed at
the center.

Based on the general shell shape, surface ornamentation
and the outline of the suture line, the present specimens
are considered to belong to the genus Agathiceras, but the
strong tectonic deformation makes it difficult to identify them
at the species level.

Occurrence.—Specimens no. 112483-112485 are
from the lower part of the Kashiwadaira Member of the
Takakurayama Formation at B-valley (T, Locality), eastern
slope of Mt. Takakurayama, and no. 112486-112496
are from the middle part of the Kashiwadaira Member
at G,-valley (T, Locality), Yaguki, lwaki City, Fukushima
Prefecture. Middle Permian (Wordian).

Superfamily Cycloloboidea Zittel, 1895
Family Vidrioceratidae Plummer and Scott, 1937
Genus Stacheoceras Gemmellaro, 1887
Type species.—Stacheoceras mediterraneum Gemmellaro,
1887

Stacheoceras sp.
Figs. 5.6-5.7

Material —IGPS coll. cat. no. 112497 and 112498.

Descriptive remarks.—Two fragmental specimens are
examined. One specimen (no. 112497) consists of an
outer mold with a small fragmental inner mold. The shell
diameter attains more than 30 mm. It is involute with closed
umbilicus. The conch has convex sides and acutely rounded
to carinate venter with a lenticular cross section, although
the lenticular shape may be due to the tectonic flattening.
The shell surface seems to be smooth. The external suture
is partly preserved. The ventral lobe is wide and deep, but
its basal part is not preserved. On the side, at least four set
of lateral saddles and lobes are recognized, all diminishing
in size toward the umbilicus. The crests of all saddles are
rounded. The first lateral lobe is bifid at the base. The
second to fourth are bi- or trifid at the base. Another one (no.
112498) is a tectonically flattened, fragmental phragmocone.
The apparent cross section is lenticular. The shell surface
seems to be smooth. A part of the lateral suture, consisting
at least four saddles and lobes are preserved on the side.
They gradually diminish in size toward the venter. All saddles
have rounded crest. The lateral lobes are trifid, the central
branches of them are deepest.

Based on the general shell shape and suture line, the
present specimens are considered to belong to the genus
Stacheoceras, but the specific identification is difficult
because of its poor state of preservation.

Occurrence.—The middle part of the Kashiwadaira
Member at G,-valley (T, Locality), Yaguki, lwaki City,
Fukushima Prefecture. Middle Permian (Wordian).

Family Cyclolobidae Zittel, 1895
Subfamily Kufengoceratinae Zhao,1980

Kufengoceratinae gen. and sp. indet.
Figs. 5.8a—b

Material —IGPS coll. cat. no. 112499.

Descriptive remarks.—A small, elliptically deformed and
flattened specimen is examined. It is involute to sub-involute
and apparently discoidal. The diameter of the shell attains
30.2 mm along the longest axis of the elliptically deformed
specimen, and the corresponding height and umbilical
diameter are ca. 14.0 (H/D = 0.46) and 4.4 mm (UD/D
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Figure 5. Ammonoids (Agathiceras, Stacheoceras and Kufengoceratinae gen. and sp. indet.) from the Takakurayama

Formation.

1-5, Agathiceras sp.; 1, IGPS coll. cat. no. 112483, ventro-lateral view; 2, IGPS coll. cat. no. 112484, lateral view; 3, IGPS
coll. cat. no. 112486, lateral view (3a) and suture line (3b); 4, IGPS coll. cat. no. 112487, lateral view; 5, IGPS coll. cat. no.
112488, lateral view; 6 and 7, Stacheoceras sp.; 6, IGPS coll. cat. no. 112497, lateral view of the outer mold and a part of the
inner mold (6a) and suture line (6b); 7, IGPS coll. cat. no. 112498, lateral views of fragmental inner mold of the ventro-lateral
part (7a) and suture line (7b); 8, Kufengoceratinae gen. and sp. indet., IGPS coll. cat. no. 112499, lateral view (8a), ventral
view (8b) and suture line (8c). Scale bars are 1 cm, unless otherwise stated.

= 0.15), respectively. The sides of the shell are broadly
rounded. The umbilical wall is steep with sharply rounded
umbilical shoulder. The venter is acutely rounded with
broadly rounded ventral shoulders. There are faint, rather
widely spaced, slightly prorsiradiate ribs or striations on the
shell surface. There are some variations in the thickness,
height and interspaces of the ribs. The fragmental lateral
suture consists of four saddles and three to four lobes.
The crests of saddles are all rounded. The lobes are rather
strongly serrated up to the upper part of the sides. The base
of the first lateral lobe has deep serrations, but bases of the
other lobes are not well preserved.

Based on the general shape of the suture line, the
present specimen is considered to belong to the subfamily
Kufengoceratinae, probably a species of the genus
Guiyangoceras Zhou, 1985, Liuzhouceras Zhao, 1980
or Paratongluceras Zhao and Zheng, 1977. The present
specimen has a discoidal conch shape and differs from
those of these kufengoceratids, which have pachyconic
to globular conch. This is, however, due to the tectonic
deformation. It is difficult to identify it at the generic level

because of its poor state of preservation, especially ill
preserved suture line.

Occurrence.—From the middle part of the Kashiwadaira
Member at G,-valley (T, Locality), Yaguki, Iwaki City,
Fukushima Prefecture. Middle Permian (Wordian).

Subfamily Cyclolobinae Zittel,1895
Genus Waagenoceras Gemmellaro, 1887
Type species.—Waagenoceras mojsisovicsi Gemmellaro,
1887

Waagenoceras sp.
Figs. 6.1-6.4

Material —IGPS coll. cat. no. 112500-112503.

Descriptive remarks.—Four specimens, elliptically
deformed, are examined. They are fragmental, except for the
largest specimen (no. 112500). The last specimen attains
a shell diameter about 120 mm in the obliquely deformed
state, and its corresponding height, width and umbilical
diameter are ca. 80, ca. 40 and ca. 157 mm, respectively.
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The shell flanks are broadly rounded with rounded umbilical
and ventral shoulders. The venter is also rounded. The shell
surface looks like smooth. The suture is partly preserved in
all specimens. It is typical Waagenoceras-type as shown in
Figure 6.1b, 6.2b, 6.3b and 6.4b.

Based on the general shell shape and the suture line,
the present specimens undoubtedly belong to the genus
Waagenoceras, but the species level identification is difficult
because of its poor and severely deformed preservation.

Occurrence.—All specimens are from the middle part of
the Kashiwadaira Member at G,-valley (T, Locality), Yaguki,
Iwaki City, Fukushima Prefecture. Middle Permian (Wordian).

Superfamily Marathonitoidea Ruzhentsev, 1938
Family Marathonitidae Ruzhentsev, 1938
Genus Jilingites Liang, 1982
Type species.—Jilingites bidentus Liang, 1982,

Jilingites cf. bidentus Liang
Figs. 6.5-6.8

cf. Jilingites bidentus Liang, 1982, p. 651, pl. 1, figs. 10-13,
text-fig. 6.

Material —IGPS coll. cat. no. 112504-112510.

Description.—Seven elliptically deformed specimens are
examined. The shell is small and its maximum diameter
ranges from 20 to 45 mm, but the largest specimen attains
at least 60 mm. Six specimens are consists of phragmocone.
The living chamber, occupying more than three quarters
of the last whorl, is only preserved in one specimen (no,
112507). The conch has convex sides with a rounded
venter and a very small to closed, shallow? umbilicus.
The ventral and umbilical shoulders are broadly rounded.
Although the original shell shape is not precisely known due
to the tectonic deformation, its cross-section is presumably
thickly discoidal and the maximum shell width is near the
umbilical two-thirds. The ornamentation of the shell surface
is not known, but the surfaces of inner molds are smooth.
The suture lines are partly preserved. The broad ventral
lobe is divided into two bifid prongs by rather high median
saddle, which is about four-fifth of the ventrolateral saddle.
On the lateral sides, there are four to five bifid lateral lobes
and rounded saddles, but the suture near the umbilicus is
not preserved. The lateral lobes are all similar shape and
diminish in size towards the umbilicus.

Comparison.—Two species of Jilingites have been
reported: Jilingites bidentus Liang, 1982 from the Wordian of
Jiling, North China and J. kesennumensis Ehiro and Araki,
1997 from the Capitanian of South Kitakami Belt, Northeast
Japan. One questionable specimen of Jilingites was also
reported from the Takakurayama Formation (Ehiro, 2008).

The present species is similar to the type species Jilingites
bidentus in the shell shape and smooth shell surface, but the
specimens are rather poorly preserved and deformed, and
some doubt remains in the specific identification.
Occurrence.—Specimens no. 112504 and 112505 are
from the lower part of the Kashiwadaira Member of the
Takakurayama Formation at B-valley (T, Locality), eastern
slope of Mt. Takakurayama, and specimens no. 112506—
112510 are from the middle part of the Kashiwadaira
Member at G,-valley (T, Locality), Yaguki, lwaki City,
Fukushima Prefecture. Middle Permian (Wordian).

Superfamily Neoicoceratoidea Hyatt in Zittel, 1900
Family Paragastrioceratidae Ruzhentsev, 1951
Subfamily Pseudogastrioceratinae Furnish, 1966
Genus Roadoceras Zhou, 1985
Type species.—Gastrioceras roadense Bose, 1919

Roadoceras cf. roadense (Bose)
Fig. 6.9

cf. Gastrioceras roadense Bose, 1919, p. 85, pl. 2 figs. 28—
47.

Paragastrioceras roadense (Bose). Plummer and Scott,
1937, p. 227, pl. 22, figs.15-17; Hayasaka, 1947, p.
27, pl. 1, fig. 4, pl. 2, fig. 3, text-fig. 4.

Pseudogastrioceras globulosissmum Plummer and Scott,
1937 (parts), p. 279, pl. 18 fig. 10.

Pseudogastrioceras roadense (Bose). Miller and Furnish,
1940, p. 89, pl. 16, figs.1-7, pl. 17, fig. 5, pl. 18 fig. 10,
11, pl. 28 figs. 1-3; Miller in King et al., 1944, p. 89, fig.
8, pl. 24, figs. 2, 3, pl. 25, figs. 1-6; Miller, 1945, p. 16,
pl. 6, figs. 3-5, pl. 7, figs. 1-3; Clifton, 1946, p. 558,
pl. 85, figs. 1, 2; Gonzalez-Arreola et al., 1994, p. 215,
pl.1, figs. i—k.

Altudoceras roadense (Bbose). Ruzhentsev, 1960, fig.
34a; Liang, 1982, p. 649, pl. 2, figs. 3—4, pl. 3, figs.
3-6, text-figs. 4a, 4b.

Roadoceras roadense (Bése). Zhou, 1985, p. 196; Zhou,
1987, p. 327; Glenister et al. in Furnish et al., 2009, p.
172, text-figs. 106.6a—6c¢.

Pseudogastrioceras zittelli Gemmellaro. Tokai Fossil
Society, 1995, p. 50.

Material.—IGPS coll. cat. no. 112511.

Description.—The shell is discoidal with rounded venter.
The sides are broadly convex, with acutely rounded
umbilical shoulder and broadly rounded ventral shoulder.
The maximum shell width is about the center of the flank.
The umbilicus is small with steep umbilical wall. The shell
attains about 30 mm in diameter with a ratio of UD/D = ca.
0.24. The shell surface is ornamented with fine spiral ribs. In
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Figure 6. Ammonoids (Waagenoceras, Jilingites and Roadoceras) from the Takakurayama Formation.

1-4, Waagenoceras sp.; 1, IGPS coll. cat. no. 112500, lateral view (1a), ventral view (1b) and part of the suture line (1c);
2, IGPS coll. cat. no. 112503, lateral view of the fragmental inner mold (2a) and suture line (2b); 3, IGPS coll. cat. no.
112501, cross section (3a) and ventral lobe (3b); 4, IGPS coll. cat. no. 112502, lateral view (4a) and suture line (4b); 5-8,
Jilingites cf. bidentus Liang; 5, IGPS coll. cat. no. 112505, ventral view (5a) and ventro-lateral suture line (5b); 6, IGPS coll.
cat. no. 112507, lateral view (6a) and suture line (6b); 7, IGPS coll. cat. no. 112508, lateral view (7a), ventral view (7b) and
suture line (7¢); 8, IGPS coll. cat. no. 112504, lateral view of the outer mold and a part of the inner mold; 9, Roadoceras cf.
roadense (Bose), IGPS coll. cat. no. 112511, lateral view. Scale bars are 1 cm, unless otherwise stated.

addition, there are 16-17, fine and short, radial ribs per half
volution, along the umbilical shoulder. They are prorsiradiate
and extend to the inner one-thirds of the flank, but become
indistinct forward. The suture line is not preserved.
Discussion.—This specimen is probably the same
specimen reported as Pseudogastrioceras zittelli

Gemmellaro, 1887 by Tokai Fossil Society (1995, p. 50).
Based on the general shell shape and ornamentation, the
present specimen is considered to belong to the genus
Roadoceras Zhou, 1985, and comparable with the type
species Roadoceras roadense (Bose, 1919). However,
| refrain from identifying it at the specific level precisely
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because of its ill state of preservation and lacking the suture
line.

Occurrence.—Lower part of the Kashiwadaira Member
of the Takakurayama Formation at B-valley (T, Locality),
eastern slope of Mt. Takakurayama, Yaguki, lwaki City,
Fukushima Prefecture. Middle Permian (Wordian).

Genus Neopopanoceras Schindewolf, 1939
Type species.—Popanoceras scrobiculatum Gemmellaro,
1887

Tauroceras Tumanskaia, 1938, non Hope, 1840 (modern
insect)

Neopopanoceras Schindewolf, 1939, non Spath, 1951
(Triassic ammonoid); Glenister et al., 2009

See “Nomenclatorial note” by Zhou and Glenister in
Furnish et al., 2009, p. 218.

Neopopanoceras cf. scrobiculatum (Gemmellaro)
Figs. 7.1-7.4

cf. Popanoceras scrobiculatum Gemmellaro, 1887, p. 25, pl.

3, figs. 22-26, pl. 8, fig. 26; Gemmellaro, 1888, p. 14,
pl. B, figs. 2—4, pl. C, figs. 9, 10; Frech, 1902, pl. 59a,
figs. 7a—7e; Ruzhentsev, 1951, text-fig. 56d; Miller et
al., 1957, L. 52, text-fig. 2-8; Termier et al., 1972, p.
114, pl. 17, figs. 5-8

Tauroceras scrobiculatum (Gemmellaro). Tumanskaia,
1938, p. 145, text-figs. 1-4; Ruzhentsev, 1960, p. 111,
text-fig. 1g; Glenister and Furnish, 1988, p. 45, pl. 3,
fig. 8, pl. 4, fig.12-13, text-fig.1; Leonova, 2002, S 95,
text-fig. 59; Zhou and Yang, 2005, p. 387, text-figs. 5.1,
5.2, 11.

Neopopanoceras scrobiculatum (Gemmellaro). Glenister
et al. in Furnish et al., 2009, p. 181, text-figs. 115.1a—
1f.

Material —IGPS coll. cat. no. 112512—112515.

Description.—Four small specimens, elliptically deformed,
are examined. They are mostly outer molds, but some
fragmental inner molds are also preserved. The maximum
conch diameters range from ca. 12 to 35 mm.

The shell is narrowly discoidal and evolute, with a
medium-sized umbilicus (the UD/D ratios are about one-
thirds). The flanks and venter are flattened with abruptly
rounded ventrolateral shoulders. Fine and dense radial ribs
are prominent on the umbilical wall to the venter, but are
rather inconspicuous on the flanks of the inner volution.
They are sinuous on the flanks and form a deep U-shaped
ventral sinus. At the midpoint of the flanks of the inner
volution, there are remarkable pits, which change in outline
from circular or longitudinally elongated to become radially

elongated as they grow. The suture is not preserved.
Discussion.—From the shell shape and ornamentation,
the present specimens undoubtedly belong to the genus
Neopopanoceras Schindewolf, 1939, and most probably
identified as N. scrobiculatum (Gemmellaro). But the precise
identification at the specific level is difficult since they are
poorly preserved and lacking the suture line.
Occurrence.—Middle part of the Kashiwadaira Member
of the Takakurayama Formation at G,-valley (T, Locality),
eastern slope of Mt. Takakurayama, Yaguki, lwaki City,
Fukushima Prefecture. Middle Permian (Wordian).

Order Prolecanitida Miller and Furnish, 1954
Superfamily Medlicottitoidea, Karpinsky, 1889
Family Medlicottidae Karpinsky, 1889
Subfamily Propinacoceratinae Plummer and Scott, 1937
Genus Propinacoceras Gemmellaro, 1887
Type species.—Propinacoceras Beyrichi Gemmellaro, 1887

Propinacoceras sp.
Figs. 7.5-7.8

Material —IGPS coll. cat. no. 112516, 112519-112522.

Descriptive remarks.—Five fragmental specimens are at
hand. The conch is thinly discoidal and involute with almost
closed umbilicus. The sides are flat and almost parallel to
each other, but slightly converge toward the umbilicus. The
venter is also flat, but bears two rows of prominent nodes
or short ribs, which are separated by a median groove.
The umbilical and ventral shoulders are acutely rounded.
The suture is only poorly preserved in one specimen (no.
112516). The ventrolateral saddle seems to be low and wide
with some serrations, but the precise shape is not known.
Lateral lobes are bifid or rounded at the base. All saddles
are rounded.

Based on the shell shape, shell ornamentation and
general shape of suture line, the present specimens seem to
belong to the genus Propinacoceras Gemmellaro, 1887. But
it is difficult to identify at the specific level, because of their
poor state of preservation.

Occurrence.—Lower and middle part of the Kashiwadaira
Member of the Takakurayama Formation at B-valley (T,
Locality: no. 112516) and G,-valley (T, Locality: no. 112519—
112522), eastern slope of Mt. Takakurayama, Yaguki, Iwaki
City, Fukushima Prefecture. Middle Permian (Wordian).

Propinacoceras? sp.
Figs. 7.9-7.11

Material. —IGPS coll. cat. no. 112517, 112518, 112523—
112536.
Descriptive remarks.—Many fragmental specimens are
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Figure 7. Ammonoids (Neopopanoceras, Propinacoceras, Propinacoceras? and Paraceltites) from the Takakurayama

Formation.

1-4, Neopopanoceras cf. scrobiculatum (Gemmellaro), all lateral views; 1, IGPS coll. cat. no. 112513; 2, IGPS coll. cat. no.
112512; 3, IGPS coll. cat. no. 112515; 4, IGPS coll. cat. no. 112514; 5-8, Propinacoceras sp.; 5, IGPS coll. cat. no. 112516,
lateral view (5a), ventral view (5b) and suture line (5c); 6, IGPS coll. cat. no. 112519, lateral (6a) and ventral (6b) views; 7,
IGPS coll. cat. no. 112520, lateral (7a) and ventral (7b) views; 8, IGPS coll. cat. no. 112521, lateral (8b) and ventral (8b)
views; 9—11, Propinacoceras? sp.; 9, IGPS coll. cat. no. 112523, lateral (9a) and ventral (9b) views; 10, IGPS coll. cat. no.
112524, lateral view; 11, IGPS coll. cat. no. 112525, lateral (11a) and ventral (11b) views; 12—14, Paraceltites cf. elegans
Girty, all lateral views; 12, IGPS coll. cat. no. 112537; 13, IGPS coll. cat. no. 112538; 14, IGPS coll. cat. no. 112539 (14a)

and 112540 (4b). Scale bars are 1 cm, unless otherwise stated.

at hand. Most specimens are small fragment of the ventral
part. The fragmentation is considered to be almost occurred
during the sampling process. The conch is thinly discoidal
with flat and parallel sides. The venter is also flat, with two
rows of prominent nodes or short ribs, which are separated
by a median groove. The ventral shoulders are acutely
rounded.

The present specimens are likely to belong to the genus
Propinacoceras Gemmellaro, 1887, because they yielded

with Propinacoceras specimens and having the same shell
shape and shell ornamentation with the genus. There is,
however, another possibility that these species belong
to any genera of subfamily Propinacoceratinae, such as
Bamyaniceras Termier and Termier, 1970 and Difuntites
Glenister and Furnish, 1988 by their shell shape and
ornamentation.

Occurrence.—Lower and middle part of the Kashiwadaira
Member of the Takakurayama Formation at B-valley (T,
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Locality: no. no. 112517, 112518) and G,-valley (T, Locality:
no. 112523-112536), eastern slope of Mt. Takakurayama,
Yaguki, Iwaki City, Fukushima Prefecture. Middle Permian
(Wordian).

Order Ceratitida Hyatt, 1884
Superfamily Xenodiscoidea Frech, 1902
Family Paraceltitidae Spath, 1930
Genus Paraceltites Gemmellaro, 1887
Type species.—Paraceltites elegans Girty, 1908

Paraceltites cf. elegans Girty
Figs. 7.12-7.14

cf. Paraceltites elegans Girty, 1908, p. 499, pl. 25, figs.
12—14; Plummer and Scott, 1937, p. 367, pl. 37, figs.
1-8; Miller and Furnish, 1940, p. 67, pl. 22, figs. 1-10,
text-fig. 17B; Yanagisawa, 1967, p. 103, pl. 3, fig. 11;
Spinosa et al., 1975, p. 249, pl. 1, pl. 2, figs. 1-7, pl.
3, figs. 1-9, text-figs. 3, 4, 5C, 10A, 11, 12; Zhao and
Zheng, 1977, p. 248, pl. 5, figs. 11, 12; Liang and Guo,
1982, p. 278, pl. 106, figs. 8, 9; Zheng, 1984, p. 191,
pl. 1, figs. 1-7, text-figs. 8a, 8b; Misaki and Ehiro,
2004, p. 136, fig. 8.3; Ehiro and Misaki, 2005, p. 11,
figs. 6.8-6.9.

Material —IGPS coll. cat. no. 112537-112540.

Descriptive remarks.—Four elliptically deformed
specimens are examined. They are mostly outer mold and
the maximum shell diameter ranges from 14 to 29 mm. The
shells are evolute, with the ratios of UD/D about 0.5, and
thinly discoidal with nearly flat to slightly convex sides. The
umbilicus is shallow and the umbilical shoulder is acutely
rounded. The venter seems to be rounded with rounded
ventral shoulders. The shell surface is ornamented by fine
sinuous ribs, which fade out near the ventral shoulder. The
suture is not preserved.

Based on the shell shape and the surface ornamentation,
the present specimens are comparable with Paraceltites
elegans Girty, 1908. The precise specific identification,
however, is difficult, because they are rather poorly
preserved and the suture is unknown.

Occurrence.—Middle part of the Kashiwadaira Member
of the Takakurayama Formation at G,-valley (T, Locality),
eastern slope of Mt. Takakurayama, Yaguki, lwaki City,
Fukushima Prefecture. Middle Permian (Wordian).

Discussion
Faunal composition of cephalopods from the

Takakurayama Formation
As discussed in the stratigraphic section, cephalopod

fossils of the Takakurayama Formation came from three
horizons: the lower part (T,: B-valley) and middle part (T-:
G,-valley, and T4: H-valley) of the Kashiwadaira Member.
The T Locality is isolated and its exact stratigraphic relation
with T; Locality is unknown. In this paper, eight species
belonging to four genera of coiled nautiloids, including
some questionable ones, and nine species belonging
to eight genera of ammonoids and an indeterminable
Kufengoceratinae are described from the T, and T,
localities. In the ammonoid fauna, Propinacoceras (including
questionable ones) is most abundant (more than twenty
specimens) and Agathiceras is the second (eleven). Others
are less than six specimens each. The faunal compositions
of the two horizons are as follows:

T, Locality:

Nautiloids: Pleuronautilus chisatoi sp. nov.,
Pleuronautilus cf. gregarius (Miller)

Ammonoids: Agathiceras sp., Jilingites cf. bidentus
Liang, Roadoceras cf. roadense (Bose),
Propinacoceras sp., Propinacoceras? sp.

T, Locality:

Nautiloids: Tainoceras cf. abukumaense Hayasaka,
Tainoceras sp., Pleuronautilus cf. gregarius (Miller),
Pleuronautilus sp., Pleuronautilus? sp., Endolobus?
sp., Domatoceras sp.

Ammonoids: Agathiceras sp., Stacheoceras
sp., Kufengoceratinae gen. and sp. indet.,
Waagenoceras sp., Jilingites cf. bidentus Liang,
Neopopanoceras cf. scrobiculatum (Gemmellaro),
Propinacoceras sp., Propinacoceras? sp.,
Paraceltites cf. elegans Girty

In addition, some coiled nautiloid species have been
described from the Takakurayama Formation. Hayasaka
(1957, 1965) described Tainoceras abukumaense Hayasaka,
T. aff. unklesbayi Miller and Youngquist and Tylonautilus
permicus Hayasaka. Yanagisawa (1967) reported
Foordiceras gregarium (Miller) (= Pleuronautilus gregarius).
The last specimen is, however, very poorly preserved, and
fragmental, so its specific identification seems to be difficult.
These species are collected from the T, Locality.

Ehiro (2008) described five genera of ammonoids from
the T, Locality: Agathiceras, Jilingites?, Waagenoceras,
Popanoceras and Tauroceras (= Neopopanoceras). He also
reviewed and arranged the ammonoid fauna previously
reported from the Takakurayama Formation by Hayasaka
(1965), Yanagisawa (1967), Koizumi (1975), Tokai Fossil
Society (1995) and Tazawa et al. (2005), and recognized
17 species belong to 13 genera and a questionable
Medlicottidae from the formation. They are:

T, Locality: Roadoceras sp., Paraceltites aff. elegans
Girty

T, Locality: Agathiceras cf. suessi Gemmellaro,
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Agathiceras sp., Popanoceras sp., Tauroceras sp.
(= Neopopanoceras), Stacheoceras aff. grunwaldti
Gemmellaro, Waagenoceras sp., Mexicoceras?
sp., Newellites richardsoni (Miller and Furnish),
Jilingites? sp., Altudoceras sp., Propinacoceras
aff. knighti Miller and Furnish, Propinacoceras
sp., Medilicottia cf. costellifera Miller and Furnish,
Medlicottidae? gen. and sp. indet., Paraceltites sp.

