Acta Geologica Polonica, Vol. 48 (1998), No. 4, pp. 435-482

Palaeontology and stratigraphy of the inoceramid
species from the mid-Turonian through upper
Middle Coniacian in Japan

MASAYUKI NODA! & TATSURO MATSUMOTO?

'Fukagochi Skumi, Oita 870-0881, Japan
2¢/o Department of Earth & Planetary Science, Kyushu University 33, Fukuoka 812, Japan

ABSTRACT:

Nobpa, M. & MaTsumoTo, T. 1998, Palacontology and stratigraphy of the inoceramid species from the
mid-Turonian through upper Middle Coniacian in Japan. Acta Geologica Polonica, 48 (4), 435-482.
Warszawa.

Upper Cretaceous strata are well exposed in many areas of Japan, although good exposures through the
Turonian/Coniacian boundary are not common. This paper focuses on six areas in Hokkaido, Shikoku
and Kyushu and documents the stratigraphical distributions of inoceramid species. These data are used
to summarise the stratigraphical ranges of Turonian/Coniacian taxa in Japan. In part | of the paper, 17
species are described, with some biometric data and phylogenetic interpretation. These species are:
Inoceramus (Inoceramus) hobetsensis NAGAO & MATSUMOTO, /. (1.) teshioensis NAGAO & MATSUMOTO,
L. (L) iburiensis NAGAO & MATSUMOTO, 1. (1) tenuistriatus NAGAO & MATSUMOTO, I. (I.) pedalionoides
NAGAO & MATSUMOTO, 1. (1) lusatiae ANDERT, I. (I.) uwajimensis YEHARA, I. (Cremnoceramus) rotun-
datus FIEGE, I. (Cr.) ernsti HeiNz, 1. (Cr.) deformis MEEK, 1. (Cr.) lueckendorfensis TROGER,
. (Platyceramus) tappuensis nom. nov., I. (Pl.) szaszi Nopa & UcHDA, I. (Volviceramus) koeneni
MULLER, Mytiloides incertus (JIMBO), M. mytiloidiformis (TROGER), and M. sublabiatus (MULLER). In
part 2, the stratigraphical distribution and correlation of these species are discussed.

INTRODUCTION

Inoceramid species from the Cretaceous of
Hokkaido were first described by JiMBO (1894).
YEHARA (1924) recorded some species from SW
Japan. NaGao & MATSUMOTO (1939, 1940) com-
prehensively described the Cretaceous lnoceramuss
of Japan. At that time, however, the knowledge of
the stratigraphy and interregional correlation was
relatively poor. Subsequently, with progress in
stratigraphic investigations, many species of
Cretaceous inoceramids, including new ones, have
been described. Some of these seem to be critical to
an understanding of the Turonian-Coniacian

boundary problem (MaTsumMoTO & NoODA 1985;
Noba 1992, 1996; Nopa & UcHIDA 1995). In addi-
tion, owing to the generous field assistance of sev-
eral friends the material available for palacontolog-
ical study has increased greatly (Noba 1975, 1984,
1988).

Recently, integrated biostratigraphic studies
have been undertaken by a number of researchers
specializing in Cretaceous ammonites, inoce-
ramids and micro-fossils (MATSUMOTO 1954,
1959, 1969, 1977; Nopa & MATSUMOTO 1976;
MaTsuMoTO & al. 1991). Furthermore, the mag-
netostratigraphy has been made in some selected
areas (TosuHmMITSU & al. 1995a, b). Thus, the
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Fig. 1. Map of Japan and adjacent areas; shaded areas mark outcrops of Upper Cretaceous marine strata; solid circles mark areas
of mid-Turonian to Coniacian strata described in detail in this paper: 1 — Obira or Obirashibe Valley, 2a-c — Ikushunbetsu Valley

or Mikasa district, 2a — main course of the R. Ikushunbetsu, 2b — Ponbetsu, 2¢ — Ponbetsu-Gono-sawa, 3 — Kajisako, 4 — Onogawa

Basin; open circles mark other areas mentioned briefly: 5 — Oyubari, 6 — Hobetsu, 7 — Futaba, 8 — Uwajima
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inoceramid zonation has been much improved in
Japan (see Table) since the work of NaGao &
MaTtsuMoTo (1939, 1940). Some species are
apparently endemic to the North Pacific Province,
but currently a considerable number of cos-
mopolitan species have been identified, which,
together with the associated ammonites, are very
useful for precise international correlation.

Japan is palaeogeographically distant from
Europe and the Western Interior Province of North
America, where good Upper Cretaceous biostrati-
graphic zonations have been established. Moreover,
the Cretaceous deposits in Japan consist mainly of
thick clastic sediments of variable facies, in contrast
to the much thinner, calcareous sediments of uni-
form or less variable facies in the shelf region of
Furamerica. The inoceramid species which occur
abundantly in Turonian and Coniacian strata of
Japan are mostly endemic and their stratigraphic
ranges are comparatively long. Despite this they are
used as biozonal indices, in range zones, abundance
zones or assemblage zones with associated
ammonites. Some species that occur normally in the
shelf regions of Europe, North America and else-
where have been found recently in Japan, but their
occurrences in Japan are rather sporadic or restrict-
ed to particular localities or stratigraphic horizons.

For the reasons mentioned above, this paper
describes the palacontology and stratigraphy of the
species of Inoceramidae from the mid-Turonian
through the upper part of the Middle Coniacian in
Japan.

Part 1: Palaeontology

by MASAYUKI NODA

INTRODUCTION

Seventeen species of inoceramids from the
mid-Turonian through the wupper Middle
Coniacian are described below. Some biometric
data and phylogenetic interpretations are includ-
ed with the description.

MATERIAL

The specimens examined were obtained from
various areas of Japan. Turonian/Coniacian

boundary succession studied in detail are shown
in Text-fig. 1 (solid circles). Other areas where
the Upper Turonian or Lower to upper Middle
Coniacian sediments are exposed are also shown
in Text-fig. 1 (empty circles). In general, the
specimens from Hokkaido and northeast Honshu
are well-preserved and little deformed, especially
so in calcareous nodules. These specimens are
amenable to biometric analysis. In contrast, mate-
rial from southwest Japan, i. e., Shikoku and
Kyushu is commonly poorly preserved, crushed,
and cannot be used for biometric analysis.

Some species occur densly crowded in shell
beds and nodules, such as, I. (I.) tenuistriatus, I.
(1) uwajimensis, I. (Cr.) rotundatus, I. (Pl.) tap-
puensis, and M. incertus. These taxa are suitable
for population studies.

The specimens examined are lodged in the fol-
lowing institutions.

Repositories:

GMH: Geological Collections of Hokkaido uni-

versity, Sapporo.

IGPS: University Museum, Tohoku University,

Sendai.
UMUT: University Museum, The University of
Tokyo, Hongo, Tokyo.

WE: Geological  Collections  of
University, Waseda, Tokyo.
OES: Geological Collections of Odochi Primary

School, Odochi, Kochi Prefecture.

KMNH: Kitakyushu Museum of Natural History,

Kitakyushu.
GK: Geological  Collections  of
University, Fukuoka.

JG: Collections of Jonan Geological Association,
Oita, tentatively held in NobA’s personal lab-
oratory.

TTC : Collections of Takemi TakAaHASHI, Mikasa.

Waseda

Kyushu

METHODS

Most of the species described here have been
described previously by Nopa (1975, 1984, 1988,
1992; 1994 and 1996) and Noba and others (1990,
1995). The present work gives suplementary notes and
observations based on the new data; for full descrip-
tion the reader should refer to the earlier papers.
Measurements are presented for selected specimens;
again, where relevant, full biometric analyses are
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detailed in the earlier works. As noted above, some
species are sufficiently abundant to permit population
analysis of variation and this approach is reflected in
the descriptions. Other species are known from rela-
tively few specimens and hence their descriptions are
typological in approach. Morphological measure-
ments are shown in Text-fig. 2.

SYSTEMATIC DESCRIPTION
Family Inoceramidae, ZITTEL, 1881
Genus Inoceramus SOWERBY, 1814

Subgenus Inoceramus SOWERBY, 1814

TYPE SPECIES: Inoceramus cuvieri SOWERBY,
1814, designation by Cox (1969).

DIAGNOSIS: See Cox (1969, p. N315), KAUFEMAN
in HERM & al. (1979, pp. 52-53) and WALASZCZYK
(1992, p. 29).

REMARKS: Inoceramus (Inoceramus) is prob-
ably derived from Actinoceramus MEEK, by way
of species such as [I. (s.l.) tenuis MANTELL, [.
(s.l.) inaequivalvis SCHLUTER and [. (s.1.) costa-
tus NAGAO & MatsumMmeTo. These taxa show an
intermediate character in various grades of
inequivalveness, with more inflated left valve
and more projected left umbo than that of the
right valve. I. (Inoceramus) is directly or indi-
rectly ancestral to 1. (Platyceramus) SEITZ, 1961,
1. (Cremnoceramus) Cox 1969, I. (Cordi-
ceramus) SEITZ, 1961 and I. (Volviceramus)
SToLICZKA, 1871.

Fig. 2. Basic linear measurements and angles used in inoceramid description

h — shell heigth, 1 — shell length, b — shell width, s — length of hinge line, H — maximum distance between umbo and ventral extremity,

L — maximum distance perpendicular to H, o — anterior hinge angle, B — beak angle (angle of umbonal inflation), y — posterior hinge

angle, 8 — obliquity (angle between hinge and H), ga — growth axis
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Inoceramus (Inoceramus) hobetsensis NAGAO
& MATSUMOTO, 1939
Pl. 16, Figs 1-3

1939. Inoceramus hobetsensis NAGAO & MATSUMOTO,
p. 281, Pl. 28, Fig. 3; P1. 29, Figs 1-6; Pl. 30, Figs
2-3.

1939. Inoceramus hobetsensis var. nonsulcatus NAGAO
& MATSUMOTO, p. 282, Pl. 27, Fig. 3; P1. 28, Fig.
4; P1. 30, Fig. 1.

1959. Inoceramus hobetsensis NAGAO & MATSUMOTO;
MartsumoTo, p. 84, PI. 11, Fig. b.

1975. Inoceramus hobetsensis NAGAO & MATSUMOTO;
Noba, pp. 249-251, PL. 32, Figs 6-9; P1. 33, Figs
1-7; Pl. 34, Figs 1-5; P1. 35, Fig. 1.

1977. Inoceramus (Inoceramus) hobetsens hobetsensis
NAGAO & MATSUMOTO; KAUFFMAN, p. 177.
1977. Inoceramus (Inoceramus) flaccidus WHITE;
KAUFFMAN, pp. 177-178 (non WHITE, 1874).

LECTOTYPE: The specimen figured by NAGAO
& MaTtsumoTo (1939, Pl. 29, Fig. 3; this paper
Pl. 16, Fig. 2), Hokkaido University Collection,
unregistered; designation by Noba (1975).

MATERIAL: 14 specimens from the Obira area,
Hokkaido, 13 specimens from the Ikushunbetsu
area, Hokkaido, 6 specimens from the Oyubari
area, Hokkaido, 10 specimens from the Hobetsu
area, Hokkaido, 15 specimens from the Kajisako
area, Shikoku and 35 specimens from the
Onogawa Basin, Kyushu.

DIAGNOSIS: Shell medium-sized to large,
sometimes attaining more than 40 cm in H,
inequivalve, moderately inflated along growth
axis, anterior face steep or perpendicular to plane
of commissure, posterior one moderately
inclined. General outline variable, normally
obliquely elongate parallel to H but some speci-
mens are relatively broad. Posterior wing devel-
oped with some variation. Surface ornamented
with two grades of commarginal sculpture; major
ribs commonly coarse, gradually broaden with
growth; minor rings superimposed on major ribs
and interspaces. Shallow radial sulcus developed
to posterior of growth axis from somewhat
beyond umbo to postero-ventral margin.

REMARKS: Three forms of I. hobetsensis can be
recognized: a typical form, as described above,
a non-sulcate form and a nodose form. The non-
sulcate form was assigned to the subspecies I

hobetsensis nonsulcatus by Nacao &
MATSUMOTO (1939) and MATSUMOTO (1959).
This form either has an incipient radial sulcus, or
lacks this character altogether. The nodose form,
on the other hand, has nodose swellings on the
commarginal folds on either side of the radial
sulcus.

These three forms occupy a morphological
continuum and all morphological grades have
been observed between the forms. For this reason
I believe that, under the biological species con-
cept, they do not warrant recognition as distinct
subspecies (NoDa 1975).

The proportions of the three forms vary
throughout the stratigraphic range of I. hobetsen-
sis. The typical form is found throughout the range
whereas the non-sulcate form is restricted to, and
dominates, lower horizons and the nodulosus form
is restricted to, and dominates, upper horizons.

Kaurrman (1977) suggested that the nodose
form of I. hobetsensis is synonymous with 1. (1.)
flaccidus WrITE, 1874, from the upper Middle
Turonian of the Western Interior Province of
North America. Similarities between [. flaccidus
and the nodose form of 1. hobetsensis had been
noted previously by NAGAo & MATSUMOTO
(1939) and MATSUMOTO (1959).

OCCURRENCE: [. (I.) hobetsensis is commonly

associated with Subprionocyclus neptuni

(GEINITZ), although the latter normally occurs in

the Upper Turonian.

1. Saku, Haboro and Kotanbetsu areas, northwest-
ern Hokkaido (MATsSUMOTO & OKADA 1973).

2. Obira area, northwestern Hokkaido.

3. Ikushunbetsu area, central Hokkaido.

4. Manji, Yubari and Oyubari areas, central

Hokkaido.

. Hobetsu area, southern Hokkaido.

. Kajisako area, southern Shikoku.

7. Uwajima area, western Shikoku (TANABE
1972, TERAOKA & al. 1986).

8. Onogawa Basin, eastern Kyushu.

N

RANGE: middle part of the Turonian.

Inoceramus (Inoceramus) teshioensis
NAGAO & MATSUMOTO, 1939
P1. 1, Figs la-b, 2,4, 6-7

1939. Inoceramus teshioensis NAGAO & MATSUMOTO,
p. 274, P1. 24, Figs 6, 7, 9; P1. 26, Figs 5-7.
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specimen h 1 b s H L a 8 r & 1/h b/h L/H s/1
0ES51019 20,7 | 18.0 - 13.0 | 22.5 - 90° - 114°} 65° | 0.87 - - 0.72
JG.H2238 | 50.3 | 43.1 - 118.8] 55,0 43.3 | 97° ¢ 72% 132°] 66°| 0.86 - 0.79 | O.44
JG.,H2240 | 41.3 | 37.9 - | 17.6 | 42.6| 35.8 | 107° | 80° 131° 64°| 0.92 - 0.84 | 0.46
JG.H2185 | 45.7 | 38.3 - | 16.3 | 47.2 | 36.4 | 107° -~ 1 125°| 68°| 0.84 - 0.77 . 0.43
JG.H3078a) 40.0 | 34.5 | 15,0 | 17.4 | 42,5 | 33.6 | 102° - 1 129°, 68°| 0.86 | 0.38 | 0.79 | 0.50
JG.H3078bi 40,8 33.5 | 16.4 - 4i4 6 | 34,2 | 101° - - 65°}| 0.82 0.40 0.77 -

JG.H3519 35.04 29.8 | 11.0 - 36.01 29.2 - 82° - - 0.85 0.31 0,81 -

JG.H3520 | 28.1 | 21.5|10.2 | 12.6| 29.1 | 23.0 | 122° | 76° | 126°| 75°] 0.77 | 0.36 | 0.79 | 0.59
JG.H3522 | 36.2 | 31.5 - | 17.4) 39.8| 31.2| 97° - | 122°| 63° 0.87 - 0.78 | 0.55
lectotype| 28 24 8 14 29 25 - - - | 0.86 0.29 0.86 0.58

Table 1. Measurements of Inoceramus (Inoceramus) teshioensis NAGAO & MATSUMOTO; linear dimensions in mm

Abbreviations: 1/h — simple ratio of shell length vs. shell helght, b/h — simple ratio of shell width vs. shell height, L/H — simple ratio

of L vs. H, s/l — simple ratio of length of hinge line vs. shell length; for other symbols readers may refer to Text-fig. 2

1959. Inoceramus teshioensis NAGAO & MATSUMOTO;
MATSUMOTO, p. 84.

1975. Inoceramus teshioensis NAGAO & MATSUMOTO;
Noda, pp. 251-253, P1. 35, Figs 2-7.

1976. Inoceramus teshioensis NAGAO & MATSUMOTO;
Noda & MATSUMOTO, no. 45-265, Figs 7-9.
1977. Inoceramus (Inoceramus) teshioensis NAGAO &

MATSUMOTO; KAUFFMAN, p. 178.

1982. Inoceramus (Inoceramus) teshioensis NAGAO &
MATSUMOTO; MATSUMOTO & al., p. 56, P1. 8, Fig.
5,PlL. 9, Figs 6-8.

1993. Inoceramus teshioensis NAGAO & MATSUMOTO;
ZONOVA & al.,pp. 103-104, P1. 40, Figs 13-15.

MATERIAL: 12 specimens from the Ponbetsu
area, Hokkaido, 7 from the Ikushunbetsu area,
Hokkaido, 23 from the Kajisako area, Shikoku
and 20 from the Onogawa Basin, Kyushu.

MEASUREMENTS: Measurements are shown in
Table 1.

DIAGNOSIS: Shell rather small, with maximum
size of about 90 mm in H, slightly inequivalve,
moderately convex, slightly higher than long,
surface ornamented with major ribs and minor
rings in combination which are regular in size
and intensity.

REMARKS: For details of the specific characters
refer to NAGAO & MATSUMOTO (1939) and NobpA
(1975). The specimens examined from various
areas of Hokkaido are, in general, well-pre-

served, showing the original shell shape, and
those from other areas are more or less secondar-
ily deformed or crushed. Secondarily deformed
specimens may superficially resemble other
species through elongation of the outline, broad-
ening and flattening of the shell convexity and/or
apparent strengthening of the ornament.

AFFINITY: Some specimens of I. (I.) teshioen-
sis resemble I. (I.) tenuistriatus in the small
size, shell convexity and marginal outline, but
are distinct in surface ornamentation. According
to MATSUMOTO (1959), certain specimens of 1.
(1.) teshioensis, are also similar to 1. (I.) costel-
latus WooDs, 1911, from the Upper Turonian of
England. Recently MATSUMOTO & AsAl (1996)
have noticed that /. (s.1.) kamuy, from the Lower
Turonian of Hokkaido, resembles in some
respects both /. (1.) teshioensis from Japan and
1. perplexus WHITFIELD, 1877, from the Western
Interior, but pointed out distinctions
(MaTsumMoTO & AsAI, 1996, pp. 382-383). No
linking species has been found from the middle
Turonian.

JG.H3522 specimen (P1. 1, Fig. 6), one of the
samples from loc.1k2014d of I. (I.) teshioensis
is similar to I. (I.) costellatus in general outline
and rib density. This seems to support the previ-
ous comments by MATSUMOTO (1959).

OCCURRENCE: I. (1.) teshioensis occurs com-
monly in the Upper Turonian of various regions
in Japan.
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1. Nakagawa district of the Teshio Mountains.
Abeshinai, Saku area in previous papers, includ-
ing the type locality, northern Hokkaido; Member
I1Id3, upper part of the Saku Formation, Middle
Yezo Group (MATSUMOTO & OKADA 1973).

2. Obira area, northwestern Hokkaido; Units Mn,
Mo, correlative of the upper part of the Saku
Formation (MATSUMOTO & OKADA 1973).

3. Mikasa area (Ponbetsu, Ponbetsu-Gono-sawa
and the main part of R. Ikushunbetsu areas), cen-
tral Hokkaido (see chapter on stratigraphy);
Member Illa, IITa, Upper Yezo Group.

4. Hobetsu area, southern Hokkaido, along the R.
Hobetsu, near the confluence of the Nutapoma-
nai-zawa; the correlative of the upper part of the
Saku Formation, Upper Yezo Group (MATSUMO-
TO & OKADA 1973).

5. Kajisako area, south Shikoku, loc. M-51; lower
part of the Lower Kajisako Formation, Sotoizumi
Group (TASHIRO & al. 1982).

6. Uwajima area, western Shikoku; upper mem-
ber of the Ogura Formation, Uwajima Group
(TERAOKA & al. 1986).

7. Onogawa Basin, eastern Kyushu ; upper mem-
ber of the Ryozen Formation, Onogawa Group.

1. (1) teshioensis is associated with 1. (I.)
tenuistriatus, 1. (1.) pedalionoides , M. incertus,
rarely with 1. (I.) hobetsensis and I. (1.) iburien-
sis. Various ammonites are associated in some
sediments: Subprionocyclus neptuni (GEINITZ) ,
S.  bravaisianus (D’ORBIGNY), S. normalis
(ANDERSON) and Reesidites minimus (HAYASAKA
& FukaADa) are important for interregional corre-
lation.

RANGE: I. (I.) teshioensis is restricted to the
Upper Turonian in Japan and adjacent areas,
characterising a distinct zone above the zone of
1. (1) hobetsensis. Exceptionally, for example,
on the route of the Ganseki-zawa (Ikushunbetsu
area, locs.Ik1712, 1715, 1718 in ascending
order) (UcHIDA & NobpA 1998 in press), 1. (1.)
teshioensis co-occurs with the typical form of /.
(1.) hobetsensis. The two specie co-occur also in
loc. H2467, in Hobetsu area. The level with co-
occurrence of these two species may be regarded,

at least tentatively, as the base of the Upper
Turonian.

Inoceramus (Inoceramus) iburiensis
NAGAO & MaTsuMoOTO, 1939
Pl. 2, Figs la-d, 2a, b; Pls 16-17

1939. Inoceramus iburiensis NAGAO & MATSUMOTO,
pp. 291-293, P1. 31, Figs 1-2, PL. 32, Fig. 2.

1965. Inoceramus iburiensis NAGAO & MATSUMOTO;
VERECHAGIN & al., p. 41, P1. 30, Fig. 1, Pl. 31,
Fig. 1, P1. 32, Fig. 1.

1971. Inoceramus iburiensis NAGAO & MATSUMOTO;
PERGAMENT, pp. 120-122, P1. 69, Fig. 1, Pl. 70,
Fig. 1,Pl. 71, Fig. 1, P1. 72, Fig. 1, P1. 73, Fig. 1.

1976. Inoceramus iburiensis NAGAO & MATSUMOTO;
Noba & MATSUMOTO, No. 45-266, Figs 7-8.

1977. Inoceramus iburiensis NAGAO & MATSUMOTO;,
KAUFFMAN, p. 179.

1981. Inoceramus (Inoceramus) iburiensis NAGAO &
MATSUMOTO; MATSUMOTO, pp. 18-20; P1. 2, Figs
1-2; P1. 4, Figs 1, 3; P1. 5, Fig. 2.

1982. Inoceramus (Inoceramus) iburiensis NAGAO &
MaTtsuMoTo; MATSUMOTO, pp. 2-3, PL. 1, figs 1-4.

1982. Inoceramus (Inoceramus) cf. iburiensis NAGAO
& MATSuUMOTO; MaTsuMmoto & al., p. 56, P1. 9,
Fig. 9.

LECTOTYPE: GMH7208 (HK7208 of NAGAO &
Matsumoto 1939, PI. 31, Fig. la-c) from the
Oyubari area, Hokkaido, designated by
MATsSuUMOTO (1981).

MATERIAL: KMNH.IvP100,004 (LV), GK.
H10089 (LV), JG.H40-1040(RV), 40-1041 (LV),
3502 (RV) from the Obira area; JG. H3504 (LV),
3505 (RV) from the Oyubari area, KMNH.
TvP100,002 (LV), JG.H3501 (RV) from the
Hobetsu area, Hokkaido, OES03067 (LLV), 03098
(RV) and 03126 (RV) from the Kajisako area,
Shikoku.

MEASUREMENTS: Measurements are shown in
Table 2.

DESCRIPTION: Shell large, sometimes huge
(H up to 43 cm); subequivalve, inequilateral,
considerably inflated from anterior to posterior
and also along growth axis, especially so in
umbonal region, anterior face broad, angularly
bent from the disk and nearly perpendicular or
somewhat concave to plane of commissure.
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specimen h 1 b s H L a 8 r 5 1/h b/h L/H s/1
K¥gg’ggg 285 [185+ | 92.5/150 (290 .230 |123 | 70 | - | 87 |0.65+| 0.32 | 0.79 | 0.81-
KMNH IvP | 228 1220 |100 - |250 200 |123 | 67 | - | 90 lo.88 | 0.tk | 0.80 -

100,004 ] 95.11 90.0|° -  63.0| - - z S - 0.95 - - | 0.60
JG.H3501 | 106.0, - | 33.8| 36.2 115.2 - | 100 - - 78 - 1032 - -
JG.H3502 | 113.6[100.0! 80.2 67.7(125,5| 98,1 | 104 | 73 | - | 78 | 0.88 | 0.71 | 0.78 | 0.68
JG.H3504 | 124.9| 86.4; 64.8] - [129.7|100.4 120 | 78 = - @ 84 |0.69 | 0.52 | 0.77 . -
JG.H3506 | 177.6|129.3| 86.8| 97.9|177.61162.0 | 102 74 | 74 | 80 | 0.73 | 0.49 | 0.80 | 0.76

{ | |
JG.
o4l | 421 289 (120 120 483 |278 |128 | 72 | - | 77 |0.63 @ 0.29 | 0.63 0.42
JG. | i | i !
T louo| 370 320|136 - |59o iz}z W1 | 72 | - 82 | 0.86 | 0.38 | 0.80 | -

Table 2. Measurements of Inoceramus (Inoceramus) iburiensis NAGAO & MaTsuMoTo from Hokkaido; linear dimensions in mm;

symbols as for Table [ and Text-fig. 2

Posterior part steep or moderately sloped and
passing to broad and flat posterior wing. Anterior
hinge angle 90° on average. Outline of shell sub-
trapezoidal, as high as long in youth, gradually
becoming higher with growth, and with nearly
straight ventral margin in adult stage. Hinge line
longer than two-thirds of shell length. Umbo ter-
minal, large, projected over hinge line and
strongly incurved.
Surface ornamented by major concentric ribs
. and minor concentric rings in combination. The
former coarse, round-topped and separated by
broad concave interspaces, rapidly weakening
towards anterior face and on posterior slope.
A shallow groove runs somewhat posteriorly
along growth axis. At the intersection between
a radial sulcus and concentric ribs, the ribs
become somewhat low, irregular and weakly
sinuous. Concentric rings superimposed on ribs
and interspaces, but sometimes oblique to major
ribs. Two radial ridges developed from some-
what behind umbo to the venter, of which the
anterior one demarcates the anterior face from
the flank, and the other one, along the growth
axis, sharply delimits the posterior slope from
the disk.

REMARKS: The original definition of I. (1.)
iburiensis given by NAGAO & MATSUMOTO
(1939, p. 291) on the basis of four syntypes was
more or less obscure, as MATSUMOTO (1981)
pointed out. MaTsuMoTO (1981) clearly rede-
fined the species in Japanese. The morphological
characters of the species are distinct, as described
above.