T, Locality: Paraceltites elegans Girty

However, some doubt remains on the specific
assignments of the genera Agathiceras, Stacheoceras and
Medlicottia, because they are ill preserved and severely
deformed. And, moreover, the generic assignment of
Medlicottia by Yanagisawa (1967) is questionable, since it is
fragmental, deformed specimens without suture line.

Later, Fujikawa and Suzuki (2011) reported some
ammonoids from the T, Locality, such as Thalassoceras?
sp., Agathiceras sp., Paragastrioceras? sp. and Artinskia sp.
This generic identification has, however, some problems.
The specimens assigned to Thalassoceras? sp. and
Paragastrioceras? sp. are rather ill preserved to identify it
at the generic level. Moreover, generic identification of their
Artinskia specimens is questionable. Because, according to
their figures, 1) these specimens have two rows of nodes
on the venter to ventral shoulder, and they do not extend to
the lateral part. 2) Although it is only partly preserved, the
ventrolateral saddle of the external suture is simple and low.
These features, especially the shape of the ventrolateral
saddle of the suture, completely differ from those of the
genus Artinskia, and, instead, indicate that these specimens
belong to any genera of subfamily Propinacoceratinae,
such as Bamyaniceras Termier and Termier, 1970,
Difuntites Glenister and Furnish, 1988 and Propinacoceras
Gemmellaro, 1887.

Therefore, the generic compositions of each cephalopod
locality in the Kashiwadaira Member of the Takakurayama
Formation are as follows:

T, Locality: Pleuronautilus, Agathiceras, Jilingites,
Roadoceras, Propinacoceras and Paraceltites.

T, Locality: Tainoceras, Pleuronautilus, Endolobus?,
Domatoceras, Agathiceras, Stacheoceras,
Kufengoceratinae, Waagenoceras, Mexicoceras?,
Newellites, Jilingites, Popanoceras,
Neopopanoceras, Altudoceras, Propinacoceras,
Medlicottia? and Paraceltites.

T, Locality: Paraceltites.

Of the cephalopod faunas from the Takakurayama
Formation, the fauna of the T, Locality is rather diverse,
whereas the rest are less variety. Genera of the T, and Tg
localities are, except for Roadoceras, included in the fauna
of the T, Locality, and there is no remarkable difference in
generic compositions in these faunas.

Age of the cephalopod fauna and Takakurayama
Formation

Of the nautiloid genera of the Kashiwadaira Member,
including the previously described ones, Tainoceras,
Pleuronautilus and Domatoceras are long ranging from Late
Carboniferous to Permian or Triassic. Tylonautilus is rather
rare genus and only known from the Lower Carboniferous
and from the Takakurayama Formation. The stratigraphic
range of the genus Endolobus is generally considered to
be restricted in the Kungurian. Occurrences of Endolobus,
however, have also been reported from the Wuchiapingian of
South China (Zhao et al., 1978) and from the Changhsingian
of South China and Iran (Korn et al., 2019). They were not
described, but their conch parameters were shown in table
S1 of Korn et al. (2019).

The present paper confirmed the occurrences of
eight genera of ammonoid (Agathiceras, Stacheoceras,
Waagenoceras, Jilingites, Neopopanoceras, Roadoceras,
Propinacoceras and Paraceltites) and added
Kufengoceratinae gen. and sp. indet. in the ammonoid
fauna of the Takakurayama Formation arranged by Ehiro
(2008). In addition, five genera have also been known from
the formation: Mexicoceras?, Newellites, Popanoceras,
Altudoceras and Medlicottia?

As discussed by Ehiro (2008), the ammonoid fauna from
the Takakurayama Formation is Wordian in age. Additional
Kufengoceratinae does not conflict with this conclusion,
because it ranges from the Roadian to Capitanian
(Lopingian?). Fujikawa and Suzuki (2011) reported some
ammonoids from the T, Locality, including Artinskia sp.,
and concluded that this fauna indicates an Early Permian
(Sakmarian—Artinskian) age. As discussed above, however,
their generic identification of their Artinskia specimens
is incorrect, and it belongs to any genera of subfamily
Propinacoceratinae, most probably Propinacoceras, which
ranges up to the middle—upper Permian.

Among the Takakurayama ammonoids, Jilingites (ranges
from Wordian to Capitanian), Waagenoceras (Wordian to
Capitanian), Newellites (Wordian), Mexicoceras (Roadian to
Wordian), Altudoceras (Roadian to Capitanian), Roadoceras
(Wordian to Wuchiapingian) and Neopopanoceras (Wordian)
strongly support the Wordian age of the fauna.

On the other hand, Tazawa et al. (2005, 2015) regarded
almost all fossils from the Takakurayama Formation are
reworked, except for very few brachiopod specimens which
are considered to be Lopingian in age. As discussed by
Ehiro (2008), this interpretation has no sedimentological
evidence. The Takakurayama Formation includes some
pebbly mudstone, but the fossil horizons are composed of
massive or sharply laminated mudstone. Almost all fossils,
such as ftrilobites, brachiopods, gastropods, bivalves,
nautiloids and ammonoids, except for some fusulinoideans
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and corals from the limestone pebbles and boulders in
the Motomura Member, have similar state of preservation.
They are usually well preserved, although suffered severe
tectonic deformation. Some specimens are fragmental,
but this is mainly due to the damage during the sampling
process. Therefore, the age of the Takakurayama Formation
(Kashiwadaira Member) is Wordian as shown by the
ammonoid fauna. | think there is a large possibility that these
“Lopingian” brachiopods actually range down into the Middle
Permian.

The Takakurayama fauna, comprising four genera of
nautiloid and fourteen genera of ammonoid, is the most
diverse Wordian cephalopod fauna in Japan. It is far more
than a next diverse fauna from the uppermost part of the
Hosoo Formation, which is composed of six ammonoid
genera (Ehiro, 2010) with some nautiloids, distributed in the
southern part of the Kitakami Massif, also belongs to the
South Kitakami Belt.
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Abstract: The Triassic Fukkoshi Formation is integral to clarifying the Olenekian/Anisian boundary
in the South Kitakami Belt, Northeast Japan, because it overlies conformably the Olenekian Osawa
Formation and one hand is covered by the Anisian Isatomae Formation. The middle and upper
parts of the Fukkoshi Formation distributed in the Kamiwarizaki area yield abundant ammonoids
consisting of over 30 species belonging to 21 genera, including one new genus Psilokhvalynites
and four new species, Parapopanoceras involutum, Psilokhvalynites takaizumii, Paracrochordiceras
watanabei and Paradanubites ozashiense. The Fukkoshi ammonoid fauna is dominated in
the genera Leiophyllites (very abundant), Paradanubites, Danubites and Paracrochordiceras,
and, in addition, characterized common occurrences of those belonging to the families
Parapopanoceratidae, Japonitidae and Longobarditidae. Although it includes some Olenekian-type
genera, such as Hemilecanites, Pseudosageceras and Metadagnoceras, the majority of the fauna
are early Anisian (Aegean) genera and species. Therefore, the fauna is early Anisian in age, and the
Olenekian/Anisian boundary is considered to locate somewhere in the lower part of the Fukkoshi
Formation. The generic composition of the Fukkoshi Aegean ammonoid fauna has similarities with
those of some localities located in the low-latitude regions of the Tethys and Panthalassa, especially

with that of Qinghai, west China.

Introduction

The Triassic Fukkoshi Formation is the third formation of
the Lower—Middle Triassic Inai Group in the South Kitakami
Belt, Northeast Japan, which is distributed widely in the
southern part of the Kitakami Massif (Figure 1). The group
is composed of a continuous, fossiliferous, shallow marine
(partly alluvial to nearshore marine) clastic sediments, and
therefore, one of the most important reference sequences
of the Lower—Middle Triassic of Japan. It consists of the
Hiraiso, Osawa, Fukkoshi and Isatomae formations, in
ascending order (Onuki and Bando, 1959: Figure 2). The
Osawa and Isatomae formations are rich in ammonoids, and
many late Olenekian and Anisian—(Ladinian) ammonoids,
respectively, have been known. The Fukkoshi Formation
locates stratigraphically between them and, therefore,
is important to elucidate the stratigraphic position of the
Olenekian/Anisian boundary (OAB) in the South Kitakami
Belt. The Fukkoshi Formation is, however, almost baren
of ammonoid, since it is dominated in sandstone. Very

few ammonoids have been described or reported from the
Fukkoshi Formation until now, but it still remains doubtful
about the stratigraphic position and taxonomy of these
specimens, as discussed below.

Recently, new ammonoid localities of the Fukkoshi
Formation were found in the Kamiwarizaki area, the border
area of the north-side Minamisanriku Town and south-
side Kitakami-cho of Ishinomaki City, Miyagi Prefecture.
The ammonoid fauna is rather diverse and were collected
definitely from some horizons belong to the middle to upper
part of the formation. This paper describes these ammonoids
and discusses its biostratigraphical and biogeographical
significances.

Stratigraphy of the Fukkoshi Formation and its
biostratigraphic problems

The Fukkoshi Formation, 200 to 300 meters in total
thickness, consists mostly of sandstone and alternating
beds of sandstone and mudstone, with minor amount of
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Figure 1. Index map (A) and simplified geologic map of the Southern Kitakami Massif (South Kitakami Belt), Northeast
Japan, showing the distribution of the Lower-Middle Triassic Inai Group and study area (Fig. 2) (B). Longitude
and latitude are from the International Terrestrial Reference Frame. Thick solid and broken lines are faults.
NDB: Nedamo Belt, NKB: North Kitakami Belt, SKB: South Kitakami Belt. Localities 1-4 are related ammonoid
localities: see text.

mudstone. It overlies conformably the Osawa Formation, = Twenty-seven ammonoid genera have been described from
and in turn is covered conformably by the Isatomae the formation (e.g. Bando and Shimoyama, 1974; Ehiro et
Formation. al., 2016; Ehiro, 2022 in press). The lower to middle part

The Osawa Formation is dominated in laminated of the formation, the Subcolumbites Zone of Bando and
mudstone (250 to 350 m thick), and yields rich ammonoids. = Shimoyama (1974), yields Columbites parisianus Hyatt



Early Anisian (Aegean) ammonoids from the Fukkoshi Formation, South Kitakami Belt, Northeast Japan 41

and Smith and Subcolumbites perrinismithi (Arthaber),
associated with such genera as Hemilecanites, Albanites,
Pseudosageceras, Tardicolumbites, Yvesgalleticeras,
Hellenites, Metadagnoceras, Procarnites, Olenekoceras,
Nordophiceratoides, etc. The lower part of the upper part,
the Arnautoceltites Zone of Bando and Shimoyama (1974),
contains Arnautoceltites, Nordophiceras, Prenkites, etc.
These two zones are correlated with the upper Olenekian
(Bando and Shimoyama, 1974; Ehiro et al., 2016). Ehiro
(2022 in press) proposed a new ammonoid zone, the
Eodanubites Zone, in the uppermost part of the formation,
based on the section at the south of Asadanuki (Loc. 1 in
Figure 1). It consists of Olenekian genera Eodanubites,
Pseudosageceras, Ceccaisculitoides and Procarnites,
associated with Japonites and Procladiscites. The latter two
genera are common in the Anisian, but already appeared in
the latest Olenekian strata, and therefore, the Eodanubites
Zone is correlated with the uppermost Olenekian (Ehiro,
2022 in press).

Recently, Shigeta (2022 in press) re-examined some
ammonoid species reported from the lower to middle part
(Subcolumbites Zone) of the Osawa Formation by Bando
and Shimoyama (1974), and concluded that Columbites
parisianus, Subcolumbites perrinismithi and Eophyllites
cf. dieneri, collected from the Motoyoshi area, should be
attributed to Hellenites tchernyschewiensis Zakharov, H.
inopinatus Kiparisova, Neocolumbites grammi Zakharov, N.
insignis Zakharov, Procolumbites ussuriensis (Zakharov)
and P. subquadratus Zakharov. Even in such case, this
fauna is compared with that of the N. insignis Zone of South
Primorye, Russian Far East, and correlated to the upper
Olenekian (Spathian) as a conventional one.

The Fukkoshi Formation is composed of thick sandstone
and alternating beds of sandstone and mudstone, with total
thickness of 200-300 m. According to Kamada (1984) these
sandstones of the Fukkoshi Formation were deposited
as a submarine fan complex. Because of its sandstone
dominated facies, the Fukkoshi Formation is almost baren
of ammonoids. Only some Anisian species, Gymnites cf.
watanabei (Mojsisovics), Hollandites sp. and Balatonites
cf. kitakamicus (Diener), reported by Shimizu (1930), were
designated to come from the middle part of the Fukkoshi
Formation (Onuki and Bando, 1959). However, there are
some doubts about the stratigraphic position and locality
of these ammonoids (Ishibashi, 2006) and reexamination
is needed. The locality of Shimizu (1930)’'s ammonoids
was positioned by Onuki and Bando (1959) to the east of
Yanaizu (Loc. 3a in Figure 1), where the Fukkoshi Formation
is distributed. But, according to the attached label of
Balatonites cf. kitakamicus specimen (IGPS coll. cat. no.
36530) by Shimizu (1930), the locality is “Road side near
the southern end of Yanaizu Town”. The southern end of

Yanaizu Town in 1930 is located about 4 km to the south of
Yanaizu (Fig. 1, loc. 3b), not to the east, and therefore exact
stratigraphic horizon of these ammonoids is unknown.

On the other hand, ammonoid specimens, Danubites aff.
ambica Diener, Danubites sp., Leiophyllites cf. pitamaha
(Diener) and L. aff. pradyumna (Diener), described from a
locality at Konori (Konori-hama), Onagawa Town (Bando,
1970; Loc. 4 in Figure 1), which are considered to come from
the Osawa Formation, may actually belong to the Fukkoshi
Formation. Bando (1970) stated that these ammonoids
were collected from the alternating beds of the uppermost
part of the Osawa Formation, but these alternating beds
may lithologically belong to the Fukkoshi Formation. In fact,
Working Group on the Permian-Triassic Systems (1975, p.
172), the members of which include Y. Bando, regarded the
horizon of these ammonoids as the Fukkoshi Formation.
The outcrop at Konori, however, was lost when the
reconstruction work of “2011 off the Pacific coast of Tohoku
Earthquake” was extended, and the effective re-examination
is impossible.

Thus, the reliability of the ammonoid stratigraphy,
considered to come from the Fukkoshi Formation until now,
is insufficient.

The Isatomae Formation is more than 1,000 m thick and
consists of sandy laminated mudstone, often with thick
sandstones or alternating beds of sandstone and mudstone.
Many Anisian ammonoids have been described from the
formation by Mojsisovics (1888), Diener (1916a), Shimizu
(1930) and others. The fauna comprises such genera
as Hollandites, Danubites, Gymnites, Japonites, Sturia,
Balatonites, Ussurites, Leiophyllites, etc. These ammonoids
are mostly from the middle part of the formation and those
from the lower part are rare. Ishibashi (2006) reported,
although not yet described, some species collected from
the basal part of the formation at Kudanohama in Utatsu
area (Loc. 2 in Figure 1). He set two ammonoid zones
in the basal part: the Grambergia kitakamiensis Zone
below and the Lenotropites isatomaensis—Leiophyllites cf.
pseudopradyumna Zone above. The former zone yields
Grambergia kitakamiensis Ishibashi (MS), Grambergia
sp., Tropigastrites cf. lahontanus Smith and Ussurites
sp. The latter consists of Lenotoropites isatomaensis
Ishibashi (MS), Leiophyllites pseudopradyumna (Welter)
and Paracrochordiceras sp. These Kudanohama ammonoid
zones probably corresponds to the Lenotropites—Japonites
Zone (Aegean: lowermost Anisian) of Qinghai, China
(He et al., 1986), Japonites welteri beds to Lenotropites
caurus Zone (lower Anisian) of Nevada (Bucher, 1989),
Paracrochordiceras—Japonites beds (Aegean) of Desli Caira
Hill, Romania (Gradinaru et al., 2007) and Chios (Assereto,
1974; Fantini Sestini, 1981).
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Materials and the stratigraphy of the new
ammonoid localities

Ammonoids specimens described here were collected
from the middle to upper part of the Fukkoshi Formation
distributed in the Kamiwarizaki area (Figure 1). In this area,
strata of the Inai Group, from the middle part of the Hiraiso
Formation to the lower part of the Isatomae Formation,
distribute parallel to the eastern coast of Kamiwarizaki
(Figure 2A), striking nearly N-S and dipping 45°-70° westerly.

Nearly continuous sections of the Fukkoshi Formation crop
out along the southern and northern coasts, but the outcrops
are rather rare and imperfect in the inland area. Along the
southern coast (a-a’ section in Figure 2B), the basal part of
the Fukkoshi Formation, consisting of the alternating beds of
sandstone and mudstone, conformably covers the laminated
mudstone of the underlying Osawa Formation. The lower
part of the formation (about 65 m thick) is dominated in
massive sandstone and sandstone dominated alternating
beds of sandstone and mudstone, but intercalating with thin
alternating beds or mudstone dominated alternating beds of
sandstone and mudstone (about 22 m) in the lower part. The
middle part (about 34 m) is composed of laminated or poorly
laminated mudstones, intercalating with thin sandstone beds
(ca. 1.5 m thick, consisting of alternating beds of sandstone
and mudstone, and sandstone) in the uppermost part (from
ca. 4.5 m to 3 m below the top). Ammonoid horizons Fk-
1a, Fk-1b and Fk-1c are in this mudstone beds (located
at 38°36'18"N, 141°30'59"E). Horizon Fk-1c is situated
about 7-8 m above the base of the mudstone. Fk-1a and
Fk-1b are in the uppermost part of the mudstone beds
and separated by the above-mentioned sandstone beds.
Fk-1a has an interval (1.5 m thick) from ca. 2 m to 0.5 m
below the intercalating sandstones, and Fk-1b has ca. 2
m interval immediately above the sandstone (Figure 2B).
The upper part of the formation is about 75 m in thickness
and dominated in sandstone. Thin (usually less than 3 m)
mudstone beds are often intercalated in the lower part, and
about 7 m mudstone dominated part are in the upper part.
The last mudstone beds are separated into the lower and
upper parts by thin sandstone. The ammonoid horizon Fk-
2a and Fk-2b (located at 38°36'19"N, 141°30'56"E) are
situated in the lower and upper parts of this mudstone beds,
respectively (Figure 2B).

Along the old forest road (b-b’ section in Figure 2B) to
the northwest of Ozashi, rather thick mudstone beds (20
m+ thick) are sporadically cropped out, dipping steeply
to the west. This mudstone beds are situated above the
sporadically distributed sandstone beds and are correlated
with the mudstone dominated part (middle part) of the a-a’
section. From the upper part of this beds, two ammonoids
were collected (Horizon Fk-3a and 3b: 38°36'53"N,

141°31'8"E).

Nearly continuous section of the Fukkoshi Formation
can also be observed along the northern coast, east of
Terahama (c-c’ section in Figure 2B). Although some parts
are missing or hardly accessible, the total thickness of the
formation is estimated to be about 240 m, which is slightly
thicker than that along the southern coast. In this section,
the lower (about 110 m) and upper (ca. 90 m) parts of the
Fukkoshi Formation are composed mainly of sandstone
and alternating beds of sandstone and mudstone, with
minor amount of mudstone intercalations. The middle
part (ca. 35 m thick) consists of laminated mudstone. This
mudstone dominated part is stratigraphically correlated with
the middle mudstone dominated part along the southern
coast, although no ammonoid fossil has been collected
here. Some mudstone intercalations in the upper part yield
ammonoids: Fk-4 and Fk-5 (38°38'9"N, 141°31'26"E), and
Fk-6 (38°38"10"N, 141°31'25"E) (Figure 2B). Fk-4 yields only
one poorly preserved, undeterminable specimen, so it will
not be covered here.

The precise correlation of thin mudstone intercalations
in the upper part of the formation between those distribute
along the southern and northern coasts is difficult, because
of lateral facies change and thickness change of each bed.
But, considering their relative stratigraphic positions, the
horizon Fk-2a and Fk-2b seem to be roughly correlated with
Fk-6.

Ammonoid specimens studied in this paper were buried
in mudstone beds with their plane of symmetry lying
mostly parallel to the bedding plane. Many specimens
are preserved only their lower half due to probably
the synsedimentary erosion. Some specimens having
extremely narrow shell, such as ones belong to the genera
Pseudosageceras, Psilokhvalynites, Arctohungarites and
Leiophyllites, sometimes hold both sides of the shell, but it is
difficult to measure their exact shell width, because they had
suffered from severe tectonic flattening. Thin film-like pyrite
crystals are sometimes formed on the outer or inner shell
surfaces.

Systematic description

The specimens described here are all kept in the Tohoku
University Museum (Institution abbreviation: IGPS = Institute
of Geology and Paleontology, Tohoku University, Sendai).
Systematic descriptions basically follow the classification
established by Tozer (1981, 1994) and terminology of conch
shape (umbilical width) follows Korn (2010). The following
abbreviations are used in the descriptions: D = diameter
of whorl, H = height of whorl, W = width of whorl, UD =
diameter of umbilicus.
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Order Ceratitida Hyatt, 1884
Superfamily Xenodiscoidea Frech, 1902
Family Hemilecanitidae Guex et al., 2010

Genus Hemilecanites Spath, 1934

Type species.—Lecanites discus Arthaber, 1908.

Hemilecanites discus (Arthaber, 1908)
Figures 3.1, 3.2

Lecanites discus Arthaber, 1908, p. 268, pl. 11, figs. 5a—c;
Renz and Renz, 1948, p. 55.

Hemilecanites discus (Arthaber), Spath, 1934, p. 135, pl.
13, figs. 7a—7d; Kummel in Arkell et al., 1957, p. L136, fig.
169-3; Chao, 1959, p. 41, pl. 3, figs. 1, 2; Kummel, 1969,
p. 374, pl. 25, figs. 9, 10, text-fig. 4-E; Ehiro et al., 2016, p.
93, figs. 2.1-2.3.

Material examined.—Two specimens, IGPS coll. cat. nos.
112546 and 112547.

Descriptive remarks.—The conch is evolute and
compressed, with lenticular cross section. They attain more
than 23 (no. 112547) and 27 mm (no. 112546) in maximum
diameter, but the last volution of each conch is not well
preserved. It consists of phragmocone and living chamber,
the latter occupies about one volution. In specimen no.
112547, at a diameter of ca. 20 mm, the corresponding
height and umbilical diameter are ca. 6.0 and 8.8 mm
(UDID = 0.44), respectively. In specimen no. 112546, the
height and umbilical diameter at D = ca. 27 mm are ca. 7.5
and 13.3 mm (UD/D = 0.49), respectively.

The flanks are broadly convex to nearly flat, with broadly
rounded umbilical and ventral shoulders. The maximum
width is at about the center of the flank. The venter is not
well preserved. The umbilicus is shallow. The shell surface
seems to be smooth. The external lateral suture is partly
preserved. It is goniatitic and consists of three rounded
saddles and three probably rounded lobes. Sides of lobes
are nearly parallel. The saddles and lobes diminish in size
slightly towards the umbilicus.

Although the sutural trace differs slightly from that of the
type specimen of Hemilecanites discus (Lecanites discus
Arthaber, 1908), the general shell shape and dimensions
of the present specimens are similar to those of the type
specimen from the late Olenekian of Albania (Arthaber,
1908, p. 268, pl. 11, figs. 5a—c). The species of the genus
Hemilecanites have mostly been known from the late
Olenekian strata, but H. cf. paradiscus Kummel were
described from the Lower Anisian Japonites welteri beds,
NW. Nevada (Bucher, 1989, p. 961, pl.6, figs. 7-8, text fig. 3).

Occurrence.—Both specimens are from the middle
part (Fk-1b) of the Fukkoshi Formation at the south of

Ozashi, Jusanhama, Kitakami-cho, Ishinomaki City, Miyagi
Prefecture.

Superfamily Sageceratoidea Hyatt, 1884
Family Sageceratidae Hyatt 1884
Genus Parasageceras Welter, 1915

Type species.—Parasageceras discoidale Welter, 1915.

Parasageceras aff. discoidale Welter
Figures 3.3, 3.4

aff. Parasagecers discoidale Welter, 1915, p. 113, pl. 89, fig.
4; Kutassy, 1932, p. 608; Spath, 1934, p. 62, text-figs.
9a-9c.
Parasagecers aff. discoidale Welter, Spath, 1934, p. 62.

Material examined.—Two specimens, IGPS coll. cat. nos.
112548 and 112549.

Description.—The specimen no. 112548 consists
largely of a phragmocone with a part of body chamber.
The conch diameter attains about 25 mm in the obliquely
deformed state. The umbilicus is not well preserved, but
very small. Another specimen (no. 112549) is composed
of phragmocone and body chamber, the latter of which
occupies about three-fourth of the last whorl. It attains a
diameter of ca. 21.5 mm, and corresponding height and
umbilical diameter are 12.2 and 2.2 mm (UD/D = 0.10),
respectively. The sides of both specimens are nearly flat,
with broadly rounded umbilical shoulder and acute ventral
shoulder. The venter seems to be flat. Faint, slightly
sigmoidal fine ribs, projected and most distinct near the
ventral shoulder, are on the sides.

The ventral lobe is shallow and divided into two, simple,
pointed prongs by a low, rounded, median saddle. The first
lateral lobe is widest and has four irregular denticulations
at the base. A denticulation situated on the ventral side is
most remarkable. The second to sixth lateral lobes are bifid,
and the followings (more than three, probably eight or more)
have rounded base. The second lobe has nearly the same
width as the first, but slightly small and shallow. The second
lateral saddle is as large as the first and highest. The other
saddles and lobes diminish in size toward the umbilicus.
Almost lateral saddles have rounded crest, except for the
sixth, which is slightly wider than the surrounding ones and
divided into two parts by a shallow depression.

Comparison.—The shell shape and surface ornamentation
of the present species are similar to those of Parasagec-
ers discoidale Welter, 1915 from the Anisian of Timor. But
the present species differs from the Timor species in having
more flexosus ribs, and in having complex first lateral lobe.