COMPARISON: [. (I.) iburiensis is some-
what similar to I. (I.) hobetsensis in its sube-
quivalve character, outline, and surface orna-
ment, but is distinguished from the latter
species by its conspicuously inflated umbonal
region, strongly incurved umbo, truncate
anterior face, which is bent sharply from the
disk. I. (I.) percostatus MULLER, 1887, from
the Coniacian of Germany and Caucasus is
also similar to the present species in general
outline, shell convexity and the ornament of
coarse concentric ribs with a shallow median
sulcus. As MATSUMOTO (1981) mentioned, 1.
(1.) percostatus differs from the present
species in its higher stratigraphic occurrence
in the Coniacian in comparison to the upper
Middle to lower Upper Turonian range of the
present species, its indistinct or narrower pos-
terior auricle, minor concentric ornament dis-
tinct even in the umbonal region and the con-
spicuously inflated shell throughout growth;
whereas the present species has a well devel-
oped posterior auricle which is clearly
demarcated from the flank, strongly incurved
umbo and broad and truncated anterior face
which is sharply bent from the flank.
KAUFFMAN (1977a) noted the resemblance
between I. (I.) iburiensis and I. (1.) lamarcki
stuemckei, HEINZ, 1926, as illustrated by
TROGER (1967, P1. 5, Fig. 9; PL. 6, Fig. 6), and
pointed out that the two species may be syn-
onymous. However, the morphological dis-
tinction between these species is clear, as has
already been pointed out by MATSUMOTO
(1981).
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PHYLOGENY: I. (I.) iburiensis can be inferred
to be derived from I. (I.) hobetsensis, because of
the similarity of the ontogenetic development
and stratigraphical occurrence. MATSUMOTO
(1959) suggested a close relationship between /.
(1.) iburiensis and the species I. (I.) flaccidus
WHITE, 1874, from the Middle Turonian of the
Western Interior. [. (I.) flaccidus is similar to the
nodose form of I. (I.) hobetsensis [= 1. (1.) flac-
cidus in KAUFFMAN’s sense, 1977a with whom
I agree]. This relationship is in harmony with the
assumed lineage of 1. (I.) hobetsensis to 1. (1)
iburiensis.

OCCURRENCE :

1. The type locality is recorded as Hakkin-zawa
(so-called Shirakin-zawa ) of Oyubari area ,
Yubari Mountains of central Hokkaido.

2. Obira area, northwestern Hokkaido. Locs.
R2114, 2117, Unit Mm-n; upper part of Middle
Yezo Group. Loc.Ob2100, Unit Mn-o, upper part of
middle Yezo Group along the R. Kamikinenbetsu.
Atloc.Ob2100 it is associated with huge specimens
of 1. (I.) hobetsensis and I. (Cr.) ernsti.

3. Oyubari area, central Hokkaido. In addition to the
type locality, Loc. Ku0104p. (=Y 121023 of HIRA-
NO et al., 1989, p. 29), Isojirono-sawa, Unit Uyl,
lower part of the Upper Yezo Group. Associated
with large specimens of I. (1.) hobetsensis.

4. Hobetsu area, southern Hokkaido. Locs.
H2125, 2123, 2135 along the Nutapomanai-
zawa, a tributary of the R.Hobets (MATSUMOTO
& OkADA 1973). 1. (I.) iburiensis occurs in the
upper part of the Zone of . (I.) hobetsensis.

5. Kajisako area, south Shikoku. Loc. M-03,
lower part of the Kajisako Formation, Sotoizumi
Group (TAsHIRO & al. 1982).

RANGE: Upper part of the Middle Turonian to
the lower part of the Upper Turonian.

Inoceramus (Inoceramus) pedalionoides
Nacao & MaTsuMoTo, 1939
Pl. 1, Fig. 9; PIL. 3, Figs la-b, 2, 3a-b

1939. Inoceramus pedalionoides NAGAO & MATSUMOTO,
pp- 277-279, PL. 26, Figs 8-0.

FPECTOTYPE: [GPS22720 (=Sd22720) figured
by NAGAO & MATsuMoOTO (1939, PL. 26, Fig. 8a-c)
designated herein.

MATERIAL: IGPS22720 (lectotype); JG.H3261
from loc. 1k2013d” of the Ponbetsu area, central
Hokkaido, JG.H3519 from Ob0003 and JG.H3520
from NH13c¢ (TANAKA, 1963) of the Obira area,
northwestern Hokkaido.

MEASUREMENTS: Measurements are shown in
Table 3.

RELATIVE GROWTH: Due to an insufficient
number of specimens for statistical analysis of
average relative growth, individual relative growth
is examined for both valves of specimen JG.H3261.
The relative growth between shell length (1) vs.
shell height (h) and shell width (b) and shell height
(h) are shown in Text-fig. 3. The analysis shows
the relative growth between 1 vs. h exhibiting neg-
ative allometry in both valves and that between
b vs. h, positive allometry in both valves..

DESCRIPTION: Shell small to medium sized,
attaining 65 mm in H, inequivalve and inequi-
lateral, much higher than long, considerably
inflated from anterior to posterior and moder-
ately and uniformly convex along growth axis.
Left valve more inflated than right. Anterior

specimen h 1| b s H L « 8 | v 8| wn| vm]| ]| sn
IGPS22720LV | 48.1 | 30.8 | 21.4 | 20.2 | 50.4 | 31.0| 88° | 63°| 108°| 74° | 0.64 | 0.44 | 0.62 | 0.66
TGPS22720RV | 46.8 | 30.8 513.9 19.9 | 47,0 37.0| 92° | - |110°| 73°|0.66 | 0.30 | 0.79 | 0.65
JG.H326LLV | 59.6 | 40.2 | 30.5 | 22.6 65.8| 37.0 | 96° | 80°|112°| 80° 0.67 | 0.51 | 0.52 | 0.56
JG.H3261RV | 54.6 | 39.2 | 20,2 | 22,6 57.0| 43.1| 98° | 85° | 117°| 80° | 0.72 | 0.37 | 0.76 | 0.58
JG.H3520LV | 36.8 25.3; 16.6 13.9f 38.2 | 23.2 [ 103° | 80° [ 113°| 73° | 0.69 | 0.45 | 0.61 | 0.55

Table 3. Measurements of Inoceramus (Inoceramus) pedalionoides NAGAO & MATSUMOTO; linear dimensions in mm;

symbols as for Table | and Text-fig. 2
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face truncated, perpendicular to plane of com-
missure and abruptly or sharply bent from disk,
posterior half gradually or steeply sloping to
margin, and posterodorsal. part steep, showing
distinct boundary with wing-like area. Umbo
small, terminal, curved and somewhat twisted
forwards, left one more projected over hinge
line than right. Anterior margin very long and
straight, and narrowly bent at anteroventral
margin, ventral one rounded and continuing to
broadly convex posterior margin which forms
an obtuse angle with hinge line. Hinge line more
than half of shell length.

Surface ornamented by major concentric ribs
or undulations and minor concentric rings in
combination. Major ornament variable in inten-
sity from almost smooth to fairly distinct, and
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Fig. 3. Diagram showing individual relative growth between I and

h, and b and h of Inoceramus (1.) pedalionoides 3G.H3261

irregular in breadth and shape, minor rings also
variable in intensity, being scarcely perceptible
to distinct, round-topped, crowded and regular in
breadth.

REMARKS: The present species shows fairly
high variability in outline, shell convexity and
surface ornament. These apparent morphologi-
cal variation, however, relates to various growth
stages or to secondary deformations. In the lecto-
type and the topotype specimen JG.H3261 the
shell is smooth or only weakly ornamented. In
contrast the specimen JG.H3519 and 3520, from
the Obira area, possess well developed concen-
tric ribs and rings. In specimen JG.H3519 the ribs
are, moreover, enhanced by deformation.

COMPARISON: As originally mentioned by
NAGAO & MATsuMOTO (1939), the young shell of
1. (1) pedalionoides closely resembles I. (I.)
tenuistriatus in its slightly inequivalve character,
umbonal inflation, marginal outline of dorsal
part, more or less developed wing and the same
type of surface ornament. In later ontogenetic
stages, however, I. (I.) pedalionoides becomes
distinct from [I. (I.) tenuistriatus in its much
higher outline, longer and more broadly rounded
posterior margin and truncated anterior face.
Moreover, in biometric analysis of the relative
growth, I. (I.) pedalionoides shows negative
allometry between | vs. h, and positive allometry
between b vs. h, whereas [I. (1) tenuistriatus
shows isometry in both 1 vs. h and b vs. h (Noba
1988, pp. 586-590).

1. (1) pedalionoides is also similar to speci-
mens of I. (I.) apicalis WooDS, 1911, from the
Middle and lower Upper Turonian of Europe
and the N. American Western Interior, in its
small size, vaulted shell and surface ornament
with distinct minor rings and blunt major orna-
ment but clearly distinguished from that species
in its characteristic pedal-like outline, less
prominent umbo, broad anterior face truncated
sharply from the disk and anteriorly concave
growth axis.

PHYLOGENY: KaurrmMaN (1977a) suggested
that the present species belonged to the I. (I.) pic-
tus — 1. (1.) apicalis phylogenetic lineage, on the
basis of morphological resemblance and strati-
graphical occurrence. Unfortunately, /. (I.) api-
calis has not been obtained from anywhere in
Japan. The resemblance in the early ontogenetic
stage between I. (I.) pedalionoides and I. (1)
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tenuistriatus implies a close relationship
between both species. In my opinion, 1. (/.) ped-
alionoides was certainly derived from I. (I.).
tenuistriatus.

OCCURRENCE:

1. Type locality: Ponbetsu area, probably
loc.Ik2013 on the R. Ponbetsu, central Hokkaido;
Member IIla’ of the Upper Yezo Group.

2. Obira area, northwestern Hokkaido. For details
see Chapter of Stratigraphy. Loc.NH13c (see
TaNakA 1963, Map. 11), left bank of the R.
Obirashibe about 300m downstream from the
confluence with the Jugosen-zawa; Unit Ub of
the Upper Yezo Group, associated with 7. (1.) cf.
uwajimensis. This place is submerged beneath
the artificial Lake Obirashibe.

3. Onogawa Basin, eastern Kyushu, loc.ON201,
upper member of the Nakakawarauchi
Formation, Onogawa Group.

RANGE: As is clear from the stratigraphic posi-
tions of the localities and associated species the
range of the present species is from the Upper
Turonian to the upper Lower Coniacian.

Inoceramus (Inoceramus) tenuistriatus
NaGcao & MaTsuMorto, 1939
Pl. 3, Figs 4a-c, 5, 6, 9a-c

1939. Inoceramus tenuistriatus NAGAO & MATSUMOTO,
pp. 272-274,P1. 24, Fig. 8, P1. 26, Figs 1-4.
1966. [Inoceramus tenuistriatus (7) NAGAO &
MATSuMOTO; PERGAMENT, pp. 47-48, P1. 13, Figs
2-4; Pl. 14, Figs 2-4.

1976. Inoceramus tenuistriatis NAGAO & MATSUMOTO;
Nopa & MATSUMOTO, no. 45-265, Fig. 6.

1980. Inoceramus tenuistriatus NAGAO & MATSUMOTO;
Futukami & al., Pl. 8, Fig. 9.

1988. Inoceramus tenuistriatis NAGAO & MATSUMOTO;
Nobpa, pp. 584-595, Figs 5-8.

LECTOTYPE: GMH7192 (=HK7192 of NAGAO
and MATSUMOTO, 1939, p. 262, pl. 26, fig. 1) des-
ignated by PERGAMENT (1966, p.47) from the
Ponbetsu area, central Hokkaido.

MATERIAL: 91 specimens from localities
1k2012-2014 in the Ponbetsu area, and several
specimens from the Ikushunbetsu, Ponbetsu-Gono-
sawa and Obira areas. For details see NoDA (1988).

MEASUREMENTS: Measurements are shown in
Table 4.

DIAGNOSIS: Shell small (H below 50 mm),
inequivalve and inequilateral, considerably
inflated from anterior to posterior and also along
growth axis. Umbo small, terminal and slightly
projected over hinge line. Hinge line more than
half of shell length, general outline pentagonal.
Surface ornamented with very fine concentric

specimen h 1 b s H L o B ¥ 8 1/h b/n L/H s/1
IGPS22751 | 29.9 | 26,0 | 11.0 | 16.0 | 33.0 | 27.0 | 109° 80° | 113°| 71° | 0.87 0.37 0.82 0.62
o |GMH7192 24,0 21.0|11.8| 14,0 | 27.0| 23.0 | 110° 82° | 120°| 65° | 0.88 0.49 0.85 0.67
% GK.H8280b | 17,2 | 14.3 6.0 9.6 | 20.3; 14.0 98° 88°  116°| 58° | 0.83 0.35 0.69 0.67
; GK.HB8284 27.0121.6 | 10.5 12.45 28,8 | 20.6 | 105° 84° 1117°| 67° | 0.80 0.39 0.72 0.57
g JG.H2862a | 31,2 | 26,5 | 12.2 | 15.7 | 36.0 | 28,0 | 107° 76° 1 115° ) 76° | 0.85 0.39 0,78 0.59
JG.H2968a | 26,0 | 21.2 | 10.4 | 13.8 | 27.6 @ 23.8 | 108° 78° | 104° | 78° i 0,82 0.40 0.86 0.65
IGPS22751 | 27.0 | 24.0 9.0 17.2 | 30.0| 25.0 90° 90° | 115°; 66° : 0.89 0-337 0.83 0.72
° GMH7187 22.0] 19.0 8.0 12.8 | 24.0 21.0 99° 89° | 112°! 68° | 0.86 0.36 0.88 0.67
Zlok.He278a | 24.3 | 18.8 | 6.4 | 15.0 | 26.4 | 25.8| 92°| 90° | 111° 54°|0.77 | 0.26 | 0.90 | 0.80
; GK.H8279b | 15.8| 12.9 3.9 8.5 16.7‘ 13.3 99° 85° 1 115° 60° ] 0.82 0.25 0.80 0.66
‘? JG.H2863c | 24.3 | 17.5 8.2 8.6 26.0: 19.0 | 106° 85° ;1 106°! 70°| 0.72 0.34 0.73 0.49
JG.H2975a | 23.7 | 18.6 8.1] 10.0| 26,2 ] 20.7 | 110° 98° | 117°}| 72° | 0.78 0.44 0.79 0.54

Table 4. Measurements of Inoceramus (Inoceramus) tenuistriatus NAGAO & MATSUMOTO; linear dimensions in mm;

symbols as for Table 1 and Text-fig. 2
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lirae and low and narrow concentric rings. Low
and broad concentric undulations may occur
rarely.