Occurrence.—Middle part (Fk-1a: no. 112548 and Fk-
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Figure 3. Hemilecanites, Parasageceras, Pseudosageceras and Megaphyllites from the Fukkoshi Formation in the
Kamiwarizaki area, South Kitakami Belt, Northeast Japan.
1 and 2, Hemilecanites discus (Arthaber); 1, IGPS coll. cat. no. 112546; 1a, lateral view; 1b, suture line; 2,
IGPS coll. cat. no. 112547; 2a, lateral view; 2b, suture line; 3 and 4, Parasageceras aff. discoidale Welter; 3,
IGPS coll. cat. no. 112548; 3a, lateral view; 3b, suture line; 4, IGPS coll. cat. no. 112549, lateral view; 5-7,
Pseudosageceras multilobatum Noetling; 5, IGPS coll. cat. no. 112550; 5a, lateral view; 5b, suture line; 6, IGPS
coll. cat. no. 112551, 6a, lateral view; 6b, suture line; 7, IGPS coll. cat. no. 112552, lateral view; 8, Megaphyllites
sp., IGPS coll. cat. no. 112664; 8a, lateral view; 8b, suture line. Scale bars are 1 cm unless otherwise stated.

1b: no. 112549) of the Fukkoshi Formation at the south of Type species.— Pseudosageceras sp., Diener, 1895a.
Ozashi, Jusanhama, Kitakami-cho, Ishinomaki City, Miyagi
Prefecture. Pseudosageceras multilobatum Noetling

Figures 3.5-3.7
Family Hedenstroemiidae Waagen, 1895

Genus Pseudosageceras Diener, 1895a Pseudosageceras sp., Diener, 1895 a, p. 28, pl. 1, fig. 8.
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Pseudosageceras multilobatum Noetling, 1905a, p. 181,
pls. 19-27; Noetling, 1905b, pl. 23, fig. 4, pl. 25, fig. 1,
pl. 26, fig. 3; Arthaber, 1908, p. 279, pl. 12, fig. 3; Krafft
and Diener, 1909, p. 145, pl. 21, fig. 5; Wanner, 1911, p.
181, pl. 7, fig. 4; Welter, 1922, p. 94, text-fig. 3; Diener,
1925, p. 96, fig. 26 ; Smith, 1932, p. 87, pl. 4, figs. 1-3, pl.
5, figs. 1-6, pl. 25, figs. 7-16, pl. 60, fig. 32, pl. 63, figs.
1-6; Collignon, 1933, p. 56, pl. 11, fig 2; Spath, 1934, p.
54, text-fig. 6a; Kiparisova, 1947, p. 127, pl. 25, figs. 3—4;
Chao, 1959, p. 31, 183, pl. 1, figs., 9, 12; Jeannet, 1959,
p. 30, pl. 6, fig. 1; Tozer, 1961, p. 44, pl. 13, figs. 8, 9;
Chao et al., 1965, p. 135, pl. 35, fig. 5; Kummel, 1966, p.
388, pl. 1, figs. 11, 12; Hada, 1966, pl. 4, fig. 6; Kummel
and Erben, 1968, p. 112, pl. 19, fig. 9; Shevyrev, 1968,
p. 79, pl. 1, figs. 1, 2; Kummel, 1969, p. 361, pl. 34, fig.
6, text-fig. 2; Collignon, 1973, p. 5, pl. 1, fig. 1; Weitschat
and Lehmann, 1978, p. 75, pl. 10, fig. 2; Vu Khuc, 1984, p.
26, pl. 1, fig. 1, text-fig. 1; Pakistani-Japanese Research
Group, 1985, pl. 12, figs. 5-7, pl. 14, fig. 3; Vu Khuc,
1991, p. 119, pl. 45, figs. 5, 6, text-fig. 2.2; Tozer, 1994, p.
83, pl. 18, fig. 1, text-fig. 17; Brayard and Bucher, 2008,
p. 70, pl. 37, figs. 1-5, text-fig. 61; Shigeta and Zakharov,
in Shigeta et al., 2009, p. 140, figs. 129, 130; Brihwiler
et al., 2010, p. 429, fig. 16.14; Brihwiler and Bucher in
Brihwiler et al., 2012a, p. 47, pl. 26, fig. 4; Brihwiler and
Bucher, in Bruhwiler et al., 2012b, p. 109, figs. 95A-95N;
Brayard et al., 2013, p. 208, figs. 77a—77f; Shigeta and
Nguyen, in Shigeta et al., 2014, p. 137, figs. 98, 99; Ehiro,
2016, p. 2, fig. 2.1; Ehiro, 2022 in press, figs. 5.2, 5.3.

Pseudosageceras intermontanum Hyatt and Smith, 1905,
p. 99, pl. 4, figs. 1-3, pl. 5, figs. 1-6, pl. 63, figs. 1, 2;
Mathews, 1929, p. 3, pl. 1, figs. 18-22; Renz and Renz,
1948, p. 90, pl. 16, figs. 4, 7.

Pseudosageceras drinense Arthaber, 1911, p. 201, pl. 17,
figs. 6, 7; Spath, 1934, p. 55, text-fig. 6¢; Renz and Renz,
1948, p. 92, pl. 16, fig. 6.

Pseudosageceras clavisellatum Diener, 1913, p. 28, pl. 4,
figs. 5, 6.

Pseudosageceras paomochungenense Tien, 1933, p. 24, pl.
3, fig. 7; Chao et al., 1965, p. 137, pl. 35, figs. 12, 13.

Pseudosageceras cf. clavisellatum Diener, Renz and Renz,
1948, p. 90, pl. 16, fig. 3.

Pseudosageceras longilobatum Kiparisova, in Kiparisova
and Krishtofovich, 1954, p. 20, pl. 11, fig. 3; Kiparisova,
1961, p. 29, pl. 6, fig. 1, 2, text-fig. 2; Popov, 1961, p. 12,
pl. 10, fig. 1, text-fig. 2.

Pseudosageceras cf. longilobatum Kiparisova, 1961, p. 30,
pl. 5, fig. 3, text-fig. 3.

Pseudosageceras longilobatum var. kwangsiense Chao,
1959, p. 32, 186, pl. 1, figs. 5, 6, pl. 8, figs. 10, 11, text-fig.
5¢; Chao et al., 1965, p. 136, pl. 35, figs. 14-16.

Pseudosageceras tsotengense Chao, 1959, p. 32, 184, pl.

1, figs. 7, 8, text-fig. 5b; Chao et al., 1965, p. 136, pl. 35,
figs. 9-11.

Pseudosageceras schamarense Kiparisova, 1961, p. 31, pl.
7, figs. 3a, 3b.

Material examined.—Three specimens, IGPS coll. cat.
nos. 112550-112552.

Description.—Three specimens, strongly compressed
and involute with almost closed umbilicus, are at hand.
The specimen no. 112552 is about 80 mm in diameter
and consists of phragmocone and body chamber, the
latter occupies about three-fourth of the last whorl. The
diameter of the fragmental specimens nos. 112550 and
112551, both consists of phragmocone, exceed 60 and 40
mm, respectively. The sides are almost flat except for the
slightly depressed umbilical margin. The venter is not well
preserved, but estimated to be acutely rounded. The shell
surface appears to be smooth. The suture is ceratitic with
numerous adventitious elements. The lateral lobes are
essentially bifid, but some of which are again bifid or, rarely,
trifid.

Discussion.—Although the present specimens of
Pseudosageceras are not so well preserved, their general
shell morphologies and especially the shape of the suture
lines allow to identify it with Pseudosageceras multilobatum
Noetling.

Occurrence.—Middle part (Fk-1a: no. 112551; Fk-1b:
nos. 112550 and 112552) of the Fukkoshi Formation at the
south of Ozashi, Jusanhama, Kitakami-cho, Ishinomaki City,
Miyagi Prefecture.

Superfamily Megaphyllitoidea Mojsisovics, 1896
Family Parapopanoceratidae Tozer, 1971
Genus Parapopanoceras Haug, 1894

Type species.— Popanoceras verneuili Mojsisovics, 1886.

Remarks.—When Popov (1961) proposed a new genus
Stenopopanoceras, the fundamental difference between
the genera Parapopanoceras and Stenopopanoceras is
in the shell shape. However, Dagys and Ermakova (1981)
clarified that the shell shape of the genus Parapopanoceras
is variable not only between species but also in the steps
of ontogeny, and shell shape in some of them is similar to
that of Stenopopanoceras. They considered, instead, that
the distinctive feature of the genus Parapopanoceras is in
the suture line: the species of the genus Parapopanoceras
have at least four external lateral lobes, which are serrated
not only the bases but also their sides, even in their early
ontogenetic stage.

Parapopanoceras involutum sp. nov.
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Figures 4.1-4.7

Material examined.—Eight specimens, IGPS coll. cat. nos.
112553 (holotype) and 112554—-112560 (paratypes).

Etymology.—The species name is from its involute shell
form.

Diagnosis.—Parapopanoceras having very small
umbilicus (UD/D < 0.11) even in the large specimen (D up
to 120 mm). The number of lateral lobes, which are strongly
denticulate, is four in all ontogenetic stages (D from 20 to
120 mm).

Description.—The specimen no. 112554 is a small
fragment of the ventral part of the phragmocone. The width
of it reaches at least 20 mm. The venter is broadly rounded,
but its broadness may partly be caused by the tectonic
flattening. The ventral shoulder is rounded. The specimen
no. 112557 is a small fragmental phragmocone, and about
a half of a volution is preserved. The shell diameter is ca. 20
mm with a small umbilicus, the ratio of UD/D is estimated
to be 0.21-0.25. The flank is broadly convex and continues
smoothly with broadly rounded venter. The umbilical
shoulder is rounded. Other specimens, including the
holotype (no. 112553), consist of phragmocone and body
chamber, the latter of which occupies about two-thirds of
a volution. The maximum preserved shell diameter ranges
from ca. 48 to 124 mm, and the ratios of H/D and UD/D at
the last whorls range 0.42-0.54 and 0.07-0.11 (mostly 0.10-
0.11), respectively. Although the umbilical edge of the body
chamber of the largest specimen (no. 112558) is broken
off and precise ratio of UD/D is unknown, the adoral end
of the phragmocone is well preserved and the ratio of UD/
D there (D = ca. 120 mm) is ca. 0.10. The side is convex
with rounded umbilical and ventral shoulders. The maximum
shell width is near the center of the flank. In two specimens
(holotype and no. 112559), there are faint, slightly sigmoidal
growth lines on the shell surface, but the shell surfaces of
the rest seem to be smooth.

The ventral lobe is divided into two prongs by a low and
narrow median saddle, and the base to lower one-third of
the sides of the prong is denticulate. The median saddle
is about a half height to the ventrolateral saddles. The first
lateral love has nearly the same width and depth as the
ventral lobe. There are four lateral lobes in all specimens. All
lobes are strongly denticulate in their base to lower one-third
of their sides. The first lobe is the largest and they diminish
in size toward the umbilicus. There are some auxiliary
lobes, except for the smallest specimen, at the umbilical
margin. The crests of lateral saddles are all rounded, and
the saddles also gradually diminish in size towards the
umbilicus.

Discussion.—Based on the general shell shape, having
rounded venter and small umbilicus, and the trace of

external suture lines, the present specimens are considered
to belong to the genus Parapopanoceras Haug, 1894. The
present species differs from the known species of the genus
in having small ratio of UD/D (0.10 to 0.11) even in the
large specimens (D = ca. 50 to 120 mm). Small specimens
(D < 40 mm) of P. plicatum Bytschkov have rather small
umbilicus (UD/D = 0.12-0.16), but larger specimens of the
species (D > 40 mm) have rather large umbilicus (UD/D =
0.15-0.34) (Bytschkov in Bytschkov et al., 1976, p. 138, pl.
23, figs. 2—4, text-fig. 13; Dagys and Ermakova, 1981, p. 61,
pl. 11, figs. 1-7, text-figs. 38—41).

Occurrence.—Middle part of the Fukkoshi Formation at the
south of Ozashi (Fk-1c: nos. 112558, 112560; Fk-1a: nos.
112554, 112557; Fk-1b: nos. 112553, 112556, 112559) and
at the northwest of Ozashi (Fk-3b: no. 112555) , Jusanhama,
Kitakami-cho, Ishinomaki City, Miyagi Prefecture.

Family Megaphyllitidae Mojsisovics, 1896
Genus Megaphyllites Mojsisovics, 1879

Type species.—Ceratites Jarbas Munster, 1841.

Megaphyillites sp.
Figures 3.8a, b

Material examined.—One specimen, IGPS coll. cat. no.
112664.

Descriptive remarks.—A small, discoidal and involute
to sub-involute specimen is examined. It consists of the
phragmocone and body chamber, the latter attains about
one-thirds of the preserved last whorl. The shell diameter
attains 30.4 mm in the elliptically deformed state, and its
corresponding height and umbilical diameter are 7.2 and ca.
5.0 mm (UD/D = 0.16), respectively. The umbilical margin is
somewhat indistinct. The side of the phragmocone is broadly
convex and the maximum width is at about the center of
the side, whereas the side of the body chamber is nearly
flat. The ventral shoulder is rounded. The small umbilicus
is rather deep and funnel-shaped. The shell surface is
smooth without any ornamentation and constriction. The
external suture line is imperfectly preserved, but typical for
the genus Megaphyllites. There are at least seven saddles
and six lobes. The crests of saddles are all rounded. The
second saddle is highest and saddles gradually diminish
in size towards the umbilicus. The deep first lateral lobe
is denticulate not only at the base but also on the sides.
The basal denticulations are strong. The second lobe is
nearly equal in depth with the first and have the same
denticulations, the basal two denticulation of which are
very long. The third lobe has nearly the same outline as the
second, but the depth is about two-thirds of the second.
Following lobes gradually diminish in size towards the
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Figure 4. Parapopanoceras involutum sp. nov. from the Fukkoshi Formation in the Kamiwarizaki area, South Kitakami Belt,

Northeast Japan.

1, IGPS coll. cat. no. 112553 (holotype); 1a, lateral view; 1b, suture line; 2, IGPS coll. cat. no. 112554; 2a, ventral
view; 2b, suture line; 3, IGPS coll. cat. no. 112555; 3a, lateral view; 3b, suture line; 4, IGPS coll. cat. no. 112556,
lateral view; 5, IGPS coll. cat. no. 112559, lateral view; 6, IGPS coll. cat. no. 112557; 6a, lateral view; 6b, suture
line; 7, IGPS coll. cat. no. 112558; 7a, lateral view; 7b, suture line. Scale bars are 1 cm unless otherwise stated.

umbilicus.

The general shell shape of the present specimen, with
broadly convex to flat sides and small but distinct umbilicus,
is similar to those of Megaphyllites compressus Shevyrev
from Caucasus (Shevyrev, 1995, p. 123, pl. 22, fig. 4, text-
fig. 73), Megaphyllites evolutus Welter from Timor (Welter,
1915, p. 114, pl. 7, figs. 2a—2c) and from Qinghai (He
et al., 1986, p. 207, pl. 17, figs. 5-7, text-fig. 14c), and
Megaphyllites tenuis Chen in He et al. from Qinghai (He et
al., 1986, p. 207, pl. 17, figs. 14-16, text-fig. 14d). But it is
somewhat difficult to identify it at the specific level because
of its small size and poor state of preservation.

Occurrence.—Middle part (Fk-1b) of the Fukkoshi
Formation at the south of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Superfamily Dinaritoidea Mojsisovics, 1882

Family Khvalynitidae Shevyrev, 1968
Genus Metadagnoceras Tozer, 1965

Type species.—Metadagnoceras pulchrum Tozer, 1965.

Metadagnoceras sp. A
Figures 5.2a, b

Material examined.—One specimen, IGPS coll. cat. no.
112561.

Descriptive remarks.—A small specimen is discoidal and
involute to sub-involute. The maximum shell diameter may
exceed 40 mm, but exact diameter is unclear because its
ventral part of the preserved end is missing. The umbilicus
is small and the ratio of UD/D is estimated to be 0. 15 or so.
The side is broadly convex to nearly flat with the maximum
width at about the center of it. The umbilicus is shallow, but
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the umbilical wall is steep with rounded umbilical shoulder.
The venter seems to be convex to flat with sharp ventral
shoulder. The shell surface looks like smooth, but fine
sinuous ribs are preserved near the apertural end. The
external suture consists of shallow ventral lobe, narrow
first lateral saddle, very large and deep first lateral lobe,
large and rounded second lateral saddle and auxiliaries
near the umbilical margin. One of the prongs of the ventral
lobe is visible and its base has irregular denticulations.
The first lateral saddle is rounded, but its crest is incised.
The first lateral lobe occupies the center of the side and is
denticulate deeply at the base. The denticulations extend
up to the ventral side to nearly the top of the first lateral
saddle, whereas the umbilical side is almost smooth. The
wide rounded second lateral saddle is asymmetric having
long ventral side and short umbilical side. The auxiliaries are
shallow and pointed.

The present specimen is rather small and not well
preserved, so the specific identification is difficult. It
somewhat resembles Metadagnoceras pulchrum Tozer, 1965
from the upper Olenekian (Spathian) of British Columbia in
the general shell shape and outline of the suture, but the
shape of the first lateral saddle is different; M. pulchrum has
a symmetric, equally incised first lateral saddle, whereas the
that of the present specimen has irregularly incised ventral
side.

Occurrence.—Middle part (Fk-1a) of the Fukkoshi
Formation at the south of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Metadagnoceras sp. B
Figures 5.1a, b

Material examined.—One specimen, IGPS coll. cat. no.
112562.

Descriptive remarks.—A fragmental phragmocone is at
hand. Its height attains more than 30 mm. The venter is
not preserved. The side is nearly flat with acutely rounded
umbilical shoulder. The umbilicus probably deep with steep
wall, but not well preserved. The shell surface seems to be
smooth. The external lobe is partly preserved, although the
ventral lobe is missing. The probable first lateral saddle is
highly denticulate, but may be not well individualized. The
large and deep first lateral lobe occupies the central part of
the side and strongly denticulate. The denticulations extend
up to the ventral side to nearly the top of the first lateral
saddle, whereas the umbilical side is almost smooth. The
second lateral saddle is large and rounded, and its outline
is asymmetrical, having long ventral side and short umbilical
side. Near the umbilical edge, there are some pointed
auxiliary lobes.

Based on the general shell shape and the outline of the

suture, the present specimen is considered to belong to the
genus Metadagnoceras Tozer, 1965. Its sutural pattern is
somewhat similar to that of M. youngi Bucher from the lower
Anisian of Nevada (Bucher, 1989, p. 963, pl. 1, figs. 2-5,
text-fig. 5), but the specific designation is difficult because
of the fragmental state of preservation of the present
specimen.

Occurrence.—Middle part (Fk-1b) of the Fukkoshi
Formation at the south of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Genus Psilokhvalynites gen. nov.

Type species.—Psilokhvalynites takaizumii gen. and sp.
nov.

Etymology.—The generic name refers to it smooth (Greek,
Psilo-) shell surface, and a genus name Khvalynites, the
general shell shape and sutural trace of which resemble
those of the present new genus.

Diagnosis.—The shell is involute and extremely discoidal
with almost smooth surfaces. The sides are broadly
convex and converge slightly to the flat to convex venter.
The external suture line is similar to that of the genus
Khvalynites, consisting a large and deeply denticulate lateral
lobe and two rounded lateral saddles. The ventral side of the
first lateral saddle is smooth.

Discussion.— Psilokhvalynites gen. nov. resembles an
Olenekian (Early Triassic) genus Khvalynites Shevyrev,
1968 in its general shell shape and sutural traces. However,
smooth shell surface of the new genus is the most distinctive
character from Khvalynites, which has remarkable radial
ribs. The smooth ventral side of the first lateral saddle of the
new genus is also unique in the family Khvalynitidae. Some
species of Anisian genus Alanites Shevyrev, 1968, such as
Alanites visendus Shevyrev 1968 and A. laevis Tozer, 1994
have smooth surface, but is easily distinguished from the
present new genus in having thickly trapezoidal shell cross
section and having serrated saddles.

Psilokhvalynites takaizumii gen. and sp. nov.
Figures 5.3-5.7

Material examined.—Seven specimens, IGPS coll. cat.
no. 112563 (holotype) and nos. 112564—-112569 (paratypes).

Etymology.—The specific epithet is dedicated to Yukihiro
Takaizumi, who donated many ammonoid specimens,
including the present new species, from the Fukkoshi
Formation.

Diagnosis.—As for the genus.

Description.—The shell is involute and extremely
discoidal. The holotype is the largest and its maximum
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Figure 5. Metadagnoceras, Psilokhvalynites, Aegeiceras?, Eogymnites and Buddhaites? from the Fukkoshi Formation in
the Kamiwarizaki area, South Kitakami Belt, Northeast Japan.
1, Metadagnoceras sp. B, IGPS coll. cat. no. 112562; 1a, lateral view (U: umbilicus); 1b, suture line; 2,
Metadagnoceras sp. A, IGPS coll. cat. no. 112561; 2a, ventral view; 2b, suture line; 3-7, Psilokhvalynites
takaizumii gen. and sp. nov.; 3, IGPS coll. cat. no. 112565; 3a, lateral view; 3b, suture line; 4, IGPS coll. cat. no.
112564, lateral view; 5, IGPS coll. cat. no. 112569, lateral view; 6, IGPS coll. cat. no. 112566; 6a, lateral view; 6b,
suture line; 7, IGPS coll. cat. no. 112563 (holotype); 7a, lateral view; 7b, suture line; 8, Aegeiceras? sp., IGPS
coll. cat. no. 112583; 8a, lateral view; 8b, suture line; 9, Eogymnites sp., IGPS coll. cat. no. 112584; 9a, lateral
view; 9b, suture line; 10, Buddhaites? sp., IGPS coll. cat. no. 112588; 10a, lateral view; 10b, suture line. Scale

bars are 1 cm unless otherwise stated.

diameter may attain to 90 mm, but it lacks part of shell
margins. The preserved shell diameters of other specimens
range from ca. 30 mm to over 80 mm. The ratio of UD/D
ranges from 0.12 to 0.17, the majority of which is 0.12 to
0.13. The sides are broadly convex to nearly flat with broadly

rounded umbilical shoulder. The maximum shell width is
at or near the umbilical shoulder and the sides slightly
converge to the venter. The venter is not well preserved, but,
in the holotype, seems to be nearly flat with acute ventral
shoulders. The umbilicus is shallow with low umbilical wall.
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The shell surface is almost smooth, except for faint sinuous
growth lines.

The general outline of the external suture line is similar
to that of the genus Khvalynites. The ventral lobe is not well
preserved, and only probably a part of its prong is visible.
It is shallow and denticulate, with smooth side. A wide and
deep, U-shaped lateral lobe occupies the central part of the
flank, with two rounded saddles on each side. The base of
the lobe is deeply denticulate and some small denticulations
are up to the middle part of the ventral side. Crests of two
saddles are rounded. The first lateral saddle is symmetrical,
whereas the wide second saddle is asymmetrical with
short umbilical side, which continue to some pointed small
auxiliary lobes on the umbilical shoulder.

Occurrence.—Middle part (Fk-1a: no. 112564; Fk-1b: nos.
112563, 112565-112568) of the Fukkoshi Formation at the
south of Ozashi, Jusanhama, Kitakami-cho, Ishinomaki City
and from the upper part (Fk-5: no. 1112569) at the eastern
coast of Terahama, Togura, Minamisanriku Town, Miyagi
Prefecture.

Superfamily Ceratitoidea Mojsisovics, 1879
Family Acrochordiceratidae Arthaber, 1911
Genus Paracrochordiceras Spath, 1934

Type species.—Acrochordiceras anodosum Welter, 1915.

Paracrochordiceras cf. denseplicatum Fantini Sestini
Figures 6.1-6.3

cf. Acrochordiceras ex aff. anodosum Welter, Bender, 1970,
p. 439, pl. 2, fig. 9.
Paracrochordiceras denseplicatum Fantini Sestini, 1981,
p. 49, pl. 4, figs. 2, 3.

Material examined.—Three specimens, IGPS coll. cat.
nos. 112570-112572.

Descriptive remarks.—Specimens are discoidal and sub-
evolute. The flanks are nearly flat with acutely rounded
umbilical shoulder. The umbilicus is shallow. The venter is
not well preserved. Sample no. 112570 attains a maximum
diameter of ca. 42.0 mm, and its corresponding height and
umbilical diameter are ca.16.0 and 14.0 mm (UD/D = 0.33),
respectively. There are 39—40 ribs on the shell surface. The
ribs are rectiradiate and run from the umbilical shoulder to
the ventral shoulder, slightly strengthened to the venter,
but slightly curve forward at the ventral shoulder. They
reach to the venter, but whether they cross the venter or
not is unclear because the venter is not well preserved.
Very few ribs bifurcate near the ventral shoulder. The
maximum shell diameter of sample no. 112571 is 43.5 mm,
with corresponding height and umbilical diameter of ca.

13.5 and 15.5 mm (UD/D = 0.36), respectively. There are
34-35 rectiradiate ribs on the last whorl. The ribs run from
the umbilical shoulder, slightly strengthened to the venter
and probably cross the venter. About one-thirds of ribs
bifurcate or associated with short secondary ribs near the
ventral shoulder. No. 112572 is a fragmental and deformed
specimen having fine ribs resemble to no. 112571.

The external suture is partly preserved in specimen no.
112570. Three lateral saddles and two lateral lobes are
observable, although the first saddle is only preserved on
its umbilical side. The saddles are rounded. The lobes are
strongly denticulate at the base and small denticulations
reach to the middle part of their sides.

The general shell outline and surface ornamentation,
especially their flat sides, closely resemble
Paracrochordiceras denseplicatum Fantini Sestini, 1981,
described from the Lower Anisian (Aegean) of Chios Island,
Greece. But | refrain from identifying the present specimens
definitely at the specific level, because the present
specimens are not well preserved and Chios specimen lacks
suture line. Proacrochordiceras kiparisovae Korchinskaya
described from Spitsbergen (Korchinskaya, 1983, p. 110,
figs 1a—h, 2a—b) is somewhat similar to the present species
in its shell form, surface ornamentation and outline of the
suture line. But the former differs from the latter in having
umbilical tubercles on the inner whorls and in having coarser
ribs.

Occurrence.—Upper part of the Fukkoshi Formation at the
southern coast of Ozashi (Fk-2b: no. 112570), Jusanhama,
Kitakami-cho, Ishinomaki City, and at the eastern coast
of Terahama (Fk-5: nos. 112571, 112572), Togura,
Minamisanriku Town, Miyagi Prefecture.