REMARKS: This species is quite distinct in its
small size (less than 50 mm in H), vaulted shell,
pentagonal outline and fine ornament. According
to biometric analysis (Nopa 1988, pp. 585-589)
the extent of variation in shell form is small
except for the shell convexity and ratio s/l, and
slightly inequivalve.

For the comparison of this species with 1. (1.)
pedalionoides see the description of that
species.

Despite the original description and figures
by NaGcao & MATsuMoTO (1939), various forms
from the Cenomanian outside Japan have been
incorrectly assigned to the present species. The
so-called “I. (1) tenuistriatus™ from various hori-
zons of Euramerica and the Pacific Coast of
Russia is morphologically distinct from the pop-
ulation sample from the type locality (Nobpa
1988, p. 588, 591, 593). To settle the above con-
fusion, Nopa (1988) redefined the present
species. I agree with MATSUMOTO & TANAKA
(1988) in their remarks that some specimens of
so-called 1. (I.) tenuistriatus from outside Japan
should be preferably assigned to the species I
nodai MATSUMOTO & TANAKA, 1988, from the
Upper Cenomanian of the Ikushunbetsu and
Ovyubari areas, central Hokkaido.

COMPARISON: [I. (I.) inaequivalvis
SCHLUTER, 1877, from the upper Turonian of
Europe and 1. (I.) submametensis ZONOvA, 1982,
from the Middle Turonian of the Pacific Coast of
Russia are somewhat similar to I. (I.) tenuistria-
tus. However, I. (I.) inaequivalvis is distin-
guished from [I. (I.) fenuistriatus by its broad
wing, well developed major ribs, distinct inequiv-
alveness and longitudinally rectangular outline. /.
(1.) submametensis is also distinguished from the
present species by its well developed posterior
auricle and concentric ribs.

OCCURRENCE:

1. Type locality, loc. 1k2013, see the item of 1. (1.)
pedalionoides.

2. Ponbetsu — Gono — sawa, loc. Ik2727; Member
111a’ of the Upper Yezo Group, associated with
Lymaniceras planulatum. For the locality, refer
to MATSUMOTO (1984, fig. 4) or MATSUMOTO &
Nobpa (1985, fig. 1).

Occurrences of I. (I.) tenuistriatus have been
recorded by a number of researchers from vari-
ous areas, such as the Soashibetsu, Hatonosu,
Manji, Oyubari and Hobetsu areas of central
Hokkaido, the Obira area of northwestern
Hokkaido and the Uwajima area, western
Shikoku. Some specimens from the previously
listed localities may, however, need reexamina-
tion based on the revised definition.

RANGE : The examined specimens came from
the Upper Turonian in the limited area of
Hokkaido. The true range and the geographic
distribution of the species have yet to be
worked out.

Inoceramus (Inoceramus) lusatiae
ANDERT, 1911
Pl. 4, Figs la-c, 2a-c, 3a, b, 4

1911. Inoceramus lusatiae ANDERT, pp. 54, 56, PL. 2,
Figs la-b, Pl. 3, Fig. 3, P1. 8, Figs 3-5.

1934. Inoceramus lusatiae ANDERT; ANDERT, p. 126,
Pl. 7, Figs 1-3, Text-figs 14a-b.

1967. Inoceramus lusatiae ANDERT, TROGER, pp. 73-
76, Pl. 8, Figs 2-3.

1977, Mytiloides lusatiae (ANDERT); KAUFFMAN, pp.
240,243, P1. 9, Figs 17, 23.

1992. Inoceramus lusatiae ANDERT; WALASZCZYK, pp.
32-33, Pl. 27, Figs 1-3, 5-6.

1996. Inoceramis (Inoceramus) lusatiae ANDERT;
Noba, pp. 558-564, Figs 2-1a-e, 2-2a- e, 3-1a-c,
3-2,3-3, 3-4 (cum synonymy).

non 1971. Inoceramus lusatiae ANDERT, PERGAMENT,
pp. 94-95, P1. 23, Fig. 1.

LECTOTYPE: The specimen figured by ANDERT
(1911, PL. 2, Figs la-b) and TROGER (1967, PL. 8,
Figs 2a-b) was designated as the lectotype by
TROGER (1967).

MATERIAL: 7 specimens, JG.H3095, 3096,
3100, 3101, 3102, 3201 and 3202 from the
Ashiyachi-zawa in the Ikushunbetsu Valley, cen-
tral Hokkaido.

MEASUREMENTS: Measurements are shown in
Table 5.

DIAGNOSIS: Shell nearly equivalve, highly
inequilateral and oblique, with some variation;
valves variably inflated. Outline with guitar-like
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specimen h 1 b 5 H L o 8 1 r 8 1/h b/h L/H s/1
JG.H3095LV 73,0 62.0 | 25.0 - 79,0 | 63.0 - 8g° - 64° | 0.85 0.34 0.80 - i
JG.H3095RV 81.0| 66.01{ 26.8 - 86.0 | 68,0 | 120° 86° 60°; 66° | 0.81 0.33 0.79 -
JG.H3096LV | 70.7  6l.4 | 24,51 33.0| 75.0 | 57.0 | 120° | 79° - | 67°] 0.87 | 0.35 0.76 | 0.54
JG.H3096RV | 70.7 | 61.4 | 23,0 | 33,0| 75.0 | 57.0 i 114° 84° - 67°| 0.87 0.33 0.79 0454
JG.H3100RV 76,0 | 62.7 | 21.3 | 43.8| 89,0| 70.0 100° ; 76° 87° ] 57° | 0.83 0.28 0.79 ' 0.704

Table 5. Measurements of Inoceramus (Inoceramus) lusatiae ANDERT from Hokkaido; linear dimensions in mm;

symbols as for Table 1 and Text-fig. 2

concaved posterior margin; posterior auricle tri-
angular and sharply delimited from disc (for
details see NoDA, 1996, pp. 558-564).

REMARKS: The available specimens are mainly
well preserved, retaining the original outline. The
obliquity (8) ranges from 57 to 67° and the shell
convexity (b/h) ranges from 0.28 to 0.33 in the
right valve. In JG.H3096 (P1. 4, Fig. 3), the small
anterior auricle develops, but this is an excep-
tional case not described originally by ANDERT
(1911, 1934) or TROGER (1967). According to
TROGER (personal communication, 1993) the
ontogenetic changes of Na/Ha, Vo/Ha and Wa in
the Japanese specimens (JG.H3095, 3096) are in
the range of variation of the German ones (see
Noba 1996, p. 563, fig. 7), but the surface orna-
ment is distinct between the two groups. This
may imply the possibility of the existence of geo-
graphic subspecies.

PHYLOGENY: TROGER (1969, p. 74) suggested
that 1. (1) lusatiae may be derived immediately
from I. (I.) lamarcki stuemckei HeiNz, 1926 on
the basis of morphological resemblance and
stratigraphical occurrence. As has been men-
tioned recently (Nopa 1996, p. 563), some
specimens comparable with 1. (I.) lamarcki
stuemckei have been obtained from the Middle
Turonian of Hokkaido. Although not described
in detail, a specimen is figured herein (PI. 1,
Fig. 8) for reference. PERGAMENT’s specimen of
I. lusatiae (PERGAMENT 1971, PL. 23, Fig. 1)
from the uppermost Turonian of Kamchatka
should be referred to I. (1.) lamarcki.

OCCURRENCE: Localities. k7000, 7001, 7002
and 7003 along the lower reaches of the Ashiyachi-
zawa, a tributary of the R. Ikushunbetsu, Ikushun-

betsu area, central Hokkaido, may be submerged
beneath the artificial Lake Katsurazawa during the
full water season.

Locality 1k7000. Unit Illa, uppermost part of the
lower Upper Yezo Group, associated with 1. (1)
tenuistriatus and Yezoites sp. For others see the
stratigraphy chapter.

RANGE: Uppermost Turonian to Lower Coniacian.

Inoceramus (Inoceramus) uwajimensis
YEHARA, 1924
Pl. 3, Figs 10, 12; PIL. 5, Figs la-c, 2a-b, 3,
4a-d; P1. 6, Figs 1,3

pars 1924, Inoceramus uwajimensis YEHARA, pp. 36-
37, Pl. 3, Figs 1-2 [non P1. 4, Figs 1, and 3 which
is Inoceramus (Inoceramus) hobetsensis NAGAO
& MATSUMOTO].

1939. Inoceramus uwajimensis YEHARA, NAGAO &
MATsumMCTO, p. 286, P1. 34, Figs 1, 3-4, 6, P1. 35,
Figs 1-3.

1939. Inoceramus uwajimensis YEHARA, em. var.
yeharai NAGAO & MATSUMOTO, pp. 287-291, Pl.
33, Figs 2, 5; P1. 34, Fig. 4.

1962. Inoceramus yeharai NAGAO & MATSUMOTO;
SAITO, pp. 66-67, PL. 1, Figs 19- 20.

1975. Inoceramus uwajimensis YEHARA; NODA, pp.
253-256, Pl. 36, Figs 1-8; P1. 37, Figs 1-2, 4.

1982. Inoceramus (Inoceramus) uwajimensis YEHARA;
MaTtsumoto & al., pp. 57-58, P1. 9, Figs 10-11;
P1. 10, Fig. 2.

1994. Inoceramus (Inoceramus) uwajimensis Yehara;
Noda, pp. 17-19, PL. 4, fig. 2; P1. 5, fig 1; Pl. 6,
figs 1,2, 4-6.

LECTOTYPE: One of the syntypes of YEHARA
(1924, P1. 3, Fig. 2), from the Furushiroyama shale
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specimen h 1 b s H L a B ¥ 5 1/h b/h L/H s/1
JG.H2066LV | 63.8 | 55.6 | 19.6 - | 70.0! 56,51 100° | 73° - 1 79°|0.87 | 0.31 | 0.81 -
JG.H2154LV | 77.0 | 65,2 - - | 84,5 62,3; 95° | 87° - 1 68°} 0,85 - 0.74 -
JG.H2166LV | 67.0 | 62.8 | 14.0 [ 27.1| 74,6| 61,2 95° | 73°  139°| 53°! 0.94 | 0.21 | 0.82 | 0.43
JG.H30L7LV | 55.3 | 50,0 13.2 - 57.3| 50,0 98° | 72° - | 61°| 0,90 | 0.24 | 0.86 -
JG.H3524LV | 69.0 | 64.8 | 20.0 | 24,2 | 83.0 | 66.2; 96° | 79°|131° 54° 0,94 | 0.29 | 0.80 0.37
JG.H3525LV | 5h.4 | 39.7 | 13.4 | 15.2 | 55.5 1 38.8 | 103° | 80°  136° 71° | 0.73 . 0.25 | 0.70 = 0.38
JG.H3528LV | 56.5 | 47.6 | 12.6 | 21.0 | 62.7 | 46.1 | 89° | 75° | 142°| 56° | 0.84 | 0.22 | 0.74 | O.u44
JG.H3529LV | 45.0| 41.8  17.2 | 16.2 | 51.5| 39.1| 88° | 78°137°| 51°| 0.93 | 0.38 | 0.76 & 0.39
JG.H3530LV | 56.0 | 46,9 13,2 - 159.2150,0| 95°| 78°| - | 66°|0.8s | 0,24 0.84 -
JG.H3534LV | 71,9 63.1| 21,7 | 33.3 | 82.5 | 60.9| 91° | 73°148°| 53°| 0.88 | 0.30 | 0.74 | 0.53
JG.H3071RV ] 79.0 | 62.9 | 16.6 | 22.2 | 86.2 | 67.8 | 100° - | 137°| 60°: 0.80 | 0.21 | 0.79 | 0.35
JG.H3522RV | 43,7 42.6 14.6 | 16,7 52.8 1 37.8] 95°  72°  132°:! 53°) 0.97 | 0.33 | 0.72 | 0.39
JG.H3532RV | 66.2 | 58.8 | 19.2 | 35.9 | 67.0| 60.0 | 110° | 79°| 100° | 68°| 0,89 | 0.29 | 0.90 | 0.61
JG.H3535RV | 46.4 | 38,4 - 147 4722 38.6 | 96° - [ 133°)| 64°| 0.83 - 0.82 | 0.38

Table 6. Measurements of Inoceramus (Inoceramus) uwajimensis YEHARA, linear dimensions in mm;

symbols as for Table 1 and Text-fig. 2

(Furushiroyama Formation), Uwajima Group,
western Shikoku, designated by MATSUMOTO in
TAKAI & MATSUMOTO (1961, p. 273).

MATERIAL: 20 specimens from the Ponbetsu-
Gono-sawa, 22 specimens from the Okuhidarimata-
zawa, Ikushunbetsu area, central Hokkaido, 22
specimens from the Futaba Group, Fukushima
Pref., 12 specimens from the Furushiroyama
Formation (Type locality) Uwajima Group, western
Shikoku and 46 specimens from Onogawa Group,
eastern Kyushu.

MEASUREMENTS: Measurements for some
selected specimens are shown in Table 6.

DESCRIPTION: Shell normally medium-sized
(H up to and sometimes in excess of 100 mm),
slightly inequivalve, inequilateral; moderately
and uniformly convex from anterior to posterior
and also along growth axis. Umbo small, termi-
nal and slightly projected over hinge line. poste-
rior wing-like area variable in shape and extent.
Beak angle (B) variable, ranging from 72° to 87°.
General outline highly variable: oval, fan-
shaped, pentagonal and elongate ellipse. Surface
ornamentation: major concentric ribs commonly
predominant, variable in density, crowded or
broadening with growth, often irregular in shape,

sharply acute-topped to blunt; minor riblets gen-
erally hardly perceptible, but distinct near the
umbo in well preserved specimens.

REMARKS: The original material of YEHARA
(1924) is heterogeneous (see synonym list), con-
taining two specimens of 1. (I.) hobetsensis from
Kofuji, eastern Kyushu. NAGAO & MATSUMOTO
(1939) redefined its specific characters on the
basis of a number of specimens from various
regions (including south Sakhalin), and separated
a form with a distinct wing-like area from the
typical form as a variety yeharai.

1. (I.) uwajimensis commonly occurs densely
crowded in shell beds, from which large num-
bers of specimens can be collected. Nopa (1975)
examined populations of the species from
Southwest Japan and analysed biometrically the
morphological variation within individual popu-
lations and between successive populations. The
variation is schematically illustrated in Text-fig.
4. In that paper it was concluded that the range of
variation in selected characters gradually
increased up section. In addition the form called
yeharai was found to fall within the range of
variability of a single population. Independently
from the above biometric studies, TOSHIMITSU
(personal communication, 1995) pointed out
that the posterior wing-like area develops com-
monly in I. (I.) uwajimensis albeit with a large
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extent of variation, but it is readily broken off
because of the delicate shell structure. In fact,
a sample of Ik2710 from the Ponbetsu Gono-
sawa, contains apparently variable specimens
with or without wing-like areas, the latter being
referable to the variety yeharai. 1. (I.) uwaji-
mensis var. yeharai thus describes well pre-
served specimens of [. ([.) uwajimensis that
retain the posterior wing-like area, and its sepa-
ration is therefore unnecessary.

KAurrMAN (1977a) stated that, based on the illus-
trations in YEHARA (1924) and Nacao &
MATSUMOTO (1939) 1. (I.) uwajimensis was synony-
mous with [ (I.) stantoni SokoLov, 1914 [= 1. (I.)
acuteplicatus STANTON, 1899] from the Middle
Coniacian of Sakhalin. However, YEHARA’s original
material was heterogeneous, as mentioned above.

So far as can be observed from the illustra-
tion of SokoLow (1914), the two species closely
resemble one other, and a specimen figured by
SokoLow (1914, PI. 5, Fig. 7) was collected by

JimBo from south Sakhalin. PERGAMENT (1971)
regarded I. (I.) uwajimensis and var. yeharai as
a junior synonym of . (1.) stantoni. Although he
examined an adequate number of specimens
there are, nevertheless, some differences
between the Russian and Japanese specimens. In
the Russian specimens, the concentric ribs are
round-topped with wide interspaces, and are not
comparable with the ribs in any form of 7. (I.)
uwajimensis, regardless of the large extent of
variation in the ornament of that species. The
ornament of the Russian species more resembles
that of 1. (I.) hobetsensis. However, although the
synonymy between I. (I.) stantoni and I. (I.)
uwajimensis 1s highly probable, the specific
name [. (I.) uwajimensis is retained until
detailed population studies have been carried out
for the former species.

L. (1) uwajimensis is allied to 1. kleini MULLER,
1. frechi FLEGEL, [. glatziae FLEGEL, . stillei HEINZ
and /. guerichi HEINZ, from the Upper Turonian to

Fig. 4. Variation of outline in Inoceramus (I.y uwajimensis; sample UN10O1; A, B, and F; smple UF101 — A, B, and F; Sample OI213
- all forms; Sample 01214 — A, B, C, D, and G; Sample AS201 — A, B, D, and G (after Nobpa 1975)
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Lower Coniacian of Europe, as pointed out, origi-
nally, by NAGAO & MATSUMOTO (1939). However,
its actual derivation is not clear. MATSUMOTO
(1959) originally assumed as a possibie ancestry of
1. (1) uwajimensis the I. (1.) teshioensis — I. (I.)
costellatus — 1. (I.) perplexus lineage. At
loc.1k2013 on the R. Ponbetsu, a definite Upper
Turonian locality, a specimen (JG.H2864) compa-
rable with . (I.) uwajimensis was exceptionally
found together with 1. (I.) teshioensis. 1 have also
noted a similar co-occurrence of the two species in
the Uwajima Group, western Shikoku.

Undoubted examples of I. (I.) costellatus
have not been recorded from Japan, but speci-
mens that can be compared with that species are
occasionally included in populations of 7. (1.)
teshioensis. In addition to the morphological
resemblance, the stratigraphic occurrence sup-
ports the lineage suggested by MATSUMOTO
(1959).

The extent of variation of I. (I.) uwajimensis
gradually increases stratigraphically upwards.
Various forms linked by intermediates co-exist in
a single population from any one horizon.

OCCURRENCE:
1. Type locality. Somewhere in the Uwajima
area, western Shikoku.

2. Obira area. northwestern Hokkaido. Unit Ub-d,
Upper Yezo Group.

3. Ponbetsu, Ikushunbetsu areas, central
Hokkaido; upper part of Member IIIb, b’ and
lower part of Member Illc, ¢’, Upper Yezo
Group.

4. Oyubari area, central Hokkaido; upper part of
Unit U1, Upper Yezo Group (HIRANO 1986).

5. Futaba area, Fukushima Prefecture, northeast
Honshu; Ashizawa Formation, Futaba Group
(SarTo 1962).

6. Kajisako area, southern Shikoku; Kajisako
Formation, Sotoizumi Group.

7. Onogawa Basin, eastern Kyushu; Shibakita
and Inukai Formations, Onogawa Group.

For the associated species in Hokkaido, see
MartsumoTo 1984, pp. 176-177.

RANGE: Lower to Middle Coniacian.

Subgenus Cremnoceramus Cox, 1969

TYPE SPECIES: [Inoceramus inconstans
Woobs, 1912, designated by Cox (1969).
DIAGNOSIS: See Cox (1696, p. N314) and
KAUFFMAN in HERM & al. (1979, p. 58).

REMARKS: See KaUFFMAN (in HERM & al.
1979, p. 59) and Noba (1996, p. 571).

The geniculation in shell convexity is an essen-
tial criterion for I. (Cremnoceramus) as HEINZ
(1932) and Cox (1969) originally pointed out.
TROGER (1981a), however, suggested that the
geniculation should not be applied for taxonomic
purposes, since it is a highly flexible feature
varying with the mode of life. As discussed by
KAUFFMAN (in HErRM & al. 1979), 1. rotundatus
FIEGE, 1930, and 1. waltersdorfensis ANDERT,
1911, show transitional characters between 1.
(Inoceramus) and I. (Cremnoceramus).

Inoceramus (Cremnoceramus) ernsti
HEeinz, 1928
Pl. 6, Figs 4a-c, 5, 6a-b. P1. 7, Fig. la-c; P1. §,
Fig. 1

pars 1912. Inoceramus lamarcki PARKINSON; WOODS,
p. 325, Text-fig. 85.

1928. Inoceramus ernsti HEINZ, pp. 73-74.

1934, Tethyoceramus (Protoceramus) ernsti (HEINZ);
Heinz, p. 250, P1. 19, Fig. 1.

1967. Inoceramus ernsti HEINZ; TROGER, pp. 128-130,
Pl. 14, Figs 1-6.

7 1971. Inoceramus cf. ernsti HEINZ; PERGAMENT, pp.
119-120, P1. 33, Fig. 2, PlL. 34, Fig. 3.

1977. Inoceramus (Inoceramus) ernsti HEINZ,
KAUFEMAN, pp.242, 244, P1. 11, Fig. 5.

1992. Inoceramus (Cremnoceramius) ernsti HEINZ;.
LLopPEZ, pp. 2.245-2.248, PI. 1, Figs 4, 5a-b.

1992, Cremnoceramus ernsti (HEINZ); WALASZCZYK,
pp. 55-56, P1. 32, Figs 1-3.

1996. Inoceramus (Cremnoceramus) ernsti HEINZ;
Nopa, pp.576-585, Figs Sa-c, 6- 21a-c, 6-2a-d, 7-
la-c, 7-2a-c, 7-3a-d (cum synonymy).

LECTOTYPE: The specimen from the Upper
Chalk of England illustrated by Woobs (1912,
p. 325, Text-fig. 85) [British Geological Survey
BGS GSM 21237], designated by TROGER
(1967, p. 128). The same specimen was pho-
tographed by WaALAszczYk(1992, P1.32, Figs
2a, b).




TURONIAN AND CONIACIAN INOCERAMIDS IN JAPAN

MATERIAL: JG.H3017, 3059, 3061 and 3023
from the Obira area, northwestern Hokkaido.
MEASUREMENTS: Measurements are shown in
Table 7.

DIAGNOSIS: Shell inequivalve, moderately
convex with geniculation, anterodorsal part
deeply concave to plane of commissure; growth
axis broadly concave to anterior; surface orna-
mentation fairly variable in breadth, shape and
intensity (for details see Nopa 1996, pp. 578-
581).

REMARKS: I. (Cr.) ernsti was established by
HEINZ (1928) on the basis of a single specimen
(British Geological Survey BGS GSM 21237),
figured by Woobs (1912a, Text-fig. 85). The
original specimen comprises a well preserved,
undistorted right valve that lacks the posterior
margin. Therefore, the length of hinge line,
development of the posterior wing, curvature of
the posterior margin and the variation of the
species are actually unknown. Moreover, the
stratigraphic position of the original specimen is
not known precisely but was cited as ?zone of
Holaster planus, Upper Chalk [Upper Turonian
Sternotaxis plana Zone in modern terminology;
however, the style of preservation and the type
of matrix suggests Lower Coniacian Micraster
cortestudinarium Zone as a more likely prove-
nance: editor’s comment] Consequently, various
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forms with dissimilar ornament have been
assigned to 1. (Cr.) ernsti by different authors.
The specimens from Japan comprise diverse
forms with various types of ornament, but they
are all referable to some form previously
assigned to that species. JG.H3023 (P1. 7, Fig.
1) from the upper Upper Turonian somewhat
resembles I. (I.) hobetsensis, but its deeply
concave anterior face is too well developed for
that species, and rather similar to that of 1. (Cr.)
ernsti. JG.H3017 (Pl. 6, Figs 5, 6a-b; PI. 8, Fig.
1) from the Lower Coniacian consists of sepa-
rated valves: the left valve is in ornament dif-
ferent from that of JG.H3023 but its right valve
compares well in outline and shell convexity
with the type. WE.P1321 (Pl. 6, Fig. 4), from
the Lower Coniacian, is an immature right valve
with a nearly smooth surface; its marginal out-
line and concave growth axis closely resemble
those of the lectotype.

PHYLOGENY: The species is closely related
to Inoceramus (1.) lamarcki and it was actually
regerded as variety of this species by WooDs
(1912a). TROGER (1969) proposed the following
lineage: 1. (1.) lamarcki lamarcki — 1. (I.) lamarcki
stuemckei — I. (Cr.) ernsti — I. (V.) koeneni. This
scheme was accepted by Nopa (1996, p. 581) who
suggested further, that 7. (Cr.) ernsti may be
regarded as ancestral form of I. (Cordiceramus).
OCCURRENCE:

specimen h 1 b s H L 4 ¥ & 6H=60mm
JG.H301L7LV | 140.0 109.2 46.2 38.4 141.0 102.5 120° | 140° 87° 83°
JG.,H3017RV | 109.0 95.9 33.8 35.9 111.6 90,0 121° | 138° 81° 78°
JG.H3059LV | 52.1 45,3 | 25.5 19.8 | 57.6 36.4 136° | 90°{ 86° -
WE.P1321RV 34,7 30.1 19.1 15.0 35.4 29.5 117° | 128° . 80° -
JG.H3023LV | 340.0 282.0 115,0 | 122.0 355.0 | 290.0 100° - 58° 78°
specimen 1/h l/hH=6Omm b/h b/th=60mm L/H s/1 remarks
JG.H3017LV 0.78 0.93 0.33 0.26 0.73 0.35
JG.H}Oi?RV 0.88 0.89 0.31 0.28 0.81 0.37
JG . H3059LV 0.87 - 0.49 - 0.63 | 0.34 Somewnat deformed
WE.P1321RV 0.86 - 0.55 - 0.83 | 0.50 less than 60mm in H
JG.H3023LV 0.83 0.83 0.34 0.33 0.82 0.43

Table 7. Measurements of Inoceramus (Cremnoceramus) ernsti HEINZ, linear dimensions in mm;

symbols as for Table 1 and Text-fig, 2
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1. Obira area, northwestern Hokkaido. Locs.
Ob0011, 0013, 0020, along the main course of
the R. Obirashibe, now submerged beneath the
artificial Lake Oberashibe; Unit Ub of the Upper
Yezo Group. Loc.Ob2100, a cliff along the R.
Kamikinenbetsu, a tributary of the R. Obirashibe;
Unit Mn-o uppermost part of the Middle Yezo
Group, associated with huge specimen of 1. (I.)
iburiensis.