Paracrochordiceras watanabei sp. nov.
Figures 6.4—6.7

Material examined.—Six specimens: IGPS coll. cat. nos.
112573 (holotype) and 112574—112578 (paratypes).

Etymology.—The species name is to honor Yuta
Watanabe, who collected important specimens including the
holotype, and making them available for this study.

Diagnosis.—Paracrochordiceras having coarse radial
ribs which are largely rursiradiate. The shell is moderately
evolute with oval cross section.

Description.—The shell is discoidal and sub-evolute. It
consists of a phragmocone and body chamber, the latter of
which occupies about half part of the preserved last volution.
The maximum diameter ranges from ca. 30 mm to 52.5 mm.
The ratio of UD/D is in the range of 0.38-0.43 (Table 1). The
flanks are nearly flat to broadly convex with acutely rounded
umbilical shoulder. The umbilicus is shallow. The venter
is not fully preserved, but probably rounded with broadly
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Figure 6. Paracrochordiceras from the Fukkoshi Formation in the Kamiwarizaki area, South Kitakami Belt, Northeast Japan.
1-3, Paracrochordiceras cf. denseplicatum Fantini Sestini; 1, IGPS coll. cat. no. 112570; 1a, lateral view;
1b, suture line; 2, IGPS coll. cat. no. 112571, lateral view; 3, IGPS coll. cat. no. 112572, lateral view; 4-7,
Paracrochordiceras watanabei sp. nov.; 4, IGPS coll. cat. no. 112574, 4a, lateral view; 4b, suture line; 5, IGPS
coll. cat. no. 112573 (holotype); 5a, lateral view; 5b, suture line; 6, IGPS coll. cat. no. 112575; 6a, lateral view; 6b,
suture line; 7, IGPS coll. cat. no. 112576, lateral view; 8, Paracrochordiceras sp. A, IGPS coll. cat. no. 112579;
8a, lateral view; 8b, suture line; 9-11, Paracrochordiceras sp. B; 9, IGPS coll. cat. no. 112580, lateral view; 10,
IGPS coll. cat. no. 112581; 10a, lateral view; 10b, suture line; 11, IGPS coll. cat. no. 112582, lateral view. Scale

bars are 1 cm unless otherwise stated.

rounded ventral shoulder, which continued from the rounded
margin of the side. The maximum shell width is at the center
to ventral two-thirds of the flank, and the flanks slightly
converge to the umbilicus. There are rursiradiate ribs on the
flanks. They are convex and sometimes slightly sigmoidal.
They run from the umbilical wall, slightly strengthened and

widened to the venter, and probably cross the venter. They
seem to be simple on the inner whorls, but, on the last whorl,
sometimes bifurcate near the ventral shoulder or associated
by intercalary ribs. There are 28 to 32 (rarely 24) primary
ribs on the last whorl.

The external lateral suture consists of three rounded
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Table 1. Dimensions (in mm) and ratios of Paracrochordi-
ceras watanabei sp. nov. from the Fukkoshi For-
mation. a: the angular position adapical from the
preserved end; D: diameter of whorl; H, height of

whorl; W: width of whorl; UD: diameter of umbili-

Cus.
IGPSno. o D H(H/D) W UD (UDID)
112573 0° 525 19.5 (0.37) 20.0 (0.38)
(holotype) ~ 0° 39.3 15.1 (0.38) 15.6 (0.40)
-180° 38.9 12.5 (0.32) 15.8 (0.41)
112574 0° 42.6 ca.13.0 (0.30) 18.3 (0.43)
90° 417 13.9 (0.33) 17.2 (0.41)
-180° 303 12.4 (0.41) 11.5 (0.38)
112575 0° 42.0 15.1 (0.36) 17.8 (0.42)
112576 0° 37.5 ca.12.5(0.33) 15.8 (0.42)
90° 33.9 11.6 (0.34) 14.2 (0.42)
112577 90° 29.8 ca.10.0 (0.34) 12.1 (0.41)
112578 0° 31.0 10.4 (0.34) 12.6 (0.41)

saddles and two serrated lobes. The ventral lobe is not
preserved. The second saddle is widest and the third is
small. The first lateral lobe is deep, with smooth sides which
are subparallel each other to slightly widened toward the
base. The base has four to five strong denticulations. The
small and shallow second lobe bifurcates, rarely trifurcates
at the base. The auxiliary robe is simple and pointed.

Discussion.—The general shell outline and surface
ornamentation, especially their nearly flat sides, of the
present species somewhat resembles Paracrochordiceras
denseplicatum (Fantini Sestini, 1981, p. 49, pl. 4, figs. 2, 3)
described from the Lower Anisian (Aegean) of Chios Island,
Greece. The present species, however, clearly distinguished
from P. denseplicatum and other previously known species
of Paracrochordiceras in having coarser, rursiradiate ribs.

Occurrence.—Middle part (Fk-1a: nos. 112577, 112578;
Fk-1b: nos. 112573-112576) of the Fukkoshi Formation at
the southern coast of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Paracrochordiceras sp. A
Figures 6.8a, b

Material examined.—One specimen, IGPS coll. cat. no.
112579.

Descriptive remarks.—A specimen collected from a float
near the locality Fk-1a and Fk-1b is examined. About two-
thirds of the conch is preserved. It is discoidal and sub-
evolute. The maximum diameter is about 35 mm, and
its corresponding height and umbilical diameter are ca.
12 and 12-13 mm (UD/D = 0.34-0.37), respectively. The
broadly rounded flanks continue to the umbilical wall and

venter without well-defined umbilical and ventral shoulders.
The maximum shell width is at about the center of the
flanks. Exact shell width is not known, but, based on the
preserved shell thickness, the width at least reaches 10
mm, and probably larger than the corresponding height.
The umbilicus is deep and umbilical wall is steep. The shell
surface is ornamented with strong radial ribs, which run
from the umbilical shoulder, broadened to the venter and
probably cross the venter. They are rursiradiate on the inner
whorls, but partly falcoid on the last whorl. Although the
large part of the shell surface of the last whorl is worn out
and not well preserved, many of the ribs on the preserved
last whorl seem to bifurcate at the center of the flank or near
the ventral shoulder. There are 15-16 primary ribs per half
volution.

The external suture is partly preserved, but the ventral
lobe and auxiliary ones near the umbilicus are not
preserved. The crests of three saddles are all rounded. The
first saddle is highest, but narrow, and the second is wide.
The first lateral lobe is wide and deep, showing somewhat
circular outline. Its base is strongly denticulate and shallow
denticulations are up to the middle part of the ventral side.
The small second lateral lobe is also denticulate.

Based on its general shell shape and shape of suture
line, the present specimen very likely belongs to the genus
Paracrochordiceras. Although its coarse ribbing and unique
rib pattern suggests that the present species is a new
species, | refrain from proposing it because of their poor
state of preservation.

Occurrence.—From a float at the middle part (Fk-
1) of the Fukkoshi Formation at the southern coast of
Ozashi, Jusanhama, Kitakami-cho, Ishinomaki City, Miyagi
Prefecture.

Paracrochordiceras sp. B
Figures 6.9-6.11

Material examined.—Three specimens, IGPS coll. cat.
nos. 112580-112582.

Descriptive remarks.—The specimens are discoidal
and sub-involute to sub-evolute. The maximum diameters
of them are ca. 45 mm, and the ratios of UD/D are 0.30
(specimen no. 112580), 0.38 (no. 112581) and 0.44 (no.
112582). The flanks are nearly flat to broadly convex with
acutely rounded umbilical and ventral shoulders. The
venter is not well preserved, but seems to be rounded.
The umbilicus is shallow. The maximum width is near the
ventral shoulder to the center of the flank. The shell surface
is ornamented with slightly sigmoidal to slightly concave,
rectiradiate to slightly rursiradiate, fine radial ribs. They
run from the umbilical shoulder, slightly broadened to the
venter, and fade out short before the venter or probably
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cross the venter. Very fine ribs or growth lines, parallel to
the primary ribs, are also present in specimen no. 112580.
There are about 50 primary ribs per volution. The suture is
only preserved in specimen no. 112581. It is rather simple
and consists of deep ventral lobe, high and large, rounded
first lateral saddle, moderately deep first lateral lobe, small
second rounded saddle and small second lobe. Although all
lobes are not well preserved, the lower part of the first lateral
lobe is pointed at three or four parts.

The general shell shape and rib pattern, and the outline of
the suture line of the present specimen resemble with those
of the species of the genus Paracrochordiceras. The ribs
of the present specimens are remarkably finer than those
of the known species. However, | refrain from identifying
it at the specific level, because they are in poor state of
preservation.

Occurrence.—From the middle part (Fk-1a) of the
Fukkoshi Formation at the southern coast of Ozashi,
Jusanhama, Kitakami-cho, Ishinomaki City, Miyagi
Prefecture.

Superfamily Pinacoceratoidea Mojsisovics, 1879
Family Gymnitidae Waagen, 1895
Subfamily Japonitinae Tozer, 1971

Genus Aegeiceras Fantini Sestini, 1981

Type species.—Gymnites ugra Diener, 1895b.

Aegeiceras? sp.
Figures 5.8a, b

Material examined.—One specimen, IGPS coll. cat. no.
112583.

Descriptive remarks.—A small specimen is discoidal and
sub-evolute. It consists of phragmocone and body chamber,
the latter occupies about a half of the last whorl. The shell
attains 24.4 mm in diameter and its corresponding height
and umbilical diameter are 10.0 and 8.0 mm (UD/D = 0.33),
respectively. The side is broadly convex with maximum
width at the center of it. The apparent width is very small
and about 2 mm, but this is partly tectonic flattening. The
venter is carinate, without remarkable ventral shoulder. The
umbilicus is shallow with rounded umbilical shoulder. The
shell cross section is lenticular. The shell surface seems to
be smooth on the phragmocone, but on the body chamber,
there are faint, fine radial ribs, running from just above the
umbilical shoulder to near the venter. They are rectiradiate
on the inner side of the whorl, but slightly curve adorally on
the outer side. There are also seen three, indistinct spiral
ridges on the body chamber: at the ventral one-fourth, center
and ventral three-fourth. They slightly expand on the radial
ribs.

The external lateral suture line is ammonitic and similar to
that of Aegeiceras, although the ventral lobe is only partly
preserved and its details sometimes in distinct because of
its small size and ill preservation. The all saddles and lobes
are finely frilled. The ventral lobe is shallow than the first
lateral lobe. There are three saddles on the lateral side, the
second is highest and the third is low. The first lateral lobe
is deepest. The second lobe is slightly shallow than the first.
Near the umbilical edge, there are some auxiliaries.

The general shell shape and sutural outline are similar
to those of the genus Aegeiceras Fantini Sestini, 1981,
although the ratio of UD/D of the present species is little
smaller than the known species of Aegeiceras. The species
of Aegeiceras have only one spiral ornament constituted
by clavi. The present species has three faint spiral ridges
on the body chamber. Some specimens of Aegeiceras ugra
also have additional spiral ornament, although they are very
indistinct ridge (Diener, 1895b, pl. 30, fig 5a; Bender, 1970,
pl. 3, fig. 6; Fantini Sestini, 1981, pl. 5, fig. 2). The spiral
ornaments of the present species are ridge, instead of clavi,
but they expand on the radial ribs as nodes. Thus, the present
species is thought to belong to the genus Aegeiceras, but
there remain some questions about the generic assignment
due to its small size and poor state of preservation.

Occurrence.—Middle part (Fk-1a) of the Fukkoshi
Formation at the southern coast of Ozashi, Jusanhama,
Kitakami-cho, Ishinomaki City, Miyagi Prefecture.

Genus Eogymnites Spath, 1951
Type species.—Japonites arthaberi Diener, 1915.

Eogymnites sp.
Figures 5.9a, b

Material examined.—One specimen, IGPS coll. cat.
no.112584.

Descriptive remarks.—A small specimen, consisting of
phragmocone and body chamber, is at hand. The body
chamber occupies more than two-thirds of the preserved
last whorl. The shell is extremely discoidal and sub-evolute.
It attains 32.8 mm in diameter and its corresponding height
and umbilical diameter are ca. 12.0 and 14.5 mm (UDID =
0.44), respectively. The apparent width is 1.8 mm, but its
discoidal form may be partly due to the synsedimentary
compaction and tectonic flattening. The sides are broadly
convex with broadly rounded umbilical and ventral
shoulders. The umbilicus is shallow and the venter is
probably acutely rounded. The maximum shell width is at the
center of the flank, and the shell cross section is lenticular.
The shell surface is almost smooth, but with faint, slightly
sinuous, radial ribs.
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The external lateral suture consists of large and deep
first lateral lobe, high second lateral saddle, deep second
lateral lobe and small third lateral saddle on the umbilical
shoulder. Ventral lobe is not seen and the first lateral saddle
is only preserved on its umbilical side. At maturity all parts of
saddles and lobes are serrated, but on the inner whorls the
crests of saddles are rounded. The serration of the base of
the lobes are rather deep. Sides of lateral lobes are parallel
to each other.

Based on the general shell shape and sutural traces,
especially in having parallel lobe sides, the present
specimen belongs to the genus Eogymnites Spath, 1951.
But the precise specific identification is difficult, because it is
rather small and ill preserved.

Occurrence.—Middle part (Fk-1a) of the Fukkoshi
Formation at the southern coast of Ozashi, Jusanhama,
Kitakami-cho, Ishinomaki City, Miyagi Prefecture.

Genus Japonites Mojsisovics, 1893
Type species.—Ceratites planiplicatus Mojsisovics, 1888.

Japonites cf. meridianus Welter
Figures 7.5a, b

cf. Japonites meridianus Welter, 1915, p. 122, pl. 93. figs.
2a-2c, text-fig. 21; Wang and He, 1976, p. 414, pl. 42,
figs. 3—4, pl. 43, figs. 10-11; He et al., 1986, p. 240, pl. 9,
figs. 7—14, text-figs. 33¢c—33d.

Material examined.—One specimen, IGPS coll. cat. no.
112585.

Descriptive remarks.—A fragmental specimen, about a
half volution, is at hand. Inner whorls are missing. It largely
consists of body chamber, but a part of the phragmocone is
also preserved. The shell attains about 54 mm in diameter,
and its corresponding height and umbilical diameter are
ca. 15.5 and 23.3 mm, respectively. The ratio of UD/D is
0.43. The shell is compressed and the side is nearly flat to
broadly convex. The ventral and umbilical shoulders are
not well preserved, but seem to be acutely rounded. The
shell surface bears faint fine ribs, which are rursiradiate and
partly slightly sinuous. They run from the umbilical shoulder
to near the ventral shoulder. The external suture line is
rather well preserved, except for ventral lobe and auxiliaries
near the umbilical shoulder. It is typical Japonites-type. The
ventral lobe is probably bifurcated by the median saddle and
the serrated prong is moderately deep. There remains three
lateral saddles and two lateral lobes, all are fully serrated.
The first and second saddles are nearly the same height
and the third is low. The first lateral lobe is deeper than the
second.

Based on the general shell shape, shell ornamentation
and outline of the suture line, the present specimen closely
resembles Japonites meridianus Welter, but the exact
specific identification is difficult, because the present
specimen is fragmental and not well preserved. J. cf.
meridianus collected from the underlying Osawa Formation
(Ehiro, 2022 in press) has smaller umbilicus.

Occurrence.—Middle part (Fk-1a) of the Fukkoshi
Formation at the southern coast of Ozashi, Jusanhama,
Kitakami-cho, Ishinomaki City, Miyagi Prefecture.

Japonites raphaelizoyae (Tommasi)
Figures 7.7a, b

Gymnites Raphaelis Zoja Tommasi, 1899, p. 41, pl. 6, figs. 5,
6; Renz, 1910, p. 41, pl. 2, figs. 10, 12 (non 2), text-fig. 4.
Japonites Raphaelis Zojae (Tommasi), Welter, 1915, p. 123,
pl. 10, figs. 1-4, text-figs. 22-24.

Japonites raphaelis-zojae (Tommasi), Bender, 1970, p. 448,
pl. 4, fig. 1.

Japonites raphaelis zojae (Tommasi), He et al., 1986, p.
240, pl. 9, figs. 15-19, text-fig. 33g.

Japonites raphaelis zojae (Tommasi), Wang et al., 1979, p.
46, pl. 11, figs. 11-14, text-fig. 25b—c.

Material examined.—One specimen, IGPS coll. cat. no.
112586.

Description.—The shell is discoidal and evolute. It consists
of phragmocone and body chamber, the latter occupies
about three-fourth of the last whorl. The shell diameter at
the preserved end is 73.5 mm, with corresponding height
and umbilical diameter of 25.0 and 34.3 mm (UD/D = 0.47),
respectively. The sides are broadly rounded connecting to
the rounded venter and rounded umbilical slope without
distinct shoulders. The maximum shell width is near the
center of the flank, and it is more than 10 mm. The shell
cross section is approximately elliptical. The umbilicus is
shallow. There are strong, slightly sigmoidal radial ribs,
26-27 per volution, on the shell surface. They run from the
umbilical wall, widening to the venter, to the ventral shoulder
and fade out. Fine ribs or growth lines, parallel to the ribs,
are also present.

The external suture is preserved except for the ventral
lobe. It consists of high, rather narrow first lateral saddle,
deep and wide first lateral lobe, wide second lateral saddle,
shallow second lateral lobe, small third lateral saddle and
some auxiliary lobes on the umbilical shoulder to umbilical
wall. All saddles and lobes are serrated irregularly. The first
lateral lobe has nearly parallel sides and its base is strongly
serrated. The second lateral lobe narrows toward the base.

Comparison.—The general shell shape, especially
in having elliptical shell cross section and rather wide
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Figure 7. Japonites from the Fukkoshi Formation in the Kamiwarizaki area, South Kitakami Belt, Northeast Japan.
1, 3, 4, Japonites sp. B; 1, IGPS coll. cat. no. 112667; 1a, lateral view; 1b, suture line; 3, IGPS coll. cat. no.
112665; 3a, lateral view; 3b, suture line; 4, IGPS coll. cat. no. 112666; 4a, lateral view; 4b, suture line; 2,
Japonites sp. C, IGPS coll. cat. no. 112668; 2a, lateral view (rubber cast); 2b, suture line; 5, Japonites cf.
meridianus Welter, IGPS coll. cat. no. 112585; 5a, lateral view; 5b, suture line; 6, Japonites sp. A, IGPS coll. cat.
no. 112587; 6a, lateral view; 6b, suture line; 7, Japonites raphaelizoyae (Tommasi), IGPS coll. cat. no. 112586;
7a, lateral view; 7b, suture line. Scale bars are 1 cm unless otherwise stated.
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umbilicus, the present specimen is identified with Japonites
Raphaelis Zojae (Tommasi), especially very similar to the
specimen J. Raphaelis Zojae form 2 described by Welter
(1915, p. 123, pl. 10, fig. 2, text-fig. 23) from Timor.

Occurrence.—Upper part (Fk-6) of the Fukkoshi Formation
at the eastern coast of Terahama, Togura, Minamisanriku
Towny, Miyagi Prefecture.

Japonites sp. A
Figures 7.6a, b

Material examined.—One specimen, IGPS coll. cat. no.
112587.

Descriptive remarks—A fragmental specimen, about
a quarter of one-volution, consists of phragmocone and
body chamber. It is evolute and discoidal, and its maximum
diameter is considered to exceeds 100 mm. The side is
broadly convex with rounded umbilical shoulder. The venter
is not well preserved. The maximum shell width is near the
umbilical shoulder, and sides converge to the venter. The
shell surface is ornamented with low, but wide, radial ribs,
which run from the umbilical wall, bifurcate at the umbilical
shoulder, and run to the ventral shoulder. There are four
primary ribs per quarter whorl. The external suture is
preserved except for the ventral lobe. Three lateral saddles
are all serrated from lower to top. The first and second
saddles are nearly the same height. The first is narrow,
whereas the second is wide. The height of the third is about
a half of the second. The first lateral lobe is large and deep
with strong denticulations at the base. The lower part of it
is slightly expanded. The depth of the second lobe, which
is denticulate as with the first, is about two-thirds of the
first. There may be some auxiliary lobes near the umbilical
shoulder, but only a part is visible.

Based on the general shell shape and outline of the
suture line, the present specimen is considered to belong
to the genus Japonites. Bifurcate rib pattern of the present
specimen is unique for the genus Japonites, but it is not well
preserved enough to propose a new species.

Occurrence.—Middle part (Fk-1b) of the Fukkoshi
Formation at the southern coast of Ozashi, Jusanhama,
Kitakami-cho, Ishinomaki City, Miyagi Prefecture.

Japonites sp. B
Figures 7.1,7.3, 7.4

Material examined.—Three specimens, IGPS coll. cat.
nos. 112665-112667.

Descriptive remarks—Three fragmental specimens are
at hand. They are discoidal and sub-evolute. The maximum
shell diameter of the specimen no. 112665 exceeds 60 mm.
At the estimated diameter is ca. 65.0 mm, its corresponding

height and umbilical diameter are ca. 20, and ca. 28 mm
(UDID = 0.43), respectively, and at D = ca. 50.5 (about 180°
adapical from the preserved end) the height and umbilical
diameter are 17.2 and 19.3 mm (UD/D = 0.38), respectively.
Another specimen (no. 112666) is a fragment of about one-
third of a whorl, the height of which is ca. 22 mm. They have
nearly flat to very slightly convex side with acutely rounded
umbilical and ventral shoulders. The venter probably
rounded, but not well preserved. The umbilicus is shallow.
There are low but prominent ribs on the shell surface. They
are substantially rectiradiate, but slightly rursiradiate and
convex, and run from umbilical shoulder to ventral shoulder,
slightly strengthened to the venter. On the outer molds
there are also fine striae parallel to the ribs, although they
are rather obscure. There are nine to ten ribs per quarter
volution (ca. 40 ribs per volution) of the whorl.

Specimen no. 112667 moderately large specimen,
about a half of outer volution and a part of inner volution is
preserved. It is discoidal and sub-evolute. The maximum
shell diameter probably attains about 80 mm, with the
corresponding height (estimated) and umbilical diameter
are 30 and 31.0 mm (UD/D = 0.39), respectively. The sides
are nearly flat to very broadly convex with acutely rounded
umbilical shoulder. The umbilical wall is steep. The venter
is probably rounded with broadly rounded shoulder. The
maximum shell width is near the ventral shoulder and the
sides slightly converge toward the umbilicus. On the shell
surface, there are 22—-23 rectiradiate ribs per half volution.
They run from umbilical wall to the venter, strengthened to
the ventral shoulder.

The suture lines are only partly preserved and obscure in
all specimens. Preserved parts are the ventral side region of
the inner whorl in specimen no. 112665, the umbilical side
region in specimen no. 112666 and the ventral two-thirds
in specimen no. 112667. They are composed of the fully
serrated deep lobes and/or high saddles.

The present specimen is considered to belong to the
genus Japonites, based on the general shape of the suture
lines and discoidal and sub-evolute shell shape. The surface
ornamentation is somewhat similar to that of Japonites
meridianus, but the specific identification is difficult because
of their poor state of preservation.

Occurrence.—Two specimens (nos. 112665, 112666)
come from the middle part (Fk-1c) and one specimen
(no. 112667) from the upper part (Fk-2a) of the Fukkoshi
Formation at the south of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Japonites sp. C
Figures 7.2a, b

Material examined.—IGPS coll. cat. no. 112668.
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Descriptive remarks—A fragmental phragmocone, about
one-third to one-fourth of a volution, is at hand. It is discoidal
and sub-evolute. The diameter near the preserved end is
estimated to be 80-85 mm, and its corresponding height
and umbilical diameter are ca. 30 and 28 mm (UD/D =
0.33-0.35), respectively. The side is nearly flat with broadly
rounded ventral shoulder and acutely rounded umbilical
shoulder. The venter and umbilicus are not well preserved.
The maximum shell width is at the ventral shoulder and the
sides slightly converge to the umbilicus. On the flanks there
are 13 to 15 fine ribs per quarter. They are rectiradiate and
slightly concave, and run from the umbilical shoulder to the
ventral shoulder. Few ribs bifurcate at about ventral one-
third. Fine striae parallel to the ribs are also seen.

The suture lines are obscure and only parts of narrow
and high saddles are visible, although some parts are little
unreliable. They are fully serrated.

The present specimen is considered to belong to the
genus Japonites, based on the general shape of the suture
lines and discoidal and sub-evolute shell shape. The
specific identification is difficult because of the poor state of
preservation. It has finer and closely spaced ribs than the
above-described Japonites sp. B.

Occurrence.—From the middle part (Fk-1a) of the
Fukkoshi Formation at the south of Ozashi, Jusanhama,
Kitakami-cho, Ishinomaki City, Miyagi Prefecture.

Subfamily Gymnitinae Waagen, 1895
Genus Buddhaites Diener, 1895b

Type species.—Gymnites (Buddhaites) rama Diener,
1895b.

Buddhaites? sp.
Figures 5.10a, b

Material examined.—One specimen, IGPS coll. cat. no.
112588.

Descriptive remarks.—Specimen attains a maximum
diameter of ca. 26.5 mm. It is discoidal and involute. The
umbilicus is not well preserved but its diameter is probably
less than 2 mm. The side is broadly convex with maximum
width at the center of the side. The umbilicus is shallow.
The venter, with broadly rounded ventral shoulder is not
well preserved but seems to be acutely rounded. The shell
surface seems to be smooth. The partly preserved external
suture line is ammonitic and resembles that of the family
Gymnitidae. The first lateral saddle (ventro-lateral saddle)
is wide and asymmetrical. Its ventral side, the enveloping
surface of which is gently inclined ventrally, has rather deep
secondary lobes.

Based on the shell morphology and the sutural outline,

the present specimen is considered to belong to the genus
Buddhaites Diener, 1895b, but there remains a question
about the generic assignment due to the poor state of the
preservation of the suture line.

Occurrence.—Middle part (Fk-1a) of the Fukkoshi
Formation at the southern coast of Ozashi, Jusanhama,
Kitakami-cho, Ishinomaki City, Miyagi Prefecture.