2. Upper reaches of the R. Tkushunbetsu, central
Hokkaido. Loc.1k8617a, forestry road along the
Okuhidarimata-zawa; Unit IIIb of the Upper
Yezo Group, associated with I.(I.) uwajimensis.

RANGE: Upper Turonian to Lower Coniacian.

Inoceramus (Cremnoceramus) rotundatus
FIEGE, 1930
Pl. 8, Figs 3, 4a-b, 5, 7a, b, 8a-c

1930. Inoceramus inconstans rotundatus em. FIEGE, p.
42,Pl. 7, Fig. 32; P1. 8, Fig. 11, Text-fig. 3.
1967. Inoceramus rotundatus FIEGE; TROGER, pp. 110-
114, Pl. 12, Figs 5-6; P1. 13, Figs 10-13.

1979. Cremnoceramus 7 rotundatus (FIEGE); KAUFFMAN
(in HErRM & al., p. 68, PL. 9, Figs A, C.).

1985. Inoceramus rotundatus FIEGE; MATSUMOTO &
Noba, pp. 264-271, PL. 41, Figs 1-4; Pl. 42, Figs
1-6; PL. 43, Figs 1-11; P1. 44, Figs 1-7.

1996. Cremnoceramus rotundatus (TROGER, 1967 non
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FIEGE); WALASZCZYK, p. 377, fig. 3G-J.
Cremnoceramus rotundatus
WALASZCZYK, pp. 377-378, fig. 4D, E.

1996. (FIEGE);

LECTOTYPE: The specimen illustrated by FIEGE
(1930, PI. 7, Fig. 32) was designated by
BRrRAUTIGAM (1962).

MATERIAL: 27 specimens from the Ponbetsu-
Gono-sawa. For details see MATsSUMOTO & Nopa
(1985, pp. 264-265).

MEASUREMENTS: Measurements for selected
specimens are shown in Table 8. For full list of
the specimens see MATSUMOTO & NoDA (1985,
p. 266).

REMARKS: The specimens of 1. (Cr.) rotunda-
tus described by MaTsumoro & Nopa (1985)
are fairly variable in form and surface ornamen-
tation. WALASZCZYK (1996) noted the distinction
between the lectotype of 1. (Cr.) rotundatus and
the species referred to I. (Cr.) rotundatus by
TROGER (1967). According to WALASZCZYK
(1996), TROGER’s forms are characterized by
subregular, closely spaced and relatively high
concentric ribs, occasionally including low and
widely spaced concentric ribs with flat inter-
spaces and with irregularly spaced riblets. These
forms occur in the basal Coniacian, not ranging
to the upper part of the Lower Coniacian, where-
as I. (Cr.) rotundatus FIEGE sensu stricto seems

[ specimen h 1 b s H L a g | & | 1/n | o/mn | M| s/1
| JG.H2857LV 51.7 : 49,8 {20.2 | 25,0 | 54.1; 52.0 | 105° - | 134°] 62° 0,96 | 0.41 | 0,96 | 0.50
JG.H2869LV 40.5 | 37.4 | 15.2 | 24,5 | LL.4 | 40.8 | 103° - | 62° 10,92 | 0.38 | 0.92 | 0.66
JG.H2897dLV | 25.0 | 24,0 | 9.9 | 12.9 | 27.8 | 23.8 | 102° 131°| 63°|0.96 | 0.40 | 0.86 | 0.54
GK.HL0131LV | 62,2 | 52.0  22.8 | 29.0 | 69.4 | 60.3 | 108° - 126° 66°E 0.84 | 0.37 . 0.87 | 0.56
GK.HLOL37LV | 20.6 | 18,2 | 8.2 | 11.5] 22.0] 19.9 | 102° | 135°! 66°] 0.88 % 0.40 | 0.90 | 0.63
GK.H10135Lv | 22,5 |21.7 | 9.3 ] 11,7 25.9| 21.8 | 102° 132°| 62° " 0.96 :0.41 | O.84  0.54
JG . H2856RV 25.0 24,3 110.8 11.0|26.01 25.3| 128° 115° 73°[ 0.97 é 0.43 | 0,97 | 0.45
JG . H2866RV 23,0 22,4 | 7.5112.5| 26,0 23.5 lO5°i 133° 63°§ 0.97 ' 0.33 ! 0.90 | 0.56
JG.H2868RV 37.6 | 33.7 | 12.0 | 17.4| 38.2 | 35.6 1 107° 130° 62°? 0.90 | 0.32 | 0.93 | 0.52
GK.HLO131RV | 23.7  22.9 | 8.0 |14.1| 25.3| 23.0 | 100° 128° 61°1 0.97 | 0.34 | 0,91 | 0.59
GK.H10136RV { 17,1 |16.8 { 5.2 | 10.0| 17.6 | 16.0: 107° 117°1 59° 0.98 | 0.30 | 0.91 | 0.60
GK.H1O0138RV | 19.5 | 18.4 | 7.4 | 11.3| 20.7 | 19.3 115°L 137° 62°i 0.94 { 0.38 | 0.93 | 0.61

Table 8. Measurements of /noceramus (Cremnoceramus) rotundatus FIEGE from Hokkaido; linear dimensions in mm;

symbols as for Table 1 and Text-fig. 2; for details see MATSUMOTO & Noba (1985, p. 266, Table 1)
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to appear in the upper Lower Coniacian. From
the above evidence, WALASZCZYK proposes that
TROGER’s form should probably be referred to
a separate species. Some specimens of
MaTsumMoTO & NoDA (1985) were regarded as [.
(Cr.) brongniarti MANTELL, 1822, by
WaLaszczyk (1992, p. 48), which was consid-
ered a synonym of 1. (Cr.) rotundatus TROGER
(non FIEGE) by him (1996, p. 377). A rich mate-
rial of 1. (Cr.) rotundatus, from the Ponbetsu-
Gono-sawa, allowed the statistical evaluation of
its variation. The study showed that in thc popu-
lation sample from that locality these two
species co-occur. The typical specimens of [.
(Cr.) rotundatus F1EGE, as well as intermediate
to 1. (Cr.) rotundatus sensu TROGER, predomi-
nate in the basal part of the Lower Coniacian.
TROGER’s forms dominate the higher in the suc-
cession, where it is accompanied by /. (I.) uwa-
jimensis, It is very difficult to discriminate these
two forms as there is a number of intermediate
morphotypes.

PHYLOGENY: KELLER (1982, p. 116) pointed
out the distinction between /. (Cr.) rotundatus
and I. (Cr.) waltersdorfensis hannovrensis
HENz, 1932. At the same time he mentioned the
existence of a transitional form. In the Ponbetsu-
Gono-sawa area, central Hokkaido, an 1. (Cr.)
waltersdorfensis hannovrensis-like form co-
occurs with 1.(Cr.) rotundatus. As MATSUMOTO
& Nobpa (1985, p.271) mentioned, a few speci-
mens of the hannovrensis-like form are not sep-
arable from the forms that they identified with I.
(Cr.) rotundatus.

A few specimens compared with 1. (Cr.) wal-
tersdorfensis hannovrensis occur in Unit Ual,
somewhat below the horizon of I. (Cr.) rotunda-
tus (Unit Ua2), associated with an Upper
Turonian fauna in the Obira area, northwestern
Hokkaido. This would support the above inferred
lineage of I. (Cr.) rotundatus.

OCCURRENCE:

1. Obira area, northwestarn Hokkaido.

Loc. Ob0003 along the main course of the R.
Obirashibe; Unit Ua2 of the Upper Yezo Group.

2. Ponbetsu-Gono-sawa, locs. 1k2786, 2726,
2716, 2714 and 2710 along the rivulet of the
Ponbetsu-Gono-sawa, central Hokkaido; Member
IIIb’ of the Upper Yezo Group.

3. Ikushunbetsu area, central Hokkaido.

Locs.Ik966a-c, 965a-c and 964b along the main
course of the R. Ikushunbetsu, now submerged
beneath the artificial Lake Katsurazawa; Unit
ITIb of the Upper Yezo Group.

RANGE: Lower Coniacian.

Inoceramus (Cremnoceramus) lueckendorfensis
TROGER, 1967
Pl1. 9, Figs la-c, 2a-c

1959, Inoceramus inconstans WooDS; DOBROV
& Paviova, p.137,P1. 5, Figs la, b.
1967. Inoceramus inconstans lueckendorfensis
TROGER, pp. 102-105, P1. 11, Figs la-c.
1981b. Inoceramus “inconstans” lueckendor-
fensis TROGER; TROGER, pp. 102, 106-107,
Pl. 1, Figs 8-11.

1989. Inoceramus (Cremnoceramus) inconstans
lueckendorfensis TROGER; TROGER, p. 197-
198; list.

1991. Inoceramus inconstans lueckendorfensis
TROGER; TARKOWSKI, p. 109, P1. 13, Fig. 8.

1996. Inoceramus (Cremnoceramus) lueck-
endorfensis TROGER; Noba, pp. 585-587,
Figs 11-la-c, 11-2a-c.

HOLOTYPE: Specimen No. 92F (TROGER, 1967,
Pl. 11, Fig. 1a-c) by original designation.

MATERIAL: Two specimens, JG.H3097 and
3098, from the Obira area, northwestern
Hokkaido.

MEASUREMENTS: Measurements are shown in
Table 9.

DESCRIPTION: The specimens are both right
valves and fairly well preserved. With respect to
morphological characters, such as the inflated
shell with geniculation, concave anterior part,
blunt elevation of the valves along the growth
axis and the outline with subangular bend at mid-
venter, the above two specimens agree well with
the holotype of I. (Cr.) lueckendorfensis; where-
as the posterior auricle is well developed in the
holotype, it is obscure in the Obira specimens.
Minor concentric ornament is clearly perceptible
near the umbo in both the holotype and in the
Obira specimens. In the holotype there are major
concentric undulations up to the geniculated
stage. In the examined Obira specimens the
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specimen h 1 b s H L o T o 6H=6Omm
JG.H3097LV 105,7 89.2 L5.4 45.0 107.6 87.5 118°| 120° 77° 72°
JG.H3098LV | 102.8 | 89.1 42,0 | 37.8 | 106.1 86.4 | 118° - | 73° 66°
specimen 1/h l/thE;Omm b/h b/hH=60mm L/H s/1 remarks
JG.H3097LV 0.84 0.90 0,43 0.24 0.81 0.50
JG.H3098LV 0.87 0.93 0.41 0.29 0.81 0.42

Table 9. Measurements of Inoceramus (Cremnoceramus) lueckendorfensis TROGER from Hokkaido; linear dimensions in mm;

symbols as for Table 1 and Text-fig. 2

undulations are blunt in JG.H3098 and percepti-
ble only on the ventral slope of JG.H3097.

According to TROGER (personal communica-
tion, 1993), the Japanese specimens correspond
well to the German type specimen in shell shape
but are distinct in surface ornamentation. The
Japanese specimens may be ranked as a sub-
species of 1. (Cr.) lueckendorfensis, but the
establishment of a new taxon is postponed at pre-
sent because of insufficient material.

The two Obira specimens an onion-like putline,
which is clearly different from that of the typical
form of I. (Cr.) inconstans. For the above reason
lueckendorfensis should be ranked as a separate
species from I. (Cr.) inconstans (see also NODA
1996, p. 587). In order to clarify this problem the
specific distinction of the two taxa should be
examined at population level on the basis of
European material.

PHYLOGENY: Nobpa (1996, p. 587) assumed
that 1. (Cr.) lueckendorfensis was probably
a descendant of 1. (Cr.) rotundatus, based on the
morphological resemblance and stratigraphic
occurrence of the German and Japanese material.
This inference is supported by new stratigraphi-
cal data from the Obira area, in that it is now con-
firmed that the horizon of the two specimens of /.
(Cr.) lueckendorfensis is about 6 m higher than
that of 1. (Cr.) rotundatus within the succession
of locality Ob0003.

As an evolutionary successor of 1. (Cr.) lueck-
endorfensis, NODA (1996, p. 587) suggested previ-
ously 1. (Cordiceramus) cordiformis purus SEITZ,
1961. However, the latter taxon occurs in the
Upper Santonian of Germany. There is, therefore,
a considerable time gap between the occurrences
of the two taxa. Fortunately, a very well preserved
specimen which is closely similar to, or possibly
identical with I (Co.) cordiformis purus has been

obtained at loc. 1k2708 from the Upper Coniacian
of the Ponbetsu-Gono-sawa. This would strongly
support the inferred lineage, although there
remains a missing link in the Middle Coniacian.

OCCURRENCE: Loc.Ob0003, a cliff along the
R. Obirashibe, about 450m upstream from the
bridge called Tengu-bashi, Obira area, north-
western Hokkaido; Unit Ua2 of the Upper Yezo
Group, about 6 m above the horizon of [. (Cr.)
rotundatus.

RANGE: Upper part of the Lower Coniacian.

Inoceramus (Cremnoceramus) deformis
MEEK, 1871
Pl. 10, Fig. la-d

1871. Inoceramus deformis MEEK, p. 296.

1875. Inoceramus deformis MEEK; WHITE, pp. 179-
180, P1. 15, Fig. 1.

1877. Inoceramus deformis MEEK; MEEK, p. 146, Pl.
14, Figs 4a, b.

1977. Inoceramus (1) deformis deformis MEEK;
KAUFFMAN, p. 245, P1. 12, Fig. 3.

deformis
Kaurrman, p. IV.8, list.

1978. “Inoceramus” deformis n. subsp.; KAUFFMAN, p.
IV.§, list.