Superfamily Danubitoidea Spath, 1951
Family Danubitidae Spath, 1951
Genus Danubites Mojsisovics, 1893

Type species.—Ceratites Floriani Mojsisovics, 1882.

Danubites cf. ambika Diener
Figures 8.1, 8.2

cf. Danubites ambika Diener, 1895b, p. 104, PI. 29, figs.
2a-2c.
Danubites aff. ambika Diener, Bando, 1970, p. 347, pl.
38, fig. 1.

Material examined.—Three specimens, IGPS coll. cat.
nos. 112589, 112590, 112669.

Descriptive remarks.—Specimens are discoidal and
evolute. Conch is slowly increasing in height and shallowly
embracing the preceding whorls. The maximum shell
diameter of specimen no. 112589 exceeds 35 mm, and at
the diameter of 34.9 mm, the corresponding height and
umbilical diameter are 10.7 (H/D = 0.29) and 16.2 mm
(UDID = 0.46), respectively. The maximum diameter of the
specimen no. 112590 exceeds 45 mm, and at a diameter
of 44.9 mm the ratios of H/D and UD/D are 0.32 and 0.43,
respectively. The maximum diameter of the specimen no.
112669 is 47.8 mm, with the corresponding height and
umbilical diameter are 17.2 (H/D = 0.36) and 18.2 mm (UD/
D = 0.38), respectively. The sides are broadly convex to
nearly flat and sometimes slightly concave in the outer part.
The umbilical and ventral shoulders are acutely rounded.
The venter is not well preserved, but seems to be flat to
slightly convex. The umbilicus is shallow. The shell surface
is ornamented with strong, rectiradiate ribs, which run from
umbilical shoulder to near the ventral shoulder and fade out.
They become widened forward. There are 28-29 (specimen
no. 112589) or about 34 (no. 112590, 112669) ribs on the
last whorl. The suture is only preserved in specimen no.
112669. Three lateral saddles and two lateral lobes are
observed. The crests of saddles are all rounded. The second
is highest and the third is small. The first lateral lobe is wide
and deep, with parallel sides and denticulate base. The
second lobe has similar shape as the first, but small in size.

The present specimens resemble Danubites ambika
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Figure 8. Danubites and Paradanubites from the Fukkoshi Formation in the Kamiwarizaki area, South Kitakami Belt,

Northeast Japan.

1-2, Danubites cf. ambika Diener; 1, IGPS coll. cat. no. 112669 ; 1a, lateral view, 1b, suture line; 2, IGPS coll.
cat. no. 112590, lateral view; 3—6, Danubites floriani (Mojsisovics); 3, IGPS coll. cat. no. 112591; 3a, lateral view;
3b, suture line; 4, IGPS coll. cat. no. 112592, lateral view; 5, IGPS coll. cat. no. 112593, lateral view; 6, IGPS coll.
cat. no. 112594; 6a, lateral view; 6b, suture line; 7-9, Danubites cf. tozeri Korchinskaya; 7, IGPS coll. cat. no.
112595; 7a, lateral view; 7b, suture line; 8, IGPS coll. cat. no. 112596; 8a, lateral view; 8b, suture line; 9, IGPS
coll. cat. no. 112597, lateral view; 10-12, Paradanubites ozashiense sp. nov.; 10, IGPS coll. cat. no. 112605; 10a,
lateral view; 10b, suture line; 11, IGPS coll. cat. no. 112604; 11a, lateral view; 11b, suture line; 12, IGPS coll. cat.
no. 112603 (holotype); 12a, lateral view; 12b, suture line. Scale bars are 1 cm unless otherwise stated.

Diener from the lower Anisian of Himalayas (Diener, 1985b)
and Danubites aff. ambika Diener from the late Olenekian
Osawa Formation (Bando, 1970), especially the latter, in
having evolute shell with rather flat sides and rather coarse
ribbing. But its precise comparison is difficult, because
present specimens are poorly preserved. As stated in the

preceding chapter, there is some doubt on the stratigraphic
position of Bando’s specimen. The present author considers
that it may come from the Fukkoshi Formation.
Occurrence.—All specimens from the middle part (Fk-
1a) of the Fukkoshi Formation at the southern coast of
Ozashi, Jusanhama, Kitakami-cho, Ishinomaki City, Miyagi
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Prefecture.

Danubites floriani (Mojsisovics)
Figures 8.3-8.6

Celtites Floriani Mojsisovics, 1882, p. 145, pl. 28, figs. 5-7,
pl. 31, fig. 4.

Danubites Floriani Mojsisovics, 1893, p. 398; Spath, 1951, p.
13.

Florianites floriani Hyatt, 1900, p. 553.

Material examined.—Four specimens, IGPS coll. cat. nos.
112591-112594.

Description.—Specimens are slightly deformed obliquely
and flattened laterally. The shell is composed of the
phragmocone and body chamber, the latter occupies about
a half of the last whorl. The specimens are moderately
evolute. The maximum shell diameter ranges from 24.5 to
39.0 mm, with the ratios of H/D and UD/D are 0.31-0.40 and
ca. 0.37, respectively (Table 2). The exact shell width is not
known, but, judging by the preserved half part, the maximum
width of specimen no. 112591 is ca. 8 mm. The sides and
venter are both broadly rounded and the umbilicus is rather
deep with steep umbilical wall. Both umbilical and ventral
shoulders are gradual. The maximum shell width is at the
center of the side, and therefore, the shell cross section
is nearly circular, although it is suffered from tectonic
flattening. The shell surface is ornamented with simple,
rectiradiate to slightly rursiradiate ribs, which are slightly
strengthened to the venter and fade out before the venter.
On the last whorl there are 26 to 30 ribs

The ventral lobe is not preserved. The large first lateral
lobe is deep with nearly parallel sides and the base of it
has many denticulations. The second lateral lobe is smaller
remarkably than the first and trifurcates at the base, the
middle branch of which is the deepest. There are three
rounded saddles on the side and the second is the widest.

Comparison.—The present specimens from the Fukkoshi
Formation closely resemble Danubites floriani (Mojsisovics,
1882) (originally described as Celtites Floriani) from the
Middle Triassic of Austria in the shell shape, surface
ornamentation and sutural trace. The ratio of UD/D of the
Austrian specimens ranges from 0.32 to 0.45, increasing as
the diameter increase, and those of the present specimens
are in this range. The number of ribs of the former is slightly
larger than those of the latter, but almost the same. The
lateral suture line of the Mojsisovics (1882)’s specimen
(figured in pl. 31, fig. 4 ; at about 39 mm in shell diameter)
is almost similar to that of the present specimen. The both
specimens have the large and deep first lateral lobe with
denticulate base and trifurcated small second lateral lobe.
Both second saddles are wider than the first.

Table 2. Dimensions (in mm) and ratios of Danubites
floriani (Mojsisovics) from the Fukkoshi Formation.
Abbreviations see Table 1.

IGPSno. « D H (H/D) W UD (UD/D)
112591 0° 264 9.0(0.34) 8+  9.8(0.37)
112592 0° 245 ca9.5(0.39) a.9.0 (0.37)
112593 0° ca.39.0 ca.12.0 (0.31) 14.5 (0.37)

90° ca.30.0  11.2(0.37) 10.7 (0.37)
112594 0° ca.29.0 ca.11.5(0.40) 10.2 (0.35)

Occurrence.—Middle part (Fk-1a: nos. 112591, 112592;
Fk-1b: nos. 112593, 112594) of the Fukkoshi Formation at
the southern coast of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Danubites cf. tozeri Korchinskaya
Figures 8.7-8.9

cf. Danubites tozeri Korchinskaya, 1982, p. 60, pl. 16, figs.
7-9, text-figs. B, r; Vavilov and Arkadiev, 1986, p. 41, pl. 3,
fig. 3, text-fig. 3a.

Material examined.—Three specimens, IGPS coll. cat.
nos. 112595-112597.

Descriptive remarks—The specimens are compressed and
sub-evolute. It consists largely of phragmocone with a part
of the living chamber. The shell diameter of the preserved
end of no. 112595 is 36.4 mm with the corresponding
height and umbilical diameter of 13.2 and 15.0 mm
(UDID = 0.41), respectively. At the diameter of ca. 32 mm,
the height and umbilical diameter are 11.4 and 14.2 mm
(UDID = 0.44), respectively. The shell diameter of no. 112596
exceeds 35 mm in the deformed state. At the diameter of
ca. 28.5 mm, about 60° adapical from the preserved end,
the corresponding height and umbilical diameter are ca. 9.0
(H/ID = 0.32) and 12.7 mm (UD/D = 0.45), respectively. At
about 180° adapical from the preserved end (D = ca. 29
mm), height and umbilical diameter are 11.8 and 11.5 mm
(UDID = 0.40), respectively. No. 112597 exceeds 35 mm in
diameter and the ratio of UD/D is ca. 0.41.

The side are broadly convex and the maximum width is
about the center of the side. The steeply dipping umbilical
wall is low but distinct with rounded umbilical shoulder.
The ventral shoulder is rounded but the venter is not well
preserved. The shell surface is ornamented with slightly
rursiradiate, straight, coarse ribs, running from the umbilical
wall to the ventral shoulder. The ribs are slightly broadened
to the ventral shoulder, but seem to not cross the venter.
There are 24 to 26 ribs per volution.

The ventral lobe is not preserved. There are three
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rounded saddles on the lateral side. The second saddle is
widest and the third is small. The first lateral lobe, having
subparallel smooth sides, is wide and deep, and the base
has four denticulations. The second lobe is small and bi- or
tri-furcate. The auxiliary lobe is not seen.

The general shell shape, coarse ribbing and outline of
the suture line of the present species resembles to those
of Danubites tozeri Korchinskaya reported from the lower
Anisian of Svalbard (Korchinskaya, 1982) and eastern
Taimyr (Vavilov and Arkadiev, 1986). But the present forms
differ from the latter two in having oval cross section instead
of sub-square to sub-rectangular, and in having slightly
rursiradiate ribs.

Occurrence.—Middle part (Fk-1a: no. 112595, 112597;
Fk-1b: no. 112596) of the Fukkoshi Formation at the south of
Ozashi, Jusanhama, Kitakami-cho, Ishinomaki City, Miyagi
Prefecture.

Genus Paradanubites Shevyrev, 1968
Type species.—Ceratites (Danubites) kansa Diener, 1895b.

Paradanubites kansa (Diener)
Figures 9.1-9.3

Ceratites (Danubites) kansa Diener, 1895b, p. 103, pl. 29,
fig. 1.

Ceratites (Florianites) kansa (Diener), Diener, 1907, p. 70,
pl. 5, fig. 5.

Danubites kansa Diener, Diener, 1915, p. 116 ; Arkell et al.,
1957 , p. 154, fig. 186.6.

Paradanubites kansa (Diener), Shevyrev, 1968, p. 123 ; He
et al., 1986, p. 228, pl. 5, figs. 22—-30, text-figs. 26¢, 26f.

Material examined.—Three specimens, IGPS coll. cat.
nos. 112598-112600.

Description.—The compressed shell of no. 112598 is
moderately evolute. It consists of phragmocone and body
chamber, and the latter occupies the about 3/4 of the
preserved last whorl. The maximum shell diameter is about
77 mm and corresponding height and umbilical diameter
are ca. 32.0 (H/D = 0.42) and 28. 2 mm (UD/D = 0.37),
respectively. The ratios of UD/D of the inner volutions are
slightly small (0.35-0.34). The cross section of the shell
is elongated oval with convex sides and acutely rounded
venter. The umbilical wall is steep with rounded umbilical
shoulder. The ventral shoulders are broadly rounded. The
maximum shell width is near the center of the flanks, but
at the preserved end it is near the center, but a little to the
venter. The shell surface is ornamented with strong radial
ribs. They run from the umbilical wall, become thickening
slightly, to the ventral shoulder and fade out. There are 34

(inner whorl) to 39 (last whorl) ribs per volution. The venter
is smooth.

Other two specimens are fragmental. Specimen no.
112599 is a phragmocone, the diameter of which attains 48.8
mm and the ratio of UD/D is 0.42. On the last whorl, there
are 34-35 radial ribs per volution. Specimen no. 112600
consists probably phragmocone and body chamber and its
maximum diameter attains 40 mm, but it is ill preserved. It
has 17-18 ribs per half volution.

The external lateral suture of no. 112598 consists of three
rounded saddles and serrated lobes. The ventral lobe is
not preserved. The first lateral lobe is very large and deep
with sides slightly widened toward the base. The base of it
is strongly serrated with deep denticulations and the lower
half of the sides are also serrated. The second lobe is small
and its base tri-furcate remarkably. The small auxiliary lobe
has two denticulations. The first lateral saddle is narrow, the
second is high and wide and the third is small. The external
lateral suture of no. 112599 has deep and denticulate first
lateral lobe, narrow second lateral saddle, small second lobe
with four denticulations and small auxiliary lobe having two
small denticulations.

Comparison.—The general shell shape, surface
ornamentation and suture line of the present specimen are
all very similar to those of the holotype of Paradanubites
kansa (Diener).

Occurrence.—Middle part (Fk-1a: nos. 112598, 112599;
Fk-1b: no. 112600) of the Fukkoshi Formation at the south of
Ozashi, Jusanhama, Kitakami-cho, Ishinomaki City, Miyagi
Prefecture.

Paradanubites cf. kansa (Diener)
Figures 9.4, 9.5

Synonym list compared see above.

Material examined.—Two specimens, IGPS coll. cat. nos.
112601, 112602.

Description.—Two large, discoidal and subevolute
specimens are at hand. One specimen, no. 112601, consists
of about two-thirds of inner volutions and a fragmental outer
one. Its maximum diameter probably exceeds 120 mm.
The body chamber occupies over one volution. The ratio of
UDID is estimated to be about 0.40. Sides are nearly flat
to broadly convex with maximum width at the center of the
side. The umbilical shoulder is broadly rounded and low wall
is steeply dipping. The venter is probably acutely rounded,
though it is not well preserved, with rounded shoulder. The
shell surface is ornamented with radial ribs, which run from
the umbilical wall to ventral shoulder. There are 15-16 ribs
per half volution on the inner whorl. The ribs rarely bifurcate
near the umbilical shoulder.



62 Masayuki Ehiro

Figure 9. Paradanubites from the Fukkoshi Formation in the Kamiwarizaki area, South Kitakami Belt, Northeast Japan.

1-3, Paradanubites kansa (Diener); 1, IGPS coll. cat. no. 112598; 1a, lateral view; 1b, suture line; 2, IGPS
coll. cat. no. 112599; 2a, lateral view; 2b, suture line; 3, IGPS coll. cat. no. 112600, lateral view; 4 and 5;
Paradanubites cf. kansa (Diener); 4, IGPS coll. cat. no. 112601; 4a, lateral view; 4b, suture line; 5, IGPS coll. cat.
no. 112602; 5a, lateral view; 5b, suture line; 6-8, Paradanubites phyllus He; 6, IGPS coll. cat. no. 112606; 6a,
lateral view; 6b, suture line; 7, IGPS coll. cat. no. 112607; 7a, lateral view; 7b, suture line; 8, IGPS coll. cat. no.
112608; 8a, lateral view; 8b, suture line; 9-11, Paradanubites sp.; 9, IGPS coll. cat. no. 112610, lateral view; 10,
IGPS coll. cat. no. 112611, lateral view; 11, IGPS coll. cat. no. 112612, lateral view. Scale bars are 1 cm unless
otherwise stated.
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Another specimen, no. 112602, is fragmental and a
quarter of the shell is preserved. Its diameter probably
reaches 80 mm. The side is nearly flat with acutely rounded
umbilical and ventral shoulders. The umbilicus is shallow.
On the shell surface there are rectiradiate ribs, about 12 per
quarter (about 40 per volution) on the outer whorl.

The external suture lines are both partly preserved,
although somewhat deformed. They consist of three narrow
saddles, having rounded crests, and large and wide first
lobe, small and shallow second lobe, and small auxiliaries
near the umbilical margin. The base of the first lateral lobe
has three deep denticulations and short denticulations
extend up to the both sides, gradually diminishing in size.
The second lobe also deeply denticulate at the base, but the
number of denticulations is rather small: three to five? in no.
112601 and three in no. 112602.

Comparison.—The general shell shape, surface
ornamentation and suture line of the present specimen
are similar to those of Paradanubites kansa (Diener). But
their shell sizes are larger than the known specimens of P.
kansa and the details of the suture line somewhat differ from
each other. Then, it is difficult to identify them with P. kansa
definitely.

Occurrence.—Middle part (Fk-1b) of the Fukkoshi
Formation at the south of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Paradanubites ozashiense sp. nov.
Figures 8.10-8.12

Material examined.—Three specimens, IGPS coll. cat.
nos. 112603 (holotype), 112604 and 112605 (paratypes).

Etymology.—The species name is from the geographic
name “Ozashi” near the fossil locality.

Diagnosis.—Paranubites having rursiradiate, convex,
coarse ribs, the width and interspaces of them are somewhat
irregular. The shell is moderately evolute with oval cross
section. The umbilical side of the second lateral lobe is
smooth.

Description.—Three specimens, slightly deformed
obliquely and flattened laterally, are at hand. They consist
of the phragmocone and body chamber, the latter occupies
at least a half volution. The specimens are compressed
and sub-evolute. The sides are broadly convex with acutely
rounded umbilical shoulder and broadly rounded ventral
shoulder. The maximum shell width is at about the center
of the flank. The venter is probably rounded. The umbilicus
is shallow, but with steep wall. The shell cross section is
elongated oval. In holotype specimen, the maximum shell
diameter attains ca. 51.0 mm, and corresponding height
and umbilical diameter are 16.7 (H/D = 0.35) and 18.5 mm
(UDID = 0.39), respectively. In specimen no. 112604, the

maximum shell diameter is ca. 48 mm, with ratios of H/D
and UD/D are 0.35 and 0.39, respectively. Specimen no.
112605 attains a diameter of 33.5 mm and ratios of H/D and
UDID are 0.37 and 0.31, respectively. The shell surface is
ornamented with slightly rursiradiate, convex ribs. They are
simple and run from the umbilical wall, slightly strengthening
to the venter, and reach to the venter. It is uncertain whether
they cross the venter or not, because the venter is not fully
preserved. The width of ribs and the width of interspaces
are rather irregular and partly associated with very fine ribs.
On the last whorl there are 39—40 (no. 112603) or 34-35 (no.
112604, 112605) primary ribs.

The ventral lobe is not fully preserved and only a part of
one denticulate prong is visible. The depth is about two-
thirds of that of the first lateral lobe. The first lateral lobe is
deep with laterally expand sides and the outline of the lobe
is ellipse. There are numerous strong denticulations on
the base of it and shallow denticulations extend upwards,
reducing in size, to two-thirds of the sides. The second
lateral lobe is small and asymmetrical. The ventral side
is long and serrated from the base to near the top, but
the umbilical one is short and smooth. The auxiliary lobe
is simple. All saddles have rounded crest. The second is
widest and the first is rather elongated vertically.

Comparison.—The present new species is easily
distinguished from other species of the genus Paradanubites
in having small number of ribs, which are rursiradiate and
have rather irregular widths and interspaces, and in having
asymmetrical second lateral lobe.

Occurrence.—Middle part (Fk-1b) of the Fukkoshi
Formation at the southern coast of Ozashi, Jusanhama,
Kitakami-cho, Ishinomaki City, Miyagi Prefecture.

Paradanubites phyllus He
Figures 9.6-9.8

Paradanubites phyllus He in He et al., 1986, p. 231, pl. 6,
figs. 22—-29, text-figs. 26d, 26e.

Material examined.—Four specimens, IGPS coll. cat. nos.
112606—112609.

Description.—The shell is compressed and sub-evolute.
The shell dimeter ranges from 42 to 55 mm, and the ratio
of UD/D ranges 0.37 to 0.42. The flanks are broadly convex
with rounded umbilical and ventral shoulders. The cross
section of the shell is elongated oval and the maximum
shell width is at the center to ventral one-thirds of the flanks.
The venter is not well preserved. The umbilicus is shallow.
The shell surface is ornamented with sharp ribs, which are
rectiradiate and straight, but sometimes slightly concave.
They run from the umbilical wall, become thickening slightly,
to the ventral shoulder and fade out. There are 40 to 46 ribs
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per volution.

The external lateral suture consists of three rounded
saddles and serrated lobes. The ventral lobe is not
preserved. The first lateral lobe is very large. Its sides
expand laterally and the outline of the lobe is sub-circular.
The base of it is strongly denticulate and the denticulations
extend up to the two-thirds of sides. The outline of the
second and probably third lateral lobes are similar to the
first, but small and shallow. All lateral saddles have small,
sub-circular crest.

Comparison.—The general shell shape, surface
ornamentation and suture line, especially the external lateral
suture line of the present specimens are very similar to
those of Paradanubites phyllus He in He et al., 1986.

Occurrence.—Middle part (Fk-1a: of the Fukkoshi
Formation at the south of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Paradanubites sp.
Figures 9.9-9.11

Material examined.—Three specimens, IGPS coll. cat.
nos. 112610-112612.

Descriptive remarks.—The shell is compressed and sub-
evolute. The shell dimeter exceeds 50 mm. The ratio of
UDID is 0.40-0.42 in specimen no. 112611 at D = ca. 40
mm, and ca. 0.32 in specimen no. 112610 at D = ca. 70
mm. The flanks are broadly convex with rounded umbilical
and ventral shoulders. The maximum shell width is near the
center of the flank. The venter is not well preserved. The
umbilicus is shallow. The shell surface is ornamented with
strong rectiradiate ribs. They run from the umbilical wall,
become thickening slightly, to the ventral shoulder and fade
out. In specimen no. 112610, faint striae or growth lines also
run parallel to the ribs. There are 40 to 45 ribs per volution.
The suture is not preserved.

Based on the general shell shape and surface
ornamentation, the specimens are considered to belong to
the genus Paradanubites, and they somewhat resemble
Paradanubites phyllus He. But | refrain from identifying them
at the specific level since no suture line is preserved.

Occurrence.—Middle part (Fk-1a) of the Fukkoshi
Formation at the south of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Family Longobarditidae Spath, 1951
Subfamily Groenlanditinae Assereto, 1966
Genus Groenlandites Kummel, 1953

Type species.—Groenlandites nielseni Kummel, 1953.

Groenlandites sp.

Figures 9.1a, b

Material examined.—A specimen, IGPS coll. cat. no.
112613.

Descriptive Remarks.—A fragmental conch, about a half
of a volution, is compressed and involute. The maximum
shell diameter is ca. 23.0 mm and corresponding height and
umbilical diameter are ca. 11.0 (H/D = 0.48) and ca. 2.0 mm
(UDID = 0.09), respectively. The maximum shell width is at
the umbilical third to the central part of the side. The shell is
laterally flattened tectonically and, in the deformed state, the
maximum width is estimated larger than 6 mm. The sides
are slightly convex with rounded ventral shoulder and the
venter is rounded. The shell surface seems to be almost
smooth.

The external lateral suture consists of five saddles and
lobes. The ventral lobe is not preserved. The first lateral lobe
is widest and deepest with strongly denticulate base. The
second and third lobes, become narrower and shallower
than the first, also have denticulate bases. The bases of the
fourth and fifth lobes seem to be smooth. All saddles have
rounded crests and become smaller to the umbilicus.

Based on the general shell outline and the shape of the
suture, the present specimen is considered to belong to the
genus Groenlandites Kummel, but the specific identification
is difficult due to their poor state of preservation.

Occurrence.—Middle part of the Fukkoshi Formation
(Fk-1a) at the south of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Genus Lenotropites Popov, 1961
Type species.—Lenotropites solitarius Popov, 1961.

Lenotropites spp.
Figures 9.2, 9.3

Material examined.—Two specimens, IGPS coll. cat. nos.
112614, 112615.

Descriptive Remarks.—Two small specimens, the conch
of which are compressed and involute to sub-involute,
are at hand. The smaller one (no. 112614) consists of
phragmocone and body chamber, the latter occupies
more than a half volution. It attains a maximum diameter
of ca. 18.5 mm (at -60° from the preserved end) in the
elliptically deformed state. Its corresponding height and
umbilical diameter are ca. 9.0 and ca. 3.5 mm (UD/D =
0.19), respectively. The sides are broadly convex with the
maximum width near the center of the side. The shell cross
section is oval with broadly rounded umbilical shoulder
and rounded ventral shoulder. The venter may be rounded.
The umbilicus is shallow. Shell surface is ornamented with
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sigmoidal faint ribs or growth lines.

The other specimen (no. 1126105) is also elliptically
deformed and composed of phragmocone and body
chamber. The body chamber reaches more than a volution.
The maximum shell diameter is 25.8 mm (at -30° from the
preserved end), and its corresponding height is 14.9 mm.
The umbilicus is almost closed. The sides are broadly
convex with rounded umbilical and broadly rounded ventral
shoulders. The maximum width is near the umbilical
shoulder to a little on the outer part, and the sides converge
to the venter. The venter is probably rounded. Shell surface
is ornamented with sigmoidal, low, faint ribs and/or growth
lines.

In the both specimens the ventral suture are not
preserved. In specimen no. 112614 the lateral suture
consists probably of five set of saddle and lobe. The
rounded saddles diminish in size towards the umbilicus.
The first and second lateral lobes are deep with parallel
sides and serrated base. The rest are small and shallow,
and their bases are probably rounded. The lateral suture of
the specimen no. 112615 consists of four saddles and at
least three, probably four lobes. The crests of saddles are
all rounded. The first one is the highest and the second to
fourth are gradually diminish in their size. The first lateral
lobe is large and deep with parallel sides. Its base is strongly
denticulate. The second has a similar shape to the first but
smaller in size. The third is small and simple.

Although two specimens slightly differ from each other in
shell morphology and sutural traces, based on their general
shell morphology and the shape of the suture line, they
are considered to belong to the genus Lenotropites Popov,
1961. But it is difficult to identify them at the specific level
because of their poor state of preservation.

Occurrence.—Both from the middle part of the Fukkoshi
Formation (Fk-1b) at the south of Ozashi, Jusanhama,
Kitakami-cho, Ishinomaki City, Miyagi Prefecture.

Subfamily Longobarditinae Spath, 1951
Genus Grambergia Popov 1961

Type species.—Grambergia taimyrensis Popov, 1961.