1978. Inoceramus ? deformis MEEK; KAUFFMAN, p.
XII1.2, list.

1986. Inoceramus (Cremnoceramus) deformis MEEK;
SEIBERTZ, p. 1177.

1992. Cremnoceramus deformis (MEEK); WALASZCZYK,
pp. 52-53, P1. 29, Fig. 4; P1. 30, Fig. 4.

1996. Inoceramus (Cremnoceramus) deformis MEEK,
Noba, pp. 572-576, Figs. 1-1a-d, 1-2a-c, 7-4 (cum
SYRONYIY).

1978. “Inoceramus” deformis MEEK;




TURONIAN AND CONIACIAN INOCERAMIDS IN JAPAN

HOLOTYPE: By monotypy, the specimen illus-
trated by MEex (1877, P1. 14, Fig. 4) from the
Niobrara Formation, Pueblo, Colorado, but the
precise locality is not recorded.

MATERIAL: Three specimens, JG.H3016, 3058
and 3060 from the Obira area, northwestern
Hokkaido.

MEASUREMENTS: Measurements are shown in
Table 10.

DIAGNOSIS: Shell nearly equivalve, with com-
paratively small beak and weakly developed
umbo; valves inflated with a geniculation in the
late stage; posterodorsal slope steep, without dis-
tinct wing-like area; growth axis concave.

REMARKS: For detailed description of the spec-
imens, see NoDA (1996, pp. 572-576).

The specimen JG.H3016 (P1. 10, Figs 1a-d) is of
articulated valves without secondary deformation
apart from minor displacement along the plane of
commissure. Three blunt radial elevations are per-
ceptible, the anterior one demarcates the anterior
part from the disc, the median one runs along the
growth axis, from which the posterior one is sepa-
rated by an interval of a shallow depression. The
concentric ribs are subangularly bent at the inter-
sections with radial the elevations. These characters
may imply some relationships with /. (Cordi-
ceramus).

1. (Cr.) deformis was established by MEEK
(1871), on the basis of a single imperfect speci-
men from the Lower Coniacian of the Niobrara
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Formation, Colorado. Subsequent information on
this species is very limited, and thus the variation
of the species is not yet clear at present. The
specimens assigned to I. (Cr.) deformis from the
upper Lower to lower Middle Coniacian of vari-
ous rigions around the world vary considerably in
general outline and surface ornamentation. The
available specimens from Japan correspond with
some forms of 1. (Cr.) deformis described or fig-
ured previously.

PHYLOGENY: On the basis of the morphologi-
cal resemblance and stratigraphical occurrence,
KaurrMaN (1978b) suggested the lineage of 1.
(Cr.) deformis as composed of I. (Cr.) rotundatus
— 1. (Cr)) erectus — 1. (Cr.) deformis — I. (Cr.)
schloenbachi. WALASZCZYK (1992) regarded [.
(Cr.) deformis as the last representative of the lin-
eage of I. (Cr.) waltersdorfensis ANDERT — I.
(Cr.) brongniarti MaNTELL — [. (Cr.) deformis
MEEK.

OCCURRENCE: Obira area, northwestern
Hokkaido, locs. Ob0012 and 0013 along the
main course of the R. Obirashibe, now sub-
merged beneath the artificial Lake Obirashibe,
at just below about the centre of the Takimi-
Ohashi Bridge; Unit Ub of the Upper Yezo
Group. Locs. 0012 and 0013 are the outcrops of
the same bed on both sides of the river.
Associated species; [. (I.) uwajimensis and 1.
(1.) aff. pedalionoides.

RANGE: Upper Lower and/or lower Middle
Coniacian, but the true range of this species in

specimen h 1 b 3 H L e ' ) 6H=6Omm
JG.H3016LV 99.2 | 81.8 39.8 38.3 99.6 87.0 132° | 102°| 86° 84°
JG.H3016RV 77.4 1 70.4 29.7 33.0 81.8 74.8 132° 102° ) 76° 70°
JG.H3058RV 51.8 @ 53.6 14,0 29.2 52.0 ! 59.3 123° 103°| 74° -
JG.H060LV | 53.3 | 45.1 | 19.2 | 18.1 | 53.3 | 42.7 | 136° | 104°| 87° -
specimen 1/h 1/hH=6Omm b/h b/hH=60mm L/H s/1 remarks
JG.H3016LV 0.82 0.94 0.40 040 0.87 0.47
JG.H3016RV 0.91 E 0.86 0.38 0.31 Cc.9 047
JG.H3058RV - - - - - - secondarily deformed
JG.H3060LV 0.85 - 0,36 - 0.80 0.40 less than 60mm in H
Table 10. Measurements of Inoceramus (Cremnoceramus) deformis MEEK from Hokkaido; linear dimensions in mm;

symbols as for Table 1 and Text-fig. 2




456 MASAYUKI NODA & TATSURO MATSUMOTO

Japan should become clear on the basis of further
stratigraphic work in various areas.

Subgenus Platyceramus SEITZ, 1961

TYPE SPECIES: [Inoceramus mantelli DE
MERCEY, 1877, by original designation (SEITZ
1961, ex HEINZ 1932).

DIAGNOSIS: See SEr1Z (1961, p, 54).

REMARKS: [. (Platyceramus) and 1.
(Cladoceramus) were originally proposed by
HeiNnz (1932) as full genera, but they were both
nomina nuda according to the rules of L.C.Z.N.
because they lacked diagnoses. I. mantelli and 1.
michaeli HEINZ (=1. digitatus SCHLUTER, revised
to 1. undulatoplicatus michaeli by SeITZ; non I
digitatus SOWERBY, 1877) were designated as the
type  species for  Platyceramus  and
Cladoceramus respectively.

SEITZ (1961) gave diagnoses for Platyceramus
and Cladoceramus, treating both taxa as subgenera
of the genus Inoceramus. The authorship for these
taxa is thus ascribed to SEITZ, as MATSUMOTO & al.
(1982) have already mentioned. Despite this situa-
tion, VOKES (1967, 1980) wrongly regarded these
taxa as being invalid, and Cox (1969) inadequate-
ly recorded Platyceramus as a junior synonym of
the genus Inoceramus and Cladoceramus as
a junior synonym of the genus Sphenoceramus.
Sphenoceramus is  quite  distinct  from
Cladoceramus in its acute beak angle, fairly thick
umbonal region, moderately inflated shell and pos-
terior wing sharply demarcated from the disc.

In SEITZ’s concept the distinction between
Platyceramus and Cladoceramus is subtle.
MatsumoTto & al. (1982, p. 63) and also Nopa
(1983, p. 202) revised SEITZ’s definition of
Platyceramus to include the subgenus Clado-
ceramus SEITZ, 1961, and gave a reason for that
assignment.

1. (Platyceramus) was probably derived from
1. (Inoceramus) in the Lower Coniacian, as is
discussed in the item below.

Inoceramus (Platyceramus) tappuensis
nom. nov.
Pl1. 10, Fig. 2a-c; PI. 11, Figs la-d, 2a, b.
1939. Inoceramus sp. nov. NAGAO & MATSUMOTO, pp.
280-281, P1. 27, Figs la-b; P1. 28, Fig. 1.

1977. Inoceramus sp. nov. NAGAO & MATSUMOTO;
KAUFFMAN, p. 176.

non 1979. Mytiloides striatoconcentricus trdgeri
KAUFFMAN, pp. 65-67, P1. 10, Figs D-E.
1986. Inoceramus sp. indet. (sp. nov.) Nacao &
MATSUMOTO; MATSUMOTO & NODA, p. 416.
1992. Inoceramus (Platyceramus) troegeri NODA, pp.
1315- 1326, figs 3a-d, 4-1a-d, 4-2a- b, 5- 2a, b, 6-
1-4.

non 1992. Mytiloides troegeri KAUFFMAN; WALASZCZYK,
p. 26, PL. 13, Fig. 8.

SPECIFIC NAME: The species was established
by myself (NoDA, 1992) under the original name
“Inoceramus (Platyceramus) troegeri”. But the
specific name was preoccupied by Mytiloides
striatoconcentricus troegeri KAUFFMAN, 1979,
Thus the specific name “troegeri NODA” is
invalid under the LC.Z.N. A new name ‘“‘fap-
puensis” is given for “troegeri” herein. [ would
offer an apology to Prof. Dr. K.-A. TROGER in
view of the need for this correction.

DERIVATIO NOMINIS: After the village of
Tappu, close to which the type of this species
was found.

HOLOTYPE: JG.H3023 (Pl. 11, Fig. 1), from
loc. Ob0003f (close to the village of Tappua),
lower part of Unit Ua2, basal part of the Upper
Yezo Group, Obira area.

MATERIAL: 38 specimens from the Obira area.

MEASUREMENTS: Measurements for selected
specimens are shown in Table 11. For details see
Noba (1992, pp. 1320-1321).

DIAGNOSIS: Shell medium to large, equivalve;
gently and uniformly inflated but moderately
convex near umbo with some variation, Umbo
small, terminal and slightly projected over hinge
line. Anterior part steeply inclined to plane of
commissure and posterior half gradually flat-
tened, passing transitionally into wing-like area.
Outline somewhat higher than long with consid-
erable variation. Surface ornamentation also
variable. Major commarginal ribs low, round-
topped and fairly irregular in width and intensi-
ty. minor; riblets superimposed on major ribs and
interspaces, irregular in shape and intensity.

REMARKS: The specimens from the type
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specimen h 1 b s H L ol v | 6| 1/n | b/n | Puegomm| L/H| s
JG.H3010LV 73,5 | 64,7 | 13,21 31.8] 82.6 | 65.1 88°1 142° 61°| 0.88 0.18 0.20 0.79 | 0.49
JG.H3010RV | 72.5| 64.5| 16.0| 31.6| 83.3 | 65.1 | 90° 143° 60°| 0.89 | 0.22 0.21 0.78 | 0.49
JG.H3122LV 88,0 82,7 ! 17.0| 42,0! 97.9 | 78.6 91°| 142°,61° 0.94 0.19 0.22 1 0.8010.51
JG.H3022RY | 82.0( 77,9 16.3| 40,5 94.0| 76.1 | 92°/143° 62°| 0.95 | 0.20 | 0,22 0.81 | 0.52
Jgé§22§g§V 103.7 | 93.0| 18.4  43.71118.7 ' 90,7 = 91° 139°/59°| 0,90 | 0.18 0.21 0.76 | 0.47
Jg5§g2§g§V 106.8 | 95.2| 17.9  44.7 118.8 | 92.0 | 90° 141° 61°] 0.89 | 0.17 0.22 0.77 | 0.47
JG.H3037LV | 71.4 | 62.4 | 20,0 | 29,0 | 78.5 | 59.4 | 98° 142° 60°  0.87 | 0.28 | 0.28 0.76 | 0.46
JG.H3037LV | 62.8 | 60,0 | 13.8| 29.0| 70.3 | 58.0 | 94°| 142°| 56°  0.96 | 0.22 0.23 0.83 | 0.48
N MGagoLy | 73:0| 64.0116.0 32.0| 79.0| 61.7 | 97°/135° 61°| 0.88 | 0.22 0.23 0.78 | 0.50
O egomy | 703 | 61.2]15.2] - | 79.3|61.0 | 96° - |61°| 0.73 | - - 0.731 -
IGPS22709LV{ 126.6 | 94,0 | 30,5 | 50.0(130.,0| 95.0 | 86° 145° 59°| 0.74 | 0.24 0.24 0.73 | 0.53
IGPS22709RV| 125.0 | 91.3 | - | - |131.0| 95.7 | 84° 145° 60°| 0,73 | - - 0.75| -

Table 11. Measurements of Inoceramus (Platyceramus) tappuensis nom. nov. from Hokkaido; linear dimensions in mm;
symbols as for Table 1 and Text-fig. 2; for details refer to Nopa (1992, pp. 1320-1321, Table 1)

locality are of mainly articulated valves and
well preserved without secondary deformation.
They are suitable for both biometric analysis as
well as for the usual study at population level.
The results of such examinations suggest that
the specimens are not identical with any other
hitherto described species (for details see
Noba, 1992).

PHYLOGENY: Certain specimens of this
species (e.g. JG.H3037 and 3065) show in the
juvenile stage /. (Inoceramus)-like characters,
such as a moderately inflated umbonal region
and projected umbo. These early ontogenetic
characters can be inferred to be relict adult
characters of ancestral species, and thus they
may imply a phylogenetic relationship
between [I. (Inoceramus) and I. (Platy-
ceramus). I. (Pl.) tappuensis is inferred to
have been derived from /. (I.) freshioensis near
the Turonian-Coniacian boundary and is the
first representative of the subgenus I. (Platy-
ceramus). Moreover, in both outline and sur-
face ornamentation JG.H3064a anticipates the
succeeding species I. (Pl.) mantelli, while
JG.H3011b anticipates I. (Pl.) szaszi. From
this viewpoint, I. (Pl.) tappuensis is very
important as a link between I. (Inoceramus)
and 1. (Platyceramus) and as a common ances-
tor of 1. (Platyceramus) spp. on and after the
Santonian.

OCCURRENCE: Type locality Ob0003. A large
cliff on the left side of the main course of the R.
Obirashibe about 450m upstream from the bridge
called Tengu-bashi in the village of Tappu, Obira
area, northwestern Hokkaido; Unit Ua2, lower part
of the Upper Yezo Group. The specimens were
obtained from two horizons within an interval of
about 60cm, the lower one of which lies about 2
m above the Turonian-Coniacian boundary.
Locs.0Ob0012 and Ob0020 along the R. Obirashibe,
now submerged beneath the artificial Lake
Obirashibe; Unit Ub of the Upper Yezo Group.

RANGE: Lower to lower Middle Coniacian.