Grambergia cf. tetsaensis McLearn
Figures 9.4-9.8

cf. Grambergia tetsaensis McLearn, 1969, p. 36, p1. 7, figs.
1-5, text-fig. 15; He et al., 1986, p. 210, pl. 11, figs. 23—
25, 31-33, text-fig. 15a; Tozer, 1994, p. 101, pl. 43, figs.
3, 4, pl. 44, figs. 3, 4, 10, text-figs. 31c, d.

Material examined.—Five specimens, IGPS coll. cat. nos.
112616-112620.

Description.—The specimens are small, ranging their
maximum shell diameters from ca. 21 mm to ca. 32 mm.
They are compressed with almost flat sides and very
involute with the ratios of UD/D = 0.08-0.13. The specimen
no. 112617 and 112619 have acutely rounded to acute
ventral shoulder. In the specimen no. 112618, there is a faint
spiral ridge near the venter on the flank, which probably
corresponds to the ventral shoulder. The surface of the shell
is almost smooth, but in the specimen no. 112618, some
faint sigmoidal growth lines are present.

The external suture lines consist of shallow ventral lobe,
deep and wide first lateral lobe and following 3—4 lobes and
rounded saddles, but they vary in detail among specimens.
The ventral lobe of the specimen no. 112616 is shallow and
divided into serrated prongs by low, rounded median saddle.
The first lateral lobe is widest and deepest with remarkable
denticulation at the base. The second to fourth lateral lobes
are also denticulate, but become considerably shallower and
smaller than the first. The small fifth lobe is V-shaped and
there is probably an additional lobe at the umbilical shoulder.
All lateral saddles are rounded. The ventral lobes of other
specimens are also shallow and divided into two prongs, but
their precise shapes are not seen. The second lateral lobes
of the specimens no. 112617 and 112618 bear denticulations
at the base, whereas that of specimen no.112619 seems to
be smooth, and the following lobes have smooth bases.

Discussion.—Based on their general shell shapes, having
very compressed, nearly flat, smooth sides, and suture lines
with shallow ventral lobe, considerably deep first lateral
lobe and following 4-5 lobes, the present specimens are
considered to belong to the genus Grambergia Popov 1961.
They closely resemble Grambergia tetsaensis McLearn,
1969 in having deep first lateral lobe and high second
saddle, but the precise identification is difficult due to the
poor state of preservation and small size.

Occurrence.—Middle part of the Fukkoshi Formation (Fk-
1a: nos. 112616-112618; Fk-1b: no. 112619; Fk-1c: no.
112620) at the south of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Subfamily Czekanowskitinae Tozer, 1994
Genus Arctohungarites Diener, 1916 b

Type species.—Hungarites triformis Mojsisovics, 1886.

Arctohungarites sp.
Figures 11.1-11.3

Material examined.—Three specimens, IGPS coll. cat.
nos. 112621-112623.

Descriptive remarks.—Three more or less fragmental,
imperfect specimens are at hand. The shell is compressed
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and involute. Specimen no. 112621 consists of phragmocone
and body chamber, but their boundary is not well known.
The shell diameter exceeds 55 mm and estimated ratio of
UDID is ca 0.16. Specimen no. 112622 is a fragment of a
shell having small umbilicus. Specimen no. 112623 attains
a maximum diameter of ca. 59.0 mm, and its corresponding
height and umbilical diameter are ca. 25.0 and 19.0 mm
(UDID = 0.32), respectively. The sides of the specimens are
broadly convex, the maximum width of which is at about the
center of the side. The venter is probably acutely rounded
with rounded ventral shoulder. The umbilicus is shallow
and its shoulder is acutely rounded. The shell cross section
is thin lenticular, although its compressed shell shape is
partly due to the tectonic deformation. The shell surface is
ornamented with widely spaced, low and slightly sinuous
ribs, which run from the umbilical shoulder to near the
ventral shoulder. There are 12-13 ribs per half volution.

The poorly preserved external suture line consists of large
and rounded first lateral saddle, large and deep first lateral
lobe, the base of which is denticulate, second rounded
saddle, medium-sized, serrated second lateral lobe, small
rounded third saddle, small third lateral lobe and small
fourth lateral saddle. The base of the third lobe is not well
observed.

Based on the general shell shape, surface ornamentation
and outline of external suture line, the present specimens
are considered to belong to the genus Arctohungarites
Diener, 1916b with high probability. But it is difficult to
identify them at the specific level because of their poor state
of preservation.

Occurrence.—All from the middle part of the Fukkoshi
Formation (Fk-1b) at the south of Ozashi, Jusanhama,
Kitakami-cho, Ishinomaki City, Miyagi Prefecture.

Longobarditidae? gen. and sp. indet.
Figure 9.10

Material examined.—One specimen, IGPS coll. cat. no.
112624.

Descriptive Remarks.—A small specimen is at hand. It
is compressed and involute. The conch attains about 14.0
mm in diameter and the corresponding umbilical diameter
is 2.8 mm (UD/D = ca. 0.20). The sides are convex and
the venter is probably carinate or acutely rounded without
remarkable ventral shoulder. The shell surface has rather
strong, sinuous ribs. They run from the umbilical shoulder to
the ventral one-fourth, with maximum height at the center of
the side, and fade out. There are 25 ribs per volution. The
suture is not preserved.

The general shell outline and its rib pattern of the present
specimen are somewhat similar to those of Groenlandites
silberlingi Tozer, 1994. But the present specimen is so small

in size, poor state of preservation and lacks suture line.
Moreover, some species belong to the longobarditid genera,
such as Lenotropites Popov, 1961 and Intornites Assereto,
1966, have similar shell shape and ornamentation in their
early ontogenetic stages.

Occurrence.—Middle part of the Fukkoshi Formation
(Fk-1b) at the south of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Superfamily Arcestoidea Mojsisovics, 1875
Family Cladiscitidae Zittel, 1884
Subfamily Procladiscitinae Gamsjager, 1982
Procladiscites Mojsisovics, 1882

Type species.—Procladiscites broncoi Mojsisovics, 1882.

Procladiscites brancoi Mojsisovics
Figures 11.4-11.6

Procladiscites broncoi Mojsisovics, 1882, p. 114, pl. 48, figs.
1-2 ; Arthaber, 1896, p. 85; 1915, p.175, pl. 5, fig. 8; He et
al., 1986, p. 233, pl. 18, figs. 6-16, 20-22, text-figs. 28a—
b; Germani, 1997, p. 288, pl. 3, figs. 2a-b, text-fig. 11.

Procladiscites brancoi Mojsisovics var., Salopek, 1911, p.
24, pl. 2, figs. 3a-b.

Procladiscites cf. yasoda Diener, Welter, 1915, p. 112, pl. 9,
fig. 4.

Material examined.—Three specimens, IGPS coll. cat.
nos. 112625-112627.

Description.—Two specimens (specimens no. 112625 and
no. 112627) are side of the conch and the rest (no. 112626)
is a fragment of the venter. The conch is compressed and
involute with almost closed umbilicus. The sides are slightly
convex with maximum width at half height of the whorl.
The umbilical shoulder is rounded. The venter is not well
preserved, but seems to be acutely rounded to rounded. The
shell surface is ornamented with numerous spiral striae.

The lateral suture consists of phylloid and terminated
lateral saddles and denticulate ptychitid lateral lobes. The
ventral lobe, only preserved in the fragmental specimen
(no. 112626), is divided into two prongs by a moderately
high median saddle. The base of the prong has two deep
denticulations. The crests of first three lateral saddles are
semi-triangular. The second lateral saddle is the highest and
then saddles are become smaller to the umbilicus. There are
at least six, probably eight to nine, lateral lobes. The bases
of these lobes are deeply denticulate. The second lateral
lobe is the largest and deepest, and the third has about a
half depth of the second and following ones become smaller
to the umbilicus.

Discussion.—Based on the general shell shape and
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Figure 10. Groenlandites, Lenotropites, Grambergia and Longobarditidae? gen. and sp. indet. from the Fukkoshi Formation
in the Kamiwarizaki area, South Kitakami Belt, Northeast Japan.
1, Groenlandites sp., IGPS coll. cat. no. 112613; 1a, lateral view; 1b, suture line; 2 and 3, Lenotropites sp.; 2,
IGPS coll. cat. no. 112614; 2a, lateral view; 2b, suture line; 3, IGPS coll. cat. no. 112615; 3a, lateral view; 3b,
suture line; 4-8, Grambergia cf. tetsaensis McLearn; 4, IGPS coll. cat. no. 112616; 4a, lateral view; 4b, suture
line; 5, IGPS coll. cat. no. 112617; 5a, lateral view; 5b, suture line; 6, IGPS coll. cat. no. 112618; 6a, lateral view;
6b, suture line; 7, IGPS coll. cat. no. 112619; 7a, lateral view; 7b, suture line; 8, IGPS coll. cat. no. 112620,
lateral view; 9, Longobarditidae? gen. and sp. indet., IGPS coll. cat. no. 112624. Scale bars are 1 cm unless

otherwise stated.

surface ornamentation, the present species is well identified
with Procladiscites broncoi Mojsisovics, 1882. They differ
only in details of the median saddle of the ventral lobe:
The sides of it is simple in the holotype, but serrated in the
Fukkoshi specimen. Welter’s (1915) specimen from Timor
has similar serrated median saddles. P. towaensis (Bando
and Ehiro) (originally described as Eosturia towaensis
Bando and Ehiro, 1982) from the uppermostpart of the

underlying Osawa Formation is somewhat similar to the
present species in the general shape of the suture line, but
clearly distingished by having lateral ribs along the ventral
margin.

Occurrence.—Middle part of the Fukkoshi Formation (Fk-
1a: nos. 112625, 112626; Fk-1b: no. 112627) at the south of
Ozashi, Jusanhama, Kitakami-cho, Ishinomaki City, Miyagi
Prefecture.
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Procladiscites sp.
Figure 11.7

Material examined.—IGPS coll. cat. no. 112628.

Descriptive remarks.—Two fragments of lateral part and
one fragment of ventral part, yield adjoining each other, are
at hand. It is unclear whether they are parts of the same
individual or not. The largest fragment consists of flat flank
with the umbilical margin, which is slightly depressed gently.
It attains more than 70 mm in height, and the umbilicus
is rather small, probably less than 15 mm. Another small
fragment of a part of a flank is also flat and more than 30
mm in height. The ventral fragment has broadly rounded
venter and apparent shell width attains more than 27
mm. The shell surface of both the venter and flank are
ornamented with numerous spiral striae. The suture is not
preserved.

Although the specimens are fragmental, based on the
estimated shell shape and surface ornamentation the
present species is considered to belong to the genus
Procladiscites. The specific identification, however, is difficult
because of the poor state of preservation.

Occurrence.—Middle part of the Fukkoshi Formation
(Fk-1b) at the south of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Order Phylloceratida Zittel, 1884
Superfamily Ussuritoidea Hyatt, 1900
Family Palaeophyllitidae Popov, in Luppov and Drushchits,
1958
Genus Leiophyllites Diener, 1915

Type species.—Monophyllites suessi Mojsisovics, 1882.

Leiophyllites cf. confucii (Diener)
Figure 12.1

cf. Monophyllites Confucii Diener, 1895b, p. 107, pl. 30, fig.

7, pl. 31, figs. 1, 2; Diener. 1907, p. 107, pl. 13, fig. 10;

Arthaber, 1915, p. 151, pl. 13, fig. 6.

Monophyllites cf. suessi Toula, 1896, p. 171, pl. 20, fig. 7.

Monophyllites (Leiophyllites) confucii (Diener), Frech,
1903, p. 17, fig. 4; Diener, 1915, p. 205.

Monophyllites (Monophyillites) confucii Diener, Diener,
1907, p. 103, pl. 13, fig. 10.

Leiophyllites confucii (Diener), Wang et al., 1979, p. 53,
pl. 14, figs, 9, 10, text-fig. 30a.

Leiophyllites visendus Shevyrev, 1968, p. 113, pl. 6, fig. 2,
text-fig. 26.

Leiophyllites taramelti (Martelli), 1906, p. 135, pl. 6, figs.
3-4.

Material examined.—One specimen, IGPS coll. cat. no.
112529.

Descriptive remarks.—Small specimen is extremely
discoidal and evolute to very evolute, with slowly increasing
whorls. Specimen attains a diameter of ca. 17.0 mm, and
its corresponding height and umbilical diameter are ca. 4.0
(H/D = 0.24) and 10.0-10.5 mm (UD/D = ca. 0.60),
respectively. The sides are broadly convex and the
maximum shell width is at the center of the flanks. The
umbilical and ventral shoulders are rounded. The umbilicus
is very shallow. The venter is not well preserved. Suture is
not preserved.

Based on in its shell shape, especially having large
umbilicus and slowly increasing height, the present species
resemble to Leiophyllites confucii (Diener) described
from Himalayas and eastern Europe. But, the precise
identification at the specific level is difficult because it lacks
suture line.

Occurrence.—Upper part (Fk-5) of the Fukkoshi Formation
at the eastern coast of Terahama, Togura, Minamisanriku
Towny, Miyagi Prefecture, Miyagi Prefecture.

Leiophyllites pitamaha (Diener)
Figures 11.2-11.7

Monophyllites pitamaha Diener, 1895b, p. 107, pl. 31, figs. 5,
7, 8.

Xenodiscus middlemissi Diener, 1895b, p. 110, pl. 30, fig. 6.

Monophyllites (Leiophyllites) pitamaha (Diener), Diener,
1915, p. 205; Kutassy, 1932, p. 595; Mitrova and
Nestorovsky, 1960, p. 105, pl. 1, fig. 2.

Xenodiscus indo-australica Welter, 1915, p. 129, pl. 93, fig.
4.

Leiophyllites pitamaha (Diener), Spath, 1934, p. 297;
Shevyrev, 1968, p. 112, pl. 6, fig. 3, text-fig. 25; Wang et
al.,, 1979, p. 54, pl. 15, fig.4; Fantini Sestini, 1981, p. 57;
He et al., 1986, p. 252, pl. 16, figs. 4-12, 16-22, text-fig.
29.

Leiophyllites? middlemissi (Diener). Spath, 1934, p. 308.

Xenaspis laevis Welter. Bender, 1970, p. 429, pl. 2, fig. 8.

Leiophyllites stoecklini Tozer, 1972, p. 37, pl. 5, fig. 5, text-
fig. 2B.

Leiophyllites cf. middlemissi (Diener). Wang and He, 1976, p.
429, pl. 47, figs. 6-8, text-fig. 73c.

Leiophyllites cf. pitamaha (Diener). Wang and He, 1976, p.
430, pl. 47, figs. 14, 15, pl. 48, figs. 8, 9, text-fig. 73e.

Leiophyllites aff. pitamaha (Diener). Fantini Sestini, 1988, p.
69, pl.14, fig. 5.

Material examined.—Seven specimens, IGPS coll. cat.
nos. 112630-112636.
Description.—The shell is discoidal and evolute. The
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Figure 11. Arctohungarites and Procladiscites from the Fukkoshi Formation in the Kamiwarizaki area, South Kitakami Belt,

Northeast Japan.

1-3, Arctohungarites sp.; 1, IGPS coll. cat. no. 112621; 1a, lateral view; 1b, suture line; 2, IGPS coll. cat.
no. 112622, lateral view; 3, IGPS coll. cat. no. 112623; 3a, lateral view; 3b, suture line; 4—6, Procladiscites
brancoi Mojsisovics; 4, IGPS coll. cat. no. 112625; 4a, lateral view; 4b, suture line; 5, IGPS coll. cat. no. 112626;
5a, ventral view; 5b, suture line; 6, IGPS coll. cat. no. 112627, lateral view; 7, Procladiscites sp., IGPS coll. cat.
no. 112628, lateral (7a and 7b) and ventral (7c) views. Scale bars are 1 cm unless otherwise stated.

maximum diameter ranges from 28 mm to more than 75
mm. The larger specimens (D > 40 mm) are composed of
phragmocone and body chamber, the latter occupies over
a half volution. The ratio of H/D ranges from 0.26 to 0.39,
but mostly about 0.30. The ratio of UD/D ranges from 0.44
to 0.53, but mostly 0.48 to 0.53 (Table 3). The sides are
nearly flat to slightly convex. The umbilicus is shallow with
moderately inclined wall and rounded umbilical shoulder.
The venter is acutely rounded with broadly rounded
umbilical shoulder which continued to the flanks without
clear boundary. The cross section is compressed oval. Inner
whorls are sometimes ornamented by faint and low, radial to
concave ribs or fold. The surface of outer whorls is almost

smooth, but often have faint sigmoidal ribs or growth lines.
Constrictions parallel to the ribs or growth lines are rarely
visible on the last whorl.

The ventral lobe is not well preserved, but shallow. The
first lateral lobe is wide and its base has irregular, strong
denticulations, seven to eight in number. The second lobe
is small, but it also has four to five strong denticulations.
Auxiliary lobe is simple and pointed. There are three
saddles on the lateral side. The saddles are all rounded and
narrowed toward the base. The second saddle is highest
and the third is small.

Discussion.—The present specimens are very similar to
Leiophyllites pitamaha Diener reported from the Anisian
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Figure 12. Leiophyllites from the Fukkoshi Formation in the Kamiwarizaki area, South Kitakami Belt, Northeast Japan.

1, Leiophyllites cf. confucii (Diener), IGPS coll. cat. no. 112629, lateral view; 2—7, Leiophyllites pitamaha
(Diener); 2, IGPS coll. cat. no. 112632, lateral view; 3, IGPS coll. cat. no. 112633, lateral view; 4, IGPS coll.
cat. no. 112630; 4a, lateral view; 4b, suture line; 5, IGPS coll. cat. no. 112631; 5a, lateral view; 5b, suture line;
6, IGPS coll. cat. no. 112635, lateral view; 7, IGPS coll. cat. no. 112636, lateral view; 8 and 9, Leiophyllites
cf. praematurus Kiparisova; 8, IGPS coll. cat. no. 112637; 8a, lateral view; 8b, suture line; 9, IGPS coll. cat.
no. 112638; 9a, lateral view; 9b, suture line; 10, Leiophyllites sp. A; 10a, lateral view; 10b, suture line; 11-13,
Leiophyllites sp. B; 11, IGPS coll. cat. no. 112657, lateral view; 12, IGPS coll. cat. no. 112658, lateral view;13,
IGPS coll. cat. no. 112661, lateral view. Scale bars are 1 cm unless otherwise stated.

strata of Himalayas, Qinghai and east Europe, in the general
shell shape, surface ornamentation, although the umbilicus
of the present specimens is slightly larger than that of the
holotype (UDID = 0.44).

Occurrence.—Middle part of the Fukkoshi Formation (Fk-

1c: no. 112635; Fk-1a: nos. 112630-112634) at the south
of Ozashi, Jusanhama, Kitakami-cho, Ishinomaki City,
and upper part (Fk-6: no. 112636) at the eastern coast of
Terahama, Togura, Minamisanriku Town, Miyagi Prefecture.
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Table 3. Dimensions (in mm) and ratios of Leiophyllites
pitamaha (Diener) from the Fukkoshi Formation.
Abbreviations see Table 1.

IGPSno. « D H (H/D) W UD (UD/D)
112630 -90° ca.53.0  15.5(0.29) 4-5 26.5(0.50)

-180° ca.38.0  11.5(0.30) 20.0 (0.53)
112631 0° ca.55.0 14.5(026) 2 28.5(0.52)

90° ca.40.5  12.0(0.30) 20.0 (0.53)
112632 -90°  47.4 ca.18.5(0.39) 20.8 (0.44)
112633 0° ca.55.0 ca.15.0 (0.37) 27.5 (0.50)
112634 0° 564 16.4(0.29) 27.5 (0.49)
112635 0° ca.34.5 9.6 (0.28) 16.4 (0.48)
112636 0° 294  10.5(0.33) 13.7 (0.46)

Leiophyllites cf. praematurus Kiparisova, 1958
Figures 11.8, 11.9

cf. Leiophyllites praematurus Kiparisova, in Kiparisova and
Popov, 1958, p. 32, pl. 7, fig. 13, text-fig. 176; Kiparisova,
1961, p. 134, pl. 28, figs. 5, 6, text-figs. 101, 102.
Leiophyllites pitamaha Diener. Kummel, 1969, p. 531,
text-fig. 49B.

Material examined.—Two specimens, IGPS coll. cat. nos.
112637, 112638.

Descriptive remarks.—Two specimens are both
phragmocone, and the shell is discoidal and sub-evolute to
evolute. The maximum shell diameter of the small specimen
(no. 112636) is 19.6 mm and the corresponding height and
umbilical diameter are 5.6 (H/D = 0.29) and 9.0 mm (UD/D =
0.46), respectively. The larger specimen (no. 112637) attains
a maximum diameter of ca. 25 mm and its corresponding
height and umbilical diameter are ca. 9.5 (H/D = 0.38)
and 10.2 mm (UD/D = 0.41), respectively. The sides are
rounded in the smaller specimen and broadly convex in the
larger one, with the maximum width near the center of the
flank. The venter of the small specimen is rounded with a
keel. That of the larger specimen is not well preserved. The
umbilicus is shallow. Both the ventral and umbilical shoulder
are indistinct and rounded to convex side continue to the
venter and umbilical wall. The conch section is compressed
oval, and that of the larger one is more compressed. There
are short, low but wide ribs, slightly curved backward, on the
inner side of the flanks of the smaller specimen. The shell
surface of the larger specimen is nearly smooth, but similar
short ribs are on the inner whorls.

The ventral lobe is not seen. The external lateral suture
consists of three saddles, two lobes and auxiliary ones.
All saddles have rounded crests and nearly parallel sides.

The first and second saddles have nearly the same height,
but the third is considerably small. The first lateral lobe is
deep with subparallel sides. The base of it has six strong
denticulations and the lower part of the sides are also
denticulate, though very weak. The second lobe is shallow
and its base has three short or indistinct denticules. The
auxiliary lobe is simple and pointed.

Although there are some differences in the ratio of
HID and UD/D and surface ornamentation between the
two materials described, their general shell form and
sutural shape resemble those of Leiophyllites praematurus
Kiparisova (1958, 1968). But the present species differs
from the latter in having a ventral keel. The present species
also somewhat resembles L. laevis (Welter) form 1 (originally
as Xenaspis laevis) from the Anisian of Timor (Welter, 1915,
p. 130, pl. 10, figs. 7a—7b). The Timor specimen differs from
L. praematurus in having larger umbilicus and in having
downwardly narrowed saddles.

Occurrence.—Middle part of the Fukkoshi Formation
(Fk-1a: no. 112637; Fk-1b: 112638) at the south of
Ozashi, Jusanhama, Kitakami-cho, Ishinomaki City, Miyagi
Prefecture.

Leiophyllites suessi (Mojsisovics)
Figures 13.1-13.7

Monophyillites Suessi Mojsisovics, 1882, p. 205, pl. 79, fig.4;
Hauer, 1887, p. 33; Patte, 1926, p. 185, pl. 12, figs. 6, 7.
Monophyllites (Mojsvarites) Suessi Mojsisovics, Kraus,

1916, p. 289.

Monophyllites (Leiophyllites) Suessi (Mojsisovics), Renz,
1931, p. 57; Kutassy, 1932, p. 595.

Leiophyllites suessi (Mojsisovics), Spath, 1934, p. 303, text-
fig. 104b; Wiedmann, 1970, p. 969, pl. 1, figs. 1, 2, text-
fig. 3.

Leiophyllites pradyumna (Diener), Zakharov, 1968, p. 124,
pl. 23, figs. 2, 3, text-fig. 29h.

Leiophyllites suessi (Mojsisovics), Krystyn and Tatzreiter,
1991, p. 142, pl. 2, fig. 7.

Material examined.—Ten specimens, IGPS coll. cat. nos.
112639-112648.

Description.—The shell is discoidal and sub-evolute to
evolute. The maximum diameter ranges from 24 mm to
more than 70 mm. They are composed of phragmocone
and body chamber, the latter occupies over three-fourth of
the last whorl. The ratio of H/D ranges from 0.29 to 0.35
(mostly 0.31-0.35) and that of UD/D ranges from 0.41 to 0.53
(mostly 0.45-0.48) (Table 4). The sides are broadly convex
to rounded with maximum width near the umbilical shoulder
to the center of the flank. The venter is acutely rounded with
rounded ventral shoulder. The umbilicus is shallow. There
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Table 4. Dimensions (in mm) and ratios of Leiophyllites
suessi (Mojsisovics) from the Fukkoshi Formation.
Abbreviations see Table 1.

IGPSno. « D H (H/D) W UD (UD/D)
112639  -90°  47.1  15.8(0.34) 21.6 (0.46)
112640  -30°  49.8  14.2(0.29) 22.6 (0.45)
112641 0° 454  14.2(0.31) 21.3(0.47)
112642 -30° ¢a.70.0  23.8(0.34) 31.5 (0.45)
112643  -90° ca.61.0  19.0 (0.31) 29.0 (0.48)
112644 0° ca.24.0 ca.7.0(0.29) 11.5 (0.48)
112645 0° ca.58.0 ca.18.0 (0.31) 27.0 (0.47)
112646 0° ca.55.0  19.2(0.35) 23.6 (0.43)
112647  -30° ca35.0 11.8(0.34) 14.5 (0.41)
112648 0° ca28.0  9.8(0.35) 14.7 (0.53)

is no remarkable umbilical shoulder and the sides gradually
down into the umbilical seam. The cross section of the conch
is elongated oval. The shell surface is almost smooth, but on
the last whorl there are faint, slightly convex to falcoid ribs or
growth lines. Many strong and wide constrictions, which are
also convex to falcoid, are also visible on the outer whorl.
They number four to eight, mostly six to seven per volution.

The external suture consists of three saddles, two
lobes and auxiliary ones. The ventral lobe is not well
preserved and only a part of the prong, having at least three
denticulations at the base, is visible. The crests of saddles
are all rounded. The saddles are vertically elongated and
become narrower downward. The second one is the highest.
The first lateral lobe is deep and wide, and expanded
base has five to seven (mostly five) strong denticulations.
The second lobe has a similar shape to the first, including
the denticulation, but smaller in size, The auxiliary one is
composed of a small, pointed lobe, and low and wide saddle
on the umbilical shoulder.

Discussion.—The present specimens from the Fukkoshi
Formation are very similar to Leiophyllites suessi
(Mojsisovics) reported from the Anisian strata of east Europe
in the general shell shape, surface ornamentation and the
outline of the suture line. A slight deference between them
is a number of constrictions. The Fukkoshi specimens
have more constrictions than the European specimens.
Leiophyllites pradyumna (Diener) resembles to Leiophyllites
suessi (Mojsisovics) in the general shell shape and shape
of the suture. But it differs from the latter in having bulges
(ribs) instead of constrictions on the shell surface. L.
pseudopradyumna Welter, 1915 is also distinguished from
the present species in having bulges.

Occurrence.—Middle part of the Fukkoshi Formation (Fk-
1c: nos. 112645-112648; Fk-1a: nos. 112639-112644) at
the south of Ozashi, Jusanhama, Kitakami-cho, Ishinomaki

City, Miyagi Prefecture.

Leiophyllites wakoi Ehiro, Sasaki and Kano
Figures 14.1-14.6

Leiophyllites wakoi Ehiro, Sasaki and Kano, 2016, p. 99,
figs. 4.4a—d.

Material examined.—Seven specimens, IGPS coll. cat.
nos. 112649-112655.

Descriptive remarks.—Small- to medium-sized shells
are discoidal and evolute. They consist of phragmocone
and a part of the body chamber. The shell diameter ranges
from ca. 25 to 58 mm. The ratio of H/D ranges from 0.27
to 0.31 and that of UD/D varies from 0.47 to 0.53 (mostly
around 0.50) (Table 5). The sides are broadly convex to
flat at maturity, with broadly rounded umbilical and ventral
shoulders. The maximum conch width is near the center
of the flank. The cross section is flattened oval. The shell
surface of the inner whorls seems to be smooth, whereas
fine but distinct, biconcave ribs are on the outer whorl. Some
shallow constrictions parallel to the ribs are also present.

The ventral lobe is not well preserved and only a part of its
prong is visible, which has denticulate base. The first lateral
lobe is large and its rounded base has five to seven, slightly
irregular denticulations. The second lobe is about half depth
of the first and asymmetrical. It has four to six denticulations.
Main deep denticulations are at the base. Small, one or two
denticulations are up to the lower part of the ventral side,
whereas the umbilical side is smooth. The auxiliary lobe is
simple and pointed. There are three rounded saddles on the
lateral side. The second is largest and highest, and the third
is small.

The general shell shape and especially the biconcave ribs
on the last volution of the present specimens are closely
similar to those of Leiophyllites wakoi described by Ehiro

Table 5. Dimensions (in mm) and ratios of Leiophyllites
wakoi Ehiro, Sasaki and Kano from the Fukkoshi
Formation. Abbreviations see Table 1.

IGPSno.  « D H (H/D) W UD (UD/D)
112649 0° ca.39.5 ca.11.0 (0.28) 20.4 (0.52)

-180°  28.4 ca.8.0 (0.28) 15.1 (0.53)
112650  -70° ca.34.0  10.2(0.30) 17.1 (0.50)
112651 0° ca.30.5 ca.8.8(0.29) 15.6 (0.51)
112652 0° ca.33.0 ca.10.0 (0.30) 16.4 (0.50)
112653  -60° ca.25.4 ca.8.0 (0.31) 12.4 (0.49)
112654  -90° ca.58.0  15.7(0.27) 4- 29.0(0.50)
112655 0° ca3l.5 ca9.5(0.30) 14.8 (0.47)
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Figure 13. Leiophyllites suessi (Mojsisovics) from the Fukkoshi Formation in the Kamiwarizaki area, South Kitakami Belt,

Northeast Japan.

1, IGPS coll. cat. no. 112639; 1a, lateral view; 1b, suture line; 2, IGPS coll. cat. no. 112640; 2a, lateral view; 2b,
suture line; 3, IGPS coll. cat. no. 112641, lateral view; 4, IGPS coll. cat. no. 112642, lateral view; 5, IGPS coll.
cat. no. 112643, lateral view; 6, IGPS coll. cat. no. 112644; 6a, lateral view; 6b, suture line; 7, IGPS coll. cat. no.
112645; 7a, lateral view; 7b, suture line. Scale bars are 1 cm unless otherwise stated.

et al. (2016) from the underlying late Olenekian Osawa
Formation. The ratio of UD/D of the latter is rather small (0.40
at D = 65-90 mm), but it is 0.45-0.46 at D = 43 mm, and
almost the same as the present specimens.

Occurrence.—Middle part of the Fukkoshi Formation
(Fk-1a: nos. 112649, 112651-112654; Fk-1b: nos. 112650,
112655) at the south of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Leiophyillites sp. A
Figure 12.10a, b

Material examined.—One specimen, IGPS coll. cat. no.
112656.

Descriptive remarks.—An outer mold of moderately
large specimen with impressions of suture lines are at

hand. It consists of phragmocone and body chamber, the
latter occupies about a half part of the last volution. The
shell is probably extremely discoidal and sub-evolute. The
maximum shell dimeter attains more than 97 mm, and at D
= ca. 81 mm, corresponding height and umbilical diameter
are ca. 25.0 and 35. 5 mm (UD/D = 0.44), respectively. The
side is broadly convex with broadly rounded umbilical and
ventral shoulders. The maximum shell width is near the
umbilical shoulder and the sides slightly converge to the
venter. The venter is not well preserved. The shell surface
is almost smooth. The external lateral suture, preserved
as impressions on the outer mold, consists of the first and
second lateral saddles and first and second lateral lobes.
The crests of saddles are both rounded and the second
lateral saddle is higher than the first. The first lateral lobe is
deep and wide, and its base has many denticulations. The
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Figure 14. Leiophyllites wakoi and Ussuriphyllites amurensis from the Fukkoshi Formation in the Kamiwarizaki area, South

Kitakami Belt, Northeast Japan.

1-6, Leiophyllites wakoi Ehiro, Sasaki and Kano; 1, IGPS coll. cat. no. 112649; 1a, lateral view; 1b, suture line; 2,
IGPS coll. cat. no. 112650, lateral view; 3, IGPS coll. cat. no. 112651; 3a, lateral view; 3b, suture line; 4, IGPS
coll. cat. no. 112652, lateral view; 5, IGPS coll. cat. no. 112653, lateral view; 6, IGPS coll. cat. no. 112654; 6a,
lateral view; 6b, suture line; 7 and 8; Ussuriphyllites amurensis (Kiparisova); 7, IGPS coll. cat. no. 112663; 7a,
lateral view; 7b, suture line; 8, IGPS coll. cat. no. 112662; 8a, lateral view; 8b, suture line. Scale bars are 1 cm

unless otherwise stated.

second lobe is shallow and small, and its base is probably
tri-denticulate. The ventral lobe is not preserved and there
is some space between the third saddle and the umbilical
edge.

Based on the general shell form and suture line, the
present specimen is considered to belong certainly
the genus Leiophyllites Diener, 1915, but the specific
identification is difficult because of its poor state of
preservation. This specimen is clearly larger than the other
Leiophyllites species collected from nearly the same horizon
at the south of Ozashi (Fk-1a—1c).

Occurrence.—Middle part of the Fukkoshi Formation
(Fk-3a) at the west of Ozashi, Jusanhama, Kitakami-cho,
Ishinomaki City, Miyagi Prefecture.

Leiophyillites sp. B
Figures 12.11-12.13

Material examined.—Five specimens, IGPS coll. cat. nos.
112657-112661.

Descriptive remarks.—Small shells are discoidal and
evolute. The maximum shell diameter ranges from ca. 20 to
40 mm. The ratio of H/D ranges from 0.20 to 0.32, but mostly
around 0.30. The ratio of UD/D varies from 0.47 to 0.60.
They have five to six volutions at D = 20 mm. The sides are
broadly convex to flat, with broadly rounded umbilical and
ventral shoulders. The maximum conch width is near the
center of the flank. The umbilicus is very shallow. The cross
section is flattened oval. The shell surface is almost smooth.
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The suture is not preserved.

Based on the general shell form, the present specimen
is considered to belong certainly the genus Leiophyllites
Diener, 1915 and somewhat similar to the juvenile shell of L.
pitamaha, but the specific identification is difficult because
they lack of suture line and are poor state of preservation.

Occurrence.—Middle part of the Fukkoshi Formation (Fk-
1c¢: nos. 112657-112660; Fk-1a: no. 112661) at the south of
Ozashi, Jusanhama, Kitakami-cho, Ishinomaki City, Miyagi
Prefecture.

Genus Ussuriphyllites Zakharov, 1967
Type species.—Eophyllites amurensis Kiparisova, 1961.

Ussuriphyllites amurensis (Kiparisova)
Figures 14.7, 14.8

Eophyllites amurensis Kiparisova, 1961, p. 137, pl. 28, figs.
7, 8, text-fig. 104.

Ussuriphyllites amurensis (Kiparisova), Zakharov, 1967, p.
50, pl. 4, figs. 8-10, text-figs. 1g, 1h, 2; Zakharov, 1968,
p. 123, pl. 22, figs. 12, 13, pl. 23, fig. 1; Zakharov et al.,
2005a, fig. 3; Zakharov et al., 2005b, fig. 8; Shigeta and
Kumagae, 2016, p. 54, figs. 6A, 6B.

Material examined.—Two specimens, IGPS coll. cat. nos.
112662, 112663.

Description.—Two specimens are discoidal and sub-
involute, and consists of phragmocone and body chamber,
the latter of which occupies about three-fourth of the last
whorl. The sides are broadly convex. The maximum width
is at about the center of the flank, from where the flank
converges to both the venter and umbilicus. The umbilicus
is very shallow without distinct umbilical wall. The venter is
not well preserved, but seems to be acute or carinated. The
shell cross section is lenticular. The maximum shell dimeter
of specimen no. 112662 attains more than 60 mm, and at D
= ca. 58 mm, corresponding height and umbilical diameter
are 23.8 and 15.5 mm (UD/D = 0.28), respectively. Another
smaller specimen (no. 112663: max. D > 45 mm) has
rather small umbilicus (UD/D < 0.08). The shell surface is
ornamented with faint, slightly sigmoidal, fine radial ribs and
fine, sparse, concentric ribs. There are four to five concentric
ribs between the umbilical shoulder to the ventral shoulder.

The ventral lobe is partly preserved and its base is
serrated. Three lateral saddles have rounded crest. The
second is largest and the third is small. The first and
second lateral lobes are denticulate at the base and the
denticulations are up to the one-third of the sides in the
specimen no. 112662. The auxiliary loves are irregular in
shape and size.

Discussion.—The shell shape, surface ornamentation
and outline of the suture line of the present specimens
from the Fukkoshi Formation are identical with those of
Ussuriphyllites amurensis (Kiparisova) reported from the
Triassic strata of South Primorye, Far East Russia, although
the umbilicus is rather small in the small specimen.

Occurrence.—Middle part of the Fukkoshi Formation
(Fk-1a: no. 112662; Fk-1b: no. 112663) at the south of
Ozashi, Jusanhama, Kitakami-cho, Ishinomaki City, Miyagi
Prefecture.

Discussion

Ammonoid fauna of the Fukkoshi Formation and its
geologic age
Fukkoshi ammonoid fauna comprises 13 families, 21
genera and about 40 species listed below:
Family Hemilecanitidae
Hemilecanites discus (Arthaber)
Family Sageceratidae
Parasageceras aff. discoidale Welter
Family Hedenstroemiidae
Pseudosageceras multilobatum Noetling
Family Parapopanoceratidae
Parapopanoceras involutum sp. nov.
Family Megaphyllitidae
Megaphyllites sp.
Family Khvalynitidae
Metadagnoceras spp.
Psilokhvalynites takaizumii gen. and sp. nov.
Family Acrochordiceratidae
Paracrochordiceras cf. denseplicatum Fantini Sestini
Paracrochordiceras watanabei sp. nov.
Paracrochordiceras spp.
Family Japonitidae
Aegeiceras? sp.
Eogymnites sp.
Japonites cf. meridianus Welter
Japonites raphaelizoyae (Tommasi)
Japonites spp.
Family Gymnitidae
Buddhaites? sp.
Family Danubitidae
Danubites cf. ambika Diener
Danubites floriani (Mojsisovics)
Danubites cf. tozeri Korchinskaya
Paradanubites kansa (Diener)
Paradanubites cf. kansa (Diener)
Paradanubites ozashiense sp. nov.
Paradanubites phyllus He
Paradanubites sp.
Family Longobarditidae
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Figure 15. Stratigraphic distribution of ammonoid species from the Fukkoshi Formation in the Kamiwarizaki area, South
Kitakami Belt, Northeast Japan. Ammonoids from the uppermost part of the Osawa Formation at the south of
Asadanuki and from the lowermost part of the Isatomae Formation at Kudanohama are also shown.
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Groenlandites sp.

Lenotropites spp.

Grambergia cf. tetsaensis McLearn

Arctohungarites sp.

Longobarditidae? gen. and sp. indet.

Family Cladiscitidae
Procladiscites brancoi Mojsisovics
Procladiscites sp.

Family Palaeophyllitidae

Leiophyllites cf. confucii (Diener)

Leiophyllites pitamaha (Diener)

Leiophyliites cf. praematurus Kiparisova

Leiophyllites suessi (Mojsisovics)

Leiophyllites wakoi Ehiro, Sasaki and Kano

Leiophyllites spp.

Ussuriphyllites amurensis (Kiparisova)

These ammonoids were collected from the nine localities
(horizons) belonging to the middle to upper part of the
Fukkoshi Formation (Figure 15), but these are largely
classified into three horizons: the mudstone dominated
middle part (FKM: including the horizons Fk-1c, Fk-3a, Fk-
3b, Fk-1a and Fk-1b: about 30 m total stratigraphic interval),
mudstone beds of the lower part of the upper part (FkU-
1: horizon Fk-5) and upper mudstone dominated beds in
the upper part (FkU-2: including the horizons Fk-2a, Fk2b
and Fk-6: less than 10 m interval). FkM has rather wide
stratigraphic range of ca. 30 m, but there is no remarkable
difference between the generic compositions of Fk-1a and
Fk-1b, and genera from the Fk-1c, Fk-3a and Fk-3b are also
yield from Fk-1a and Fk-1b. The ammonoid specimens are
few in number in both FkU-1 and FkU-2 and it makes precise
comparison with FkM difficult, but their faunas are poor in
number of specimens belong to the family Palaeophyllitidae
and Danubitidae, which are predominated in the FKM.

Among the fauna of FkM, specimens belong to the genera
Leiophyllites are most dominated and hold more than half of
the collection, including those ill preserved and undescribed
ones. Those belong to the genera Paradanubites is the
next, and those of Parapopanoceras, Psilokhvalynites,
Paracrochordiceras and Danubites are also common.

More than half of the genera (13 genera) among the fauna
(20 genera: excluding the new genus Psilokhvalynites), are
known from the Anisian strata (rarely from also Ladinian
or late Triassic strata), and mostly restricted in the lower
Anisian (Aegean): Parasageceras, Parapopanoceras,
Megaphyllites, Paracrochordiceras, Aegeiceras, Buddhaites,
Danubites, Paradanubites, Groenlandites, Lenotropites,
Grambergia, Arctohungarites and Ussuriphyllites. The
last genus has been only known from the lower Anisian
Ussuriphyllites amurensis Zone of South Primorye
(Zakharov, 1967, 1968; Zakharov et al., 2005a, 2005b).
Shigeta and Kumagae (2016) stressed that the genus

Ussuriphyllites is late Olenekian (late Spathian) in age,
because it is associated with Keyserlingites sp. However,
U. amurensis is accompanied with typical Anisian genera,
such as Parasageceras, Megaphyllites, Paracrochordiceras,
Prohungarites, Arctohungarites, Tropigastrites and Ussurites
in the U. amurensis Zone of the Atlasov Cape section,
South Primorye (Zakharov et al., 2005a, 2005b). Moreover,
genus Keyserlingites is not restricted in the Olenekian. Many
species of Keyserlingites (= Durgaites) have been reported
from the lower Anisian strata in the Tethys region, such as
Qinghai (e.g. Wang, 1985; He et al., 1986) and Spiti (Krystin
et al., 2004). Therefore, the genus Ussuriphyllites is early
Anisian in age.

Two genera, Japonites and Procladiscites, are also
typical for the Anisian of Tethys province, although they
already appeared in the latest Olenekian as reported from
the uppermost part of the underlying Osawa Formation
(Ehiro, 2022 in press). The genus Leiophyllites ranges from
Olenekian to Anisian.

Few exceptions are the genera Hemilecanites,
Pseudosageceras, Metadagnoceras and Eogymnites.
They are typical Olenekian or Induan to Olenekian genera.
However, the first three have been also described from the
lower Anisian strata, although very few in number. Bucher
(1989) described Hemilecanites cf. paradiscus Kummel,
Metadagnoceras youngi Bucher and Metadagnoceras sp.
from the Lower Anisian of Nevada. Pseudosageceras? sp.
described from the Anisian strata of Primorye, Far East
Russia (Kiparisova, 1961) is ill preserved, but it has involute
conch with multi-lobed suture line and its generic assignment
is highly probable. The present discovery of these three
genera from the Fukkoshi Formation in association with
many Anisian genera clarified that they range up to the lower
Anisian, although these genera are generally thought to be
restricted in pre-Anisian strata. The species of the genus
Eogymnites have been reported from the upper Olenekian,
but Eogymnites is closely related with Japonites and some
authors consider that it is synonymous with the genus
Japonites.

Among the Fukkoshi ammonoid fauna from FkM, two
genera, Parapopanoceras and Buddhaites, are generally
considered to be middle Anisian (to late Anisian) genera, but
the majority of the genera of the fauna are stratigraphically
restricted to or range down into the lower Anisian. Therefore,
the ammonoid fauna from FkM is definitely early Anisian
(Aegean) in age.

Fauna from FkU-1 and FkU-2 are not diverse,
and comprise only Psilokhvalynites (gen. nov.),
Paracrochordiceras, Japonites and Leiophyllites. They
are also considered to be early Anisian in age, because of
the occurrence of Paracrochordiceras. The early Anisian
genera, such as Grambergia, Lenotropites, Tropigastrites
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and Ussurites, are also known from the lowermost part of
the overlying Isatomae Formation (Ishibashi, 2006).

Olenekian/Anisian boundary in the South Kitakami Belt,
Northeast Japan

Although some candidate sections have been proposed
as the global boundary stratotype section and point (GSSP)
for the base of the Anisian, it is yet to be ratified. There are
two dominant biostratigraphic markers for the base of the
Anisian: ammonoid and conodont. When Gradinaru et al.
(2007) proposed the base of ammonoid Paracrochordiceras—
Japonites Beds in the Desli Caira Hill, Dobrogea, Romania
as the GSSP, this level was considered to coincide also
with the FAD of conodont Chiosella timorensis (Orchard
et al., 2007). Goudemand et al. (2012), however, clarified
that this conodont FAD datum is actually in the underlying
Deslicairites Beds, which characterized by Olenekian
ammonoids.

Gaetani et al. (1992) had proposed that the base of the
Aegeiceras—Japonites beds, that is correlated with the
Paracrochordiceras—Japonites Beds of Dobrogea, at the
Marathovouno section in Chios Island, Greece as the base
of the Anisian. It coincides with the base of the Aegean
Substage proposed by Assereto (1974). Also in Chios,
the FAD of C. timorensis is slightly below the base of the
Aegeiceras—Japonites beds and located in the late Spathian
bed with Procarnites and Hellenites (Assereto et al., 1980;
Gaetani et al., 1992). The same stratigraphic relationship
between the ammonoids and conodonts are also known from
Nevada, North America. The occurrence of C. timorensis
from the upper part of the Olenekian Neopopanoceras haugi
Zone was reported by Goudemand et al. (2012).

Based mainly on the FAD of C. timorensis, some OAB
boundary sections in the Nanpanjiang Basin, Guangxi,
South China have been introduced for the candidate GSSP
for the base of the Anisian (e.g. Ovtcharova et al., 2006;
Galfetti et al., 2007, 2008; Chen et al., 2020). In these
sections, unfortunately, the ammonoid fossils are very poor.

Recently, Golding (2021) proposed a new criterion of
conodont-based definition for the base of the Anisian. He
suggests that Neogondolella curva and associated species
is suitable for the index of the base of the Anisian. The FADs
of these species are slightly above that of C. timorensis
and nearly the same as those of Anisian ammonoids,
that characterize the Paracrochordiceras—Japonites
Beds or its correlatives. Gradinaru (2022) investigated
the biostratigraphy of some OAB boundary sections and
the stratigraphic position of FAD of C. timorensis with
problems on its taxonomy and definition, and stressed that
C. timorensis is ineligible for the stratigraphic index for the
OAB and the OAB boundary should be defined basically on
ammonoids.

By adopting the ammonoid-based (traditional) criteria or
Golding’s (2021) proposal, the base of the Anisian in the
South Kitakami Belt is considered to be located below the
middle part of the Fukkoshi Formation, because it yields rich
early Anisian (Aegean) ammonoids, which correlate with
Paracrochordiceras—Japonites Beds and its correlatives.
Since the uppermost part of the underlying Osawa
Formation is characterized by the Olenekian ammonoids
(Ehiro, 2022 in press), the Olenekian/Anisian boundary is
considered to locate somewhere in the lower part of the
Fukkoshi Formation.

Comparison with the early Anisian ammonoid faunas in
the Tethys and Panthalassa regions

The ammonoid fauna of the Fukkoshi Formation is very
diverse (consisting of 21 genera and 38 species) among
the early Anisian (Aegean) ammonoid fauna, being equal
to those of Qinghai, China (He et al., 1986) and Nevada,
North America (Bucher, 1989). It is most dominated in
the genera of the Family Palaeophyllitidae, mostly of
Leiophyllites, and characterized common occurrences of
the families Danubitidae (Danubites and Paradanubites),
Acrochordiceratidae (Paracrochordiceras) and
Longobarditidae (Groenlandites, Lenotropites, Grambergia
and Arctohungarites). The fauna also includes quite a few
specimens belong to the families Parapopanoceratidae
(Parapopanoceras) and Khvalynitidae (Metadagnoceras,
Psilokhvalynites). The Fukkoshi ammonoid fauna has some
resemblance in the generic and species compositions to
those known from southern Tethys (Himalayas: Diener,
1895b; Timor: Welter, 1915), western and central Tethys
(Chios: Fantini Sestini, 1981 and Gaetani et al., 1992;
Caucasus: Shevyrev, 1968, 1995; Qinghai, western China:
He et al., 1986), western Panthalassa (South Primorye:
Zakharov et al., 2005a, 2005b) and eastern Panthalassa
provinces (Nevada: Bucher, 1989).

Qinghai, west China: The ammonoid fauna reported
from Qinghai, west China (He et al., 1986) is one of the
most diverse Aegean faunas, which comprises 47 species
belonging to 18 genera of ammonoids. According to He et al.
(1986), the majority of this fauna are specimens belonging
to the genera Groenlandites, Pearylandites, Lenotropites,
Grambergia and Arctohungarites (family Longobarditidae)
and those of the genera Keyserlingites, Japonites,
Procladiscites, Leiophyllites, Ussurites, Paradanubites and
Megaphyllites are also common. Among the genera known
from Qinghai, ten genera are also known in the Fukkoshi
fauna, and dominant and common genera in the Qinghai
fauna are also included in the Fukkoshi fauna, except
for the genus Ussurites. The main difference between
these two faunas is the absence of the genera of family
Acrochordiceratidae in the Qinghai fauna.
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Nevada, USA: Lower Anisian beds in the northern
Humboldt Range, Nevada, USA are classified into the
Japonites welteri beds, Pseudokeyserlingites guexi beds,
Mulleri Zone and Caurus Zone, in ascending order (Bucher,
1989). The lower Anisian ammonoid fauna of Nevada is
another diverse one and comprises 28 species of 17 genera.
Ten genera are common in both Nevada and Fukkoshi
faunas. It is worthy of attention that both faunas include
two “relict” genera Hemilecanites and Metadagnoceras.
However, there are some faunal differences between them:
Silberlingites and Caucasites, both common elements in
the Nevada fauna are absent in the Fukkoshi fauna and, on
the other hand, the genera of the family Danubitidae and
Palaeophyllitidae, dominated or common in the latter, are
rare in the former.

Timor: From the Anisian limestone (2 m in thickness)
in Nifoekoko, Timor, Welter (1915) described 12 genera
(23 species) of ammonoids. Based on the re-examination
of these genera by Shevyrev (1968, 1995), Spath (1954),
Fantini Sestini (1981), etc., this fauna is considered to
be composed of 13 genera (22 species). Among these,
eight genera are common to the Fukkoshi fauna. Genera
of the family Longobarditidae are missing and those of
Acrochordiceratidae are rare in the Timor fauna.

Chitichun, Himalayas: The Chitichun limestone in
Himalayas is classical Aegean ammonoid locality. Chitichun
ammonoids originally described by Diener (1895b) have
been reexamined by Diener (1915), Spath (1934), Shevyrev
(1968), Wang and Chen (1979) and Fantini Sestini (1981,
1988), and are now classified into 13 species belonging
to eight genera: Paracrochordiceras pandya (Diener),
Danubites ambika Diener, Paradanubites kansa (Diener),
Aegeiceras ugra (Diener), Psilosturia mongolica (Diener),
Procladiscites yasoda Diener, Leiophyllites confucii
(Diener), L.? middlemissi (Diener), L. pitamaha (Diener),
L. pradyumna (Diener), L. pseudopradyumna (Welter),
Ussurites hara (Diener) and U. kingi (Diener). Among these
eight genera, six of them are common to the Fukkoshi
fauna, and three species (P. kansa, L. confucii, L. pitamaha)
from the Fukkoshi Formation are identified or compared to
the Chitichun ones. According to Diener (1895b), specimens
of Leiophyllites have, as with the Fukkoshi fauna, the
largest number (35 specimens) among the fauna, followed
by those of Procladiscites (10 specimens). On the other
hand, the Chitichun fauna lacks the genera of the family
Longobarditidae.

South Primorye: The Lower Anisian strata of the Atlasov
Cape section, South Primorye, Far East Russia yield 15
species belonging to 12 genera of ammonoids (Zakharov
et al., 2005a, 2005b). Among them seven genera are
common to the Fukkoshi fauna. The fauna dominated in
Ussuriphyllites amurensis (Kiparisova), which is endemic

to South Primorye but now known from the Fukkoshi
Formation. The Atlasov Cape fauna, however, differ from
the Fukkoshi fauna in lacking the genera belonging to the
families Japonitidae and Longobarditidae, and in small
number of specimens of family Danubitidae and genus
Leiophyllites.

Chios Island, Greece: The Marathovouno section in
Chios Island, Greece includes the proposed candidate
GSSP (the base of the Aegeiceras—Japonites beds: the base
of the Aegean Substage proposed by Assereto, 1974) for
the base of the Anisian (Gaetani et al., 1992). The Aegean
ammonoid fauna was studied by Bender (1970), Assereto
(1974), Fantini Sestini (1981) and Gaetani et al. (1992). This
fauna comprises 17 species in 10 genera, of which seven
genera are common to the Fukkoshi fauna. Former fauna
differs from the latter in lacking the genera of the family
Longobarditidae.

Caucasus: According to Shevyrev (1995), the lower
Anisian Malotkhach Formation of Caucasus yields
Stenopopanoceras transiens Tozer, Megaphyllites
compressus Shevyrev, Megaphyllites sp., Groenlandites?
glaber Shevyrev, Longobardites caucasius Shevyrev,
Laboceras gracile Shevyrev, Leiophyllites pitamaha (Diener).
Three genera of them are also known in the Fukkoshi fauna,
but the Caucasus fauna lacks in the genera belonging to
the families Danubitidae and Acrochordiceratidae, which are
common in the Fukkoshi fauna.

Conclusions

1. Ammonoid fauna from the middle to upper part of
the Fukkoshi Formation in the Kamiwarizaki area, South
Kitakami Belt, Northeast Japan is diverse, consisting 21
genera. Among them, the genus Leiophyllites is most
dominated and specimens belonging to the genera
Paradanubites, Parapopanoceras, Psilokhvalynites,
Paracrochordiceras and Danubites are also abundant.
The majority of the genera are stratigraphically restricted
to or range down into the lower Anisian, and therefore, the
ammonoid fauna is considered definitely to be early Anisian
(Aegean) in age.

2. Since the uppermost part of the underlying Osawa
Formation yields late Olenekian ammonoids, the Olenekian/
Anisian boundary in the South Kitakami Belt is located to be
somewhere in the lower part of the Fukkoshi Formation.

3. The Fukkoshi ammonoid fauna exhibits some
similarities in the generic composition with those of some
localities exhibited in low-latitude regions in the Tethys and
Panthalassa, especially with that of Qinghai, west China.
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Studies of large benthic foraminifers using microfocus X-ray CT
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Abstract: The method of microfocus X-ray computed tomography (CT) is one of novel visualizing
and measuring techniques in the micropaleontology. Especially, larger benthic foraminifers have
complex inner structures, and the inside morphological research of the shell has been generally
used in thin section or broken individuals. The X-ray CT method enables the measurement of these
inside structures with non-destruction. However, this method still remains many technical and
practical problems for actual researches. Here, | reviewed the instructions of microfocus X-ray CT
three-dimensional visualizing and measurement method, focusing on the microfossils’ utility such
as large foraminifers. | also presented examples of ecological studies of large foraminifers using
microfocus X-ray CT research, and finally propose future prospects of X-ray CT methods.

1. [FC&IC

BRI, BEH oW, XBEERBHLHOSREBREICE
BETLL DB L. FICRBEDORE DL 2REB TH
. COEYEFAECERERBEFEERE S ICHEINS.
COELREDSS, —RI Imm U EOT A XTHEL, =
EREFODLEVOSHBOFREZRT VIV —THRERESR
fLH (Large Benthic Foraminifer) &BEENS. AREER
LRiE, YrdEsgicERL, 2LOBELREBERITK
BAIVY D LADEEENMNINT 5 & TREMDBEZRAL
ICEMELTHEL TV, BIEMICK D REIEERE L,
Y OEEEOERRICH VT, EEY Y IPARRGEICR
SKREETHY (Hallock, 1981), ZDEREDEERAIX, o>
JHEDERRY, SBOREZHICKDIRER/IR AT L
NOFEFAWCHBWVCIEBICEERERZED. £fe, &
DEREEEPCHEEIZNE (Hallock et al, 1986; Fujita and
Fujimura, 2008) * 7K ;& (Uthicke et al, 2012; Kinoshita et
al, 2021), pH (Kuroyanagi et al., 2009) 7 & Dk 4 i5IRE
SHEORERZITAHTEPBESMNIE>THY, BLER
ICERFREINSBRITECKFDBEBKREDIEBZELEGY S
5.

BEDMNMZ®RVERLTHET S ABEEREBLRITEL
T, $2ELEXRELGIMEEDVUEDHNEERTHS.

LHL, ZOHENELDSEFHAIT BT L1EZ < DETHREE
Th', BEHDOEEZHRICIIZERDEEZF>TLE
S, ZOXDICEEHDFHAICIE, ERORFOME, IE
Wl aE H I BRI E#SEPFE LT EDOBENH Y,
ek, MEBNGHRE/NT A—2ELTIE, BYAIAPES
HEZ2CAVSNTER. BIGEROKIEIZ, {LABORE
ITEWVWTIERETZVEETH Y, ZRDORNIBIFROIE &
JERIRRFIX, REEEGLROMEICE > THITIEREIC
HELGFECHO.

T TABEREBARDIEIE CORERN) ARITE
HeDh, XA FEDFRATHS. EERICHERINE
XHiR CTEBIL, MEDOHERLAZELL, 70X —F
JVBRIDBEEEE DA 707 +—HAXE CT HMRET
WECFIBEN S L DICHEofk. LhL, KBEEEAE
HIFCHELT, BILRE HHWIMELEND XHRECT D
ISBIEREICARZEHERIEAENT WD, KK, EEAX
RO EBOBREICEL L, "RELTHILAREDHUN
(&) BT TIVgEBRINTW AL o e, BIFT S
BB (THREEZOICE, BEENERICEDERE
RORXT—I%IER LTcY, S5l ET R LY
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2.1) RA4707 #—HAXRCTIREDEFRNGRN

CT &1& Computed Tomography =2 & 1 — 2 ¥iE#RE
DEEMTH Y, XIRICLBEBICL>THBIRRZTOZ
EEXIECTREEMER. COFETEONDET -2,
BEFCHY, BRERLEZEZMA KBS (BmE) ©3
RITT—EAHOEETES. K1, mEERDLS 3 Rtit
L COEANGTRINETT. BHBE, MICARRDIRRICH]
BAENTWAR 7074+ —hAXECTEBEIE, TD%EL
DEZXRELTHEINREEETHS. COXOGE
HRBIINMET 2 XIRE L XIFRILEE TOMICEEIN
FBAAT—IDh LM EN, —RITIEARAT —I % [EER
S, BERD360° D5 EHAH5D X RERZETL, X
BREGEZRSS (K1D). LIeh>7T, BERAT—ID
Bz rEsE LTERZTD E, 360/ MOBREEREDLE
S5N%. WEBRODILAEMIE, UTORIHED.
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TTT, dIgXRELZBART—Y, DIEXEEELEXR
BHEE, TNENOEMTHS. UL, XEHBEIRIC
KETD (A—vE—L) 28T, BERRT—I% XIEE
ICHEBAEE BT ETMIEKRELSEY, BEBE (ZEDHREE
HB< 5% ZLDEBTH, BONREGEZWMBR
BICBENT AV NI THMIBLTHY, BIEMLE
ERETCHBGENESN (K1E), —EDREHNTTIT 5. I
BRI, BERBICBITHIERRT—Y ETOERLEEHS
TEICONT COEGHEER TH Y, BENT H8EHE I
ICERICRETES, FEBUOHMBRICEERT ST
EHAIEETCH D, BEMINEBGELSIE, TTIVEA
> TEERE (Feldkamp et al, 1984) & &EIC L3 3 Xt
NDOBEHRHAIEEICKES (K1F). 3RTHEEBRY 3 Xt
X, FHALFBEEY 7 b TEEKELTHEY, R
BHICIS CGERL CRIBTES.
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BTBIRD LMD MREEIL, TNENIRIIT 24 TH 5,
BREMBOILARM &, BEBR1ET VBT D XIFET
BEORFHNICEK > TRES. ERDELDIT, MHBAKEW
ZEBRRIREICEDD, nHENELT B ETHEROREE
HEEOHBIENTED. lElnZzNESLTBE, BES
1TV DX EREENNE B REEHEEL
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1. RAVATF—HAAXECTICKD, YT oh
S53RTETIMEE TOEANEZIEETR D~FOD
K&, R—EZAD®REMHE (D), MEHR (B), 3Tt
TIVg F) #Fnznxd.

5%. TDIe, MiBKROIY b AMETMNERIY,
ICEBRAZRTE T 5RO L S ICHBHIEIXLF—D XIR
ERVWTEE I SHBEIUTIELT, RETIHLEDNDS.
nOREHEBRIEEBICKO>TELESD, EZVIE—F,
HEWVEBEERT A XEENTNE T EHZLN.

—7, BRAVFSAMIELT B ETIYERICE
EEZEXRIRT B LICDBENDID, BEARDEGE (&
EntRee) CMIRCES. COBEDMERIL, EITXERD
EICREEIND. oK, X CT IZREBMICIERE N
FELXROBZEALTHY, REEINIXIRDEDE,
EAEMICIIAST X REL ST > TILD X IERINEZ RE L
ffEpBEBRO I FSAMELTBRENS. LD 2T,
—MRAITITZEAICLTAS XIREZEBPL, LYRNE
DIREWMAHZEICE>TAV I SAMDOALEZRREES
TENTED. LHL, BHAODXRIIEBBNEELET S
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TEP, AEREFARZESSMIEAD L D GHUNZIER
PHENBEBEGRATIE, BENICXEISZBLPT L
ZEiLKY, BHEARETTIEY > T ILD X FRINE DR
ISR T A, BRIV FTRAMMECEY DT
L. ZDfes, COLSGM) - BEEGREA (B3>
SAMER) [THEVTIE, BIERRICRES X BREDDSE
HRENRDOENS.

INSDDEEDREIFHEEICT S LHL, JmEhkmEIc

FETDH., ERDELSIE, LVEBRBREZRRET LD
IS X SRREEBRDERFE N 2/ NELTEEREENEES.
ZIT, BREEZEHRT BHICEHIYFHID X iRz F]
ALV, BEEZZFMICAELLVEER LI, 3
YRS A NELSHEAICHBRLOD DD, +OERSE
DREARTEGVIRADELCPLT L. BRUIC, BHRERE -
SIS ANERBELTDERL SZRRT 57T,
BENEREERC T B LIcHY, 11BERDTY DEREFEH

RLABYPTV. LD 27T, HIRODEWMICEHET, 2
BInfReE - BME DG - IBRERBPEARITONT, B%

TRNEERPRERROSNDKEZRHEICT 2 EHE
FRMREDEE L3S,

3. /4787 4—AXXECT Z#A LIHAZEH

RAUOT7 4 —HAXKECT 2RV AR EEBALROH
FiclE, 3 RTER L CEMSESTAZT 2 Ice 0P, ¢
TAVT— a3y (GRENE] REdmE) STk R,
HBWVIEIAEDIPIRNTZ/ NS A =2 DREEIT > cH D
EDDB. LTI TNSRBEOHZEAZE N DHHEN T B.

3.1) XBEEERBARDSA 7101V

FiN (BARET) COXREBEEBLROMEREMIC
B9 ML, T2 JEOEEERE E DB (eulittoral
zone) T4 B 9 % & % (eq. Sakai and Nishihira, 1981;
Hohenegger, 2006) tb&HH > 71 > IHBZEEH m 12
FEomEEB®DAKE (the shallowest sublittoral zone) @
B> TW3 (eq. Zochary et al, 1980; Fujita et al., 2000;
Hikami et al, 2011). <N &K UZHRWZEE (deeper sublittoral
zone) ICEET 2REDMELAEIEICEET HZTIL, EICE
ADOEBERBRTITHONTWA. LHL, BERBROEFE
ETlE, AMEHDEBICHELELDICRATE, XA T
HRITHEEENZDITAREE (septula) DREPLZEAD
G E, NEMEEICARRGRELNHFOND T EHDD D
T &7z (Hohenegger etal, 2014). Ffz, RABKEFIR
THEE, FJEEGERY BRREDBRZHMCIBE TH D
TH, ABERBRTCIEMENHEINS Z LBHREINTYL
% (Hohenegger et al, 2014). Z D fz &, Hohenegger et
al. 2014) &, BFNADER/TERNGY > T > T &7V,
METFERNGEFEZ AV TEGKEDOERERZRLSNICT B5E

wEIZE LTz, T DA EIL “Natural laboratory approach”
(N-lab Fi&) & KiEN, BEFEICOFET 2 AEBEEGALR
DEREEFRIBT AHERICANSN TN S.

FAHEEFLROARICEL L, INETETHI X (R
B) PEENTHELZEAO>TW. —hH, BALRIZZD
HBEORRICHESTEEZMANMLGANASHET 528, &
KISEZDHNMREAEDEBRNEIBIZECHS. LHL,
ZL DETIEINSTERELS SEEH A IERICIEET 22 &1
TEY, YRMEL TCEREERT 55 L, BARDEIEY S
COFBAEMKEE L. £ETAD, XA4707+—HAX
BWAOzB>L, FPWETCHEZERTE, BEHGERN
BEEDIRENBEE A ofc. TDIed N-lab FETIE,
CDRAERENREEDFRFERE LT—RMICE ST
(Kinoshita et al., 2017; Eder et al,, 2019) .

Kinoshita et al. (2017) &, 7K 50m DFEET 15 # BIT
EOTCEBMNES ) I EERTL, Nlab FLE< 1
I 07+ —HAXKRCT &BfI+EDE T, Palaconummulites
venosus DI ERINEEST LTz, INEINREERDEEE
ERBRY A RERETFENNCRET T B &, FHEDDHEL S
THARDBEIL 4 DOHRAHL SERIND I EHBESHE
mofe (K2). N-lab FEATIERE T —2H 5 ZIZAR(E K
DEZEHPOTAAELEBHEDBEREZRN T BT ENTE
% WAL, B2HARTIE, SBE9B~1216 HOHET
29 EHNMIINENTWS). Z I T Kinoshita et al. (2017)
TlE, EHICRERAT B CESE 2 B EEIHRICE
REHT, ROBREEXE (BEEMEE T XEME) &K
Sfc (M3). TOZEIE, P venosus DEZEFLHER% B
RETODT—2HO5B5NMC LSO TDR/EREG DT
Fle, BRI A ZBNREEBENTEY, WIThDmE
KEHINETORAETREETDIRE (Kriger, 1994) KU &R
{, BARBETCORETILHBRETTCD 5 HhBADDR
E2 (BE#40, 4 X 145mm) (2 0B TEREL TWA.

BIRDELSIT, N-lab FEICEKY, UTFOEEFMEHE
Sniz.

m=813 X t/(672+t)

CIT, mIIBEEH, tIFRELSOHR (EBRHK T
HB. INZICETHUERT DL,

t=m X 672/813-m)

ElxB. CORITKY, BEKROEEBHAMHETES
DT, RERKLVEBRABEEHDIFZTET, BEED
HIERSERAHETE T 5 C &6 TESD (Kinoshita et al, 2017).
WIS HIIZ D P, venosus &, TN E TOREMIBDMOD ATE
B RDOBEH (Sakai and Nishihira 1981; Fujita et al,,
2000; Hohenegger 2006) & BE#kIC, 6 BH KU 11 BIC
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2. YT IVICTEEND P venosus [EEDITEHE R
ETEHT A ZONHm. &7 bME, &2OY T
VUERICEENDEEROERH S LU 1 X&)
EL, EBEDHDEEEEEERDHROMDICHEL
TEoNETESETHD. ZEBRICITEME 2~ 3
DIFHELRFHESHEND. EEHTEY A XTERE
BROERERT CEHD, EREHICERERDER
BOGFENTREIN, SRNICGEHEPICEENSH
Ik, 4HEKITHES EHEEETNS (Kinoshita et al.,
2017).

HEOE—TUhRHEND. —7h, EBEEEL THEIC—TELL
LFOEBEELRNTSY, CTNETORFREL TD
RELDELT S (Fujitaetal, 2016). fcfel, BsEixa
ST ATBICBE R E— 2 BHENT LR, ThDS,
Kinoshita et al. (2017) D#ERIK, INETHUFT LIRS
TNTWEE L EBEEDERICHOSNEBH EE DT
BIfRIC, N-lab FAETA7O074—AHRAXKRAEHA%E
M L7 Ederetal. (2019) Tl&, 7K 20m, 50m DX
BRI BT B Heterostegina depressa DEZERE &
A ZEMEEESMC L. BHDHICEICHITZH 1 X8
MRIL, RBISCTEDINELBDICH LTEEDREME
IFIFE—HL, BEERZENIEICLSHEVERBNGHE
RFChHoEMEETR LIz, TDOLIIC, A7 T+—
AR XERCTIC K DTRETAIE, TRREDREH P ESICEE

3. EHMIC T —ZHDEND P venosus DE2H LV 3
HRICHIFTEIEEH T A XDAEHLSKOTCER
RS LU 1 ZEM=K. N-LabEIC KWK 2 D5
BRHOSRY T IBREDERBAREHTET S
T EDTES (Kinoshitaetal, 2017). =T, B
B A I nmEEBRREDBEBRINSETNETN
DREXRELEDHBTENTES. SHABTIIER
EIREINGED DT, MHEHATIFIEFEFGEWNE
Bbhns.

57, FREFHAEHIRICERECEIML TV S.
3.2) XBRELEFALHOREIGE

X#R CT DB &BRIE, ZEED (BER) EWiEED (HER)
D2EFHICKBILTCEDITB T ENTERDT, RELE
PELINIE, BEREIRY T McLBEIAYT— a3y
EIDTETEEOBE, H2WVIEMEOEBEETAT S
TENTES. AREEEILETIX, BEDZEBEIBI LM
RETHEZINTHY, FNTNOEERBIINEE,
BREISHMREE S MBIREN 5. Hohenegger et al. (2019)
I&, Kinoshita etal. (2017) OMIEZREBESE, (TiwRFICEL D
TE 3D B SRERDLEEEDEBEEL Lz, and
D & S I Kinoshita et al. (2017) DOZEH S E B HE & #
ETBHTENAIREL G HT2DT, £EAREEERREORE
FRERES L, FRLOREARKICHITZ2EERBOERER
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B 4. AL P venosus DEZERTE (RAME) ERBHEOD
BfRLTDEIRER (B5mE). BIFADERAESE
WEOE FEE) OFEZR L. BEDEFHODE
ImehAR (GREEswRE) [SEAHBITICK > TESN
(Hohenegger et al., 2019).

SELRE (K4A). T8I, RBEOBZEREDME (EHME)
CEREEDE FERELLTERR) DAGLHELE (K
4B). ZOOHHHD P venosus DEFEIE, K4HRT KDIC
BB LT, KURELRRY, +9OGEmEE LED D
e Z@ )R LTWS (REREEWND). E5I. TDF
HEBINT AEM 4 ENEELRMBE LTBRHEINE. —5F,
YT Y B OBRAKMOEE S 14 HEOER %
H£oTHY, CTORERSEISEDHEERGREED (K5).
WEMSDNEMBIMBGFE (Photosynthetically Active
Radiation, PAR) (&, F#9225umol m?s' TV, TS
EREEHEETH S~ 20 umol m? ST IREDERELTWVD
(Hohenegger et al,, 2019). Nobes et al. (2008) > Ziegler
and Uthicke (2011) C KB &, TDFEED PAR DZE1bIZE
HE® B OFEMEEZAESLLETS. LIH>T, P
venosus DRLRIRENE, BOTHEEICKDEDENEDE
DNEE5THBEDEICE > TELTVWSREBDNS.
—7., CTEGROMAEERDIEELRICEWNTFERNITR
ICHTcs. BARORIRESBHELZBELDY, KUK
FHEARITBNTE, INETICEEPY A AHREICKS
TEHTHENASHICE>TNS (eg. Hikami et al,
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M5 BERBOERELZEELEFOMLEDOEFR RT
0w MMEEAME, REORIRHRIETEEDE BRI
BiRE Y. FREORROMIRIZERNG 14 B
T, BV ERERISEFOBLUOERZRT.
BEARDZIEN 14 BEBZRL, MUDEE &
BDHEEBRZESD.

2011). & TAD, RRODEMGIRERM T CIEELRRD
3RTHNBEINTA—R (KBEPEE) OZEAES|ERIT
REBBRAZBFET S LIIREETH B0, RERFED
FREBRIEEICABTERICE > TRBAINTLS. A,
29 EBNCE K 29°CLUE) (&, A APEELSHE
FLEDOMEABEZELY (Schmidt et al, 2016; Maeda et al,,
2017,2018), AIBHEEICEZEARIZLTWVWA T EHHS
NTW3 (Uthickeetal, 2012). =7z Prazeresetal. (2017)
X, BEXRGTCOABT T, AAEEELEOALESR
EUERNEBINT 5 EHERELTWLS.
INSOETE, <A 7074+—hHAX$ECT D;EAIC
EoTHLWIEHIESN T S. Kinoshita et al. (2021) 14,
6 EBFETCACEZ I (19, 21, 23, 25, 27, 29°C) LfzX
RELEHFLH Sorites orbiculus DEBEEE< A7 AT 4 —
AZAXBATZEVTCHEL, REEDPT A XICMZ, BE
BOBAEREIC DOV TEHKERICKDHEEBDEZAEST LT (K
6A). TDHER, S orbiculus #&ElE, BDEB=E, 1 X, 1K
BEOWITNEEWNELLIZERERL, 825 CTHRER
DERAERY, KUSEBERE - EEXFOVTNDRE
REAIHI SN TWS T EHNRETNZ. —FH REEHK
URAEBEAVTERINERBETIE, BEEEZHETT
FE—FEDEEEZ>TWVS (K6B). TNETREEDE
BOMLHEMHCBE L TIE, ROBEE (EICEET) OZH), H
ZVNERRDEBEEDOZHDOWVTNHAEER TH 5O IHREICHR
BENTWEL DD, TOMEDLS S orbiculus DACEE
BITHIS LTEREEZFIE, RAEBOEFHNEFER THS
TEPBELSITENT. EHIC, Kuroyanagi et al. (2021)
TlE, BME (pH) (S DWW T Amphisorus kudakajimensis
BEAVNTEHROAERBRETV, & pH ZET (pH=177)
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M6 HERBRCESNIAREERAROKRERE (A) &
FUREE (B) LACREDEIMR. BRARRIFH 25°CT
MEZEDERELGDD, WEEIL, FEREERETTIE
EF—EDEBEZOTWVNS. TDEDLDL, REEXTH)
&, REBEDEHDIBRCTH DI ENDD .

Tl&, ROEBEPEKE, BEOWVWINES pH EXET (pH
= 83) ITHANRNTEUMEICHE ST EDREI N, TOIERIL,
TEEBEEHDEITT B EAREEBTILRORER A E0(C
FET 21 THELS, EREIN2MOBENLZLLLF|ER
T TEETEBLTVS. CNSDEABRR/INTD A—2Z
EBOMRBIE, <A77+ —HRAXKRCTICK B 3Rk
DEBEDEENICL>TEESINIBRETHY, £F L
DFEANIEBICK CEHETNTWNS.
REEDEICDOWTIE, SEEDBEBECANDEID
BEYEEBICEODEE>THY, FEEEFLRTHRE
ST TLS. Iwasaki et al. (2015) Ti&, AEAD
1ZAESE & BT CT BRICH T DR EZEER calcite CT
number EE&EL, REEICHHET 2BIEE LTHERLTE.
Thbt, BEROBEHOEVERAVTREDIEEST S
DTh3 (lwasaki et al, 2015). T DOHETIX, BEHDZE
KOS FEEBFLRORRAED 1 KRB CERIICE T
BHTEHNTRREINTWNS.

4. LB

RAVOT+—HAXKRC HmEEORLEBARIE, 1Z
AEWIET HT 5L, YHEEIOHSPEAHENS
DEREFREICT DR THD. EBIC, IbaBORRES
BILHRTIE, VIEXEZKFEE, H25WVIEEEOEBR
HICEDWIREITHDT, EXxELDTIC, hDOEED
WEE#HC CEDNTEBTDFEIE, SEEDEPRHIC
BWCIHBICAEREHRE TS LIEREWVNEL. Tz, JE
BIZEHAL, 3 AR AT EADAKELGR R THS. HIZIL,
BOEEPREIZ, <A77 4—HXXEE T DOEBTE
SN ERBREDNIRENICH ELZ/INSXA—=2THY, BT
RO EPREBICENDEEN G EITICE IEIBIZEE LT
THIEONTW T EDEFENS.

MEEDIRZICHIAT 2 KD GEEBD (T iIRFEBDHE
WA EENX 2010 ERICBWVWTREICALELTHY, 5%
HEN—FR - VI MNAECESICALTH T ELFREINS.
EOY M X MEEEROE LIEHERD CT g EDRE
E, BEREBELLBICHEBIN TV T EIFERICH A
W MAT, SEDOBEDREBICHVCRELEBIEIX
FEHFECHY, TNESOREBZHHET 2AKIEEY
DEWN (K HH5WVIEEN (BE) TEENDELLS5]
EREFEDBEDLFEINS. SBIEX, INFTTIHDN
TERBMEZR VI PEERELEEICK>TESNE
MBHEESITHLRT 27cdIT, KUBRETERITOD
DY—=ILELTRA7OATH—HAXECIHNETSITLE
BENTWCZTEDRIAENS.

I

RILKRFREFMENEOBIRILFER, EMH T HE)
BICEABNE T LDDHERE WK EEBIT, KRR
TEREET VW i, BHFRIAFOFEARBIE,
RIEKRF D A RIBAHRE, BRBEEL, Vr—2KFE
@ Johann Hohenegger %, RRAZFD)IBRESHE, Tt
KAZOBAMEHE EUNZBNEOERD CHE
T, AREIFERL, EERMREMEMOBAZEL,
JAMSTEC DARTRBETOEMH SIFEELZCER, T
~EWEfeWe, TTITRC RSB N LET.
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