Inoceramus (Platyceramus) szaszi
Nobpa & UcHIDA, 1995
Pl. 12, Figs la-c, 2a-c; P1. 13, Figs 1-2

1995. Inoceramus (Platyceramus) szaszi NobA &
UcHiDA, pp. 142-153, Figs 2-4.

HOLOTYPE: JGH2901 (Pl. 12, Fig. 2) from
loc.1k2709, Ponbetsu-Gono-sawa, cenftral
Hokkaido, Member IIlc’, Upper Yezo Group.

MATERIAL: Paratypes: JG.H2794, 2898, 2901,
2903 and 2909 from the type locality, JG.H3099
a,b and 3505 from loc.1k1623, Kumaoi-zawa,
Tkushunbetsu area, central Hokkaido. JG.H3079
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from loc.ObOOQO2, Obira area, northwestern
Hokkaido.

MEASUREMENTS: Measurements are shown in
Table 12.

REMARKS: For the specific characters refer to
Nopa & UcHipa (1995, pp. 146-148). The speci-
mens examined are mainly well preserved articu-
lated valves without secondary deformation but
for slight displacement along the plane of com-
missure. The specimens were originally referred
to I. (Pl.) mantelli DE MERCEY, but a population
sample from the type locality 1k2709 is clearly
discriminated morphologically from the other
samples by means of STUDENT’s f-test and other
biometric analyses. (NobA & UcHIDA 1995, p.
151, Tables 3,4).

This species differs from I. (Pl.) mantelli in
the considerably inflated umbonal region, com-
paratively steep posterodorsal slope, nearly
straight growth axis which symmetrically divides
the main part of the disc and fan-shaped general
outline, whereas I. (Pl.) mantelli has a less con-
vex umbonal part, gradually flattened pos-
terodorsal half, anteriorly concave growth axis
and a much higher outline.

This species resembles a certain form (e.g.
JG.H3011b) of the variable species I. (Pl.) tap-
puensis in its small convexity and weak orna-
ment, but the latter is more elongated along the
growth axis, by which the disc is divided asym-
metrically. Moreover, the morphological distinc-
tion is clear from the statistic examination at pop-
ulation level (Noba & Ucuma 1995, p. 151,
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Tables 3-4). In addition to the morphological
resemblance mentioned above, a specimen
JG.H3079 (Pl. 13, Figs 1-2) has been obtained
from loc.0Ob0002, from an horizon about 20
m higher than that of I. (Pl.) tappuensis. It is
a large shell with articulated valves and shows
typical shell shape and ornament. This occurrence
of 1. (Pl.) szaszi from a somewhat higher horizon
than I. (Pl.) tappuensis in the continuous succes-
sion in a limited area supports the inference of
a phyletic lineage from [. (Pl.) tappuensis to I.
(PL) szaszi (see Nopa & UcHIDA 1995, p. 152).
No successive species have been, however,
obtained from higher horizons. I. (Pl.) mantelli is
inferred to be an immediate descendant of 1. (P1.)
tappuensis and the wvarious species of [.
(Platyceramus) from subsequent stages may be
directly or indirectly derived from I. (Pl.) mantel-
li. 1. (Pl) szaszi may represent a side branch from
the main stem of the I. (Platyceramus) lineage.

OCCURRENCE:

I. The type locality 1k2709. Ponbetsu-Gono-
sawa, central Hokkaido; upper part of the
Member I11b’ of the Upper Yezo Group (for the
locality see MATSUMOTO & Noba 1985, fig. 1).

2. Locs. IkI623p and 1626p, upper reaches of the
Kumaoizawa, Ikushunbetsu area, central
Hokkaido, probably Unit Ilc of the Upper Yezo
Group (see Nopa & UcHIDA 1995, p. 152).

3. Loc. Ob0002 along the main course of the R.
Obirashibe, Obira area, northwestern Hokkaido;
Unit Ub-c of the Upper Yezo Group.

specimen h 1 b s H «f v | 6| 1/n|*M=60mm| o/n| L/H | sA
JG . H2794LY 66.0 | 61.3 | 17.4| = | 74.5| 62.0 | 101°| - | 67°| 0,93 | 0.98 0.26] 0.83 -
JG.H2794RV 62.2 | 57.4 | 14.9 | 32.0| 68.7| 59.8 | 101°| -  64°| 0.92 | 0.98 |0.24 | 0.87 | 0.56
JG.H2898LV 87.8| 82,0 20.6 | 39.1| 92.8] 83.0 | 99°!127°| 66° | 0.93 | 0.93 0.23| 0.89 | 0.48
JG.H2898RV 95.2 1 89.6 | 22.0 | 42.6|110.8| 87.0 | 98° 127° 65°  0.94 | 0.97  0.2% ] 0.86 | 0.48
Jﬁé‘fii%‘év | 2044 92,0 22,0 - 112.1| 97.9 | 98° 128°| 65° o0.88 | o0.87 |0.21|0.87 -
Jﬁéggfgéﬁv | 91.5| 84.2| 21.4 | 42.1(102.1} 89.3 | 96° 131°| 63°| 0.92 0.94 |0.23 | 0.87 | 0.50
JG.H2903LY 64.8 | 60.6 | 15.0| 33.2| 71.8| 61.5| 99°131°| 64° 0.94 | 0.96 G.23 0.86 | 0.55
JG.H2909LV | 51.8 | 47.0 12.1 23.8| 53.6! 47.0  103° 132°| 64°| 0,91 - 0.23] 0.88 | 0,51
JG.H3079LV | 145.2 135.0] 31.0 | 57.2 153.6|136.5 | 112°| 160°| 67°| 0,93 | 0,99 |0.21] 0.89 | 0.42
JG.H3O7ORV | 125.3| - |27.6 53.8[138.7| - 1129 - | 67°| - - o2 - o -

Table 12. Measurements of fnoceramus (Platyceramus) szaszi Nopa & UcHIDA from Hokkaido; linear dimensions in mm;

symbols as for Table 1 and Text-fig. 2
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RANGE: Upper part of the Middle Coniacian,
upper part of the Zone of 1. (I.) uwajimensis.

Subgenus Volviceramus SToLICZKA, 1871

TYPE SPECIES: [Inoceramus involutus
SOWERBY, 1828, designated by Storiczka (1871,
p. 394).

DIAGNOSIS: See StoLiczka (1871), MEEK
(1877) and Cox (1969).

REMARKS: See Nopa (1996, pp. 564, 566).

Inoceramus (Volviceramus) koeneni
MULLER, 1887
Pl. 13, Fig. 3a-c

1887. Inoceramus (Volviceramus) koeneni MULLER,
pp. 412-413,PL. 17, Fig. 1.

pars 1912a. Inoceramus lamarcki PARKINSON; WOODS,
Pl1. 52, Figs 4, 6.

1912b. Inoceramus connecting Inoceramus lamarcki
PARKINSON with Inoceramus involutus SOWERBY;
Woops, p. 9, Text-figs 42-43.

1934. Cymatoceramus (Cymatoceramus) cf. koeneni
(MULLER); HEINZ, pp. 253-254, P1. 19, Fig. 3.

1969. Inoceramus koeneni MULLER, TROGER, pp. 67-
87, Pls 1-2.

1977. Inoceramus (Cremnoceramus) koeneni MULLER;
HATTIN & CoBBAN, pp. 191- 192, Fig. 9-3.

1978. Volviceramus koeneni (MULLER); KAUFFMAN, P.
X1I1.2, list.

1996. Inoceramus (Volviceramus) koeneni MULLER;
Nopa, pp. 566-570, Fig. 10a-d (cum synonymy).

LECTOTYPE: The specimen figured by MULLER
(1887, P1. 17, Fig. 1) was designated by TROGER
(1969, p. 70).

MATERIAL: A single specimen JG.H3019 from

loc. Ob0013 in the Obira area, northwestern
Hokkaido.

MEASUREMENTS: Measurements are shown in
Table 13.

DESCRIPTION: The specimen JG.H3019 (P1.
13, Fig. 3) comprises a well preserved left valve
without secondary deformation and a fragment
of the right valve, in a single nodule, and proba-
bly belonging to the same individual. The left
valve has a strongly incurved umbo, consider-
ably inflated shell with three radial elevations
and a spirally twisted growth axis; the anterior
face is sharply bent from the disc and is deeply
concave to the plane of commissure. The shell is
highly inequivalve, with a less convex right
valve. These are the characters of I. (Volvi-
ceramus), except for the development of three
radial elevations. The radial median and posteri-
or elevations, in particular, and the shallow
intervening depression, are similar to those fig-
ured by TROGER (1969, p. 72, fig. 4), while the
sharply concave anterior face closely resembles
that of the specimen figured by TROGER (1969,
Pl. 2, Fig. 5). Moreover, the ontogenetic change
of shell convexity of JG.H3019 (Nopa, 1996, p.
569, fig. 13) agrees well with those of the type 1
of TROGER (1969, p. 72, fig. 3). From the above
comparison, this specimen is undoubtedly
referred to 1. (V.) koeneni, regardless of a some-
what smaller convexity than in the German spec-
imens.

The development of three radial elevations
in the specimen is a character that is also found
in I. (Cordiceramus). As mentioned previously
(Noba (1996, p. 596), I. (V.) koeneni and 1.
(Co.) kawashitai are probably derived from the
common ancestor, /. (Cr.) ernsti. The essential
distinction is that the subgenus Volviceramus
becomes highly inequivalve with time whereas
the subgenus Cordiceramus is nearly equiv-
alve.

specimen h 1 b s H L a I [ 6H=6Omm
JG.H3019LV 130.3 127.7 60,0 46,0 135,6 93,6 152°| 121°| 108° 96°
specimen 1/h V% 6omm | b/n | °/Py=6omm | L/H | s/1
JG.H3019LV 0.98 0.97 0.46 0.37 0.69 0.34

Table 13. Measurements of Inoceramus (Volviceramus) koeneni MULLER from Hokkaido; linear dimensions in mm;

symbols as for Table 1 and Text-tig. 2
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OCCURRENCE: Loc.Ob0013, Obira area,
northwestern Hokkaido; Unit Ub of the Upper
Yezo Group, now submerged under the artificial
Lake Obirashibe.

RANGE: Upper part of the Lower and/or lower
Middle Coniacian. Stratigraphical range uncer-
tain.

Genus Mytiloides BRONGNIART, 1822

TYPE SPECIES: Ostracites labiatus SCHLOTHEIM,
1813, was originally designated by BRONGNIART
(1822).

DIAGNOSIS: Shell medium sized, equivalve,
inequilateral, moderately to gently convex. Umbo
terminal and slightly projected over hinge line,
obliquely elongate, oval or fairly broad. Hinge
line short, wing-like area narrow. Concentric ribs
and minor rings variably developed.

REMARKS: Mytiloides was originally erected
by BRONGNIART (1822) as a full genus.
Subsequently Cox (1969) regarded the taxon as
a subgenus of Inoceramus without any comment.
KaurrmaN & PowgLL (1977, pp. 71-78) ranked
Mytiloides as a full genus, by reason of having no
pedalbyssal muscle scars or byssal notch
(KAUFFMAN 1969a, b; KIRKLAND 1996). These
characters are not found in the genus Inoceramus
and they collectinely form an essential criterion
in separating the taxon Mytiloides from
Inoceramus as an independent genus.

Mytiloides incertus (JIMBO, 1894)
Pl. 14, Figs 1a-d, 2, 5a-d; P1. 15, Figs 1-5

1894. Inoceramus incertus JIMBO, p. 189, Pl. 24(8),
Fig. 7.

1940. Inoceramus incertus JIMBO; NAGAO & MATSUMOTO,
pp- 10-13, PL. 3, Figs 1-3, 5; PI. 10, Fig. 2.

non 1940. Inoceramus incertus var. yubariensis NAGAO &
MatsuMoTo, pp. 11-12, PL. 6, Fig. 1 [=lnoceramus
(Platyceramus) mantelli DE’MERCEY . See Nopa &
TosHMITSU 1990]

1959. Inoceramus incertus JIMBO; MATSUMOTO, p. 85.

1963. Inoceramus incertus JIMBO; MATSUMOTO, part
10, p. 45, Pl. 67, Fig. 7.

1967. Inoceramus fiegei fiegei TROGER, pp. 105 and
108, PI. 11, Fig. 3; P1. 13, Figs 14-15, 17, 20.

1976. Inoceramus incertus JIMBO; Noba &
MATSUMOTO, No. 45-270, Fig. 7.

1977. Mytiloides incertus (JiMBO); KAUFFMAN, p. 179.

1978. Mytiloides fiegei fiegei (TROGER); KAUFFMAN, p.
9, Pl. 15, Fig. 1; Pl. 16, Fig. 4.

1983. Mpytiloides incertus (JIMBO); MATSUMOTO &
Nobpa, p. 111, Figs 2-4.

1984. Mytiloides incertus (JIMBO); NODA, pp. 458-469,
Pl. 84, Figs 1-10; P1. 85, Figs 1-2; P1. 86, Figs 1-8.

1992. Mytiloides incertus (JIMBO); WALASZCZYK, pp.
22-23,Pl1. 12, Figs 11-12.

LECTOTYPE: UMUT.MM?7535 (Pl. 15, Fig. 1),
one of the original syntypes, designated subse-
quently by MaTsUMOTO & Noba (1983, p. 111).
The syntypes are contained in a nodule, which
may be fallen or transported on the bed of the R.
Ponbetsu, hence the precise stratum is unknown.

MATERIAL: UMUT.MM7535 (=MM7481 =
TK.I-151), including four specimens: the lectotype
7535-3, two paralectotypes 7535-1, 7535-2 and one
other specimen; GK.H10041, 10048, 10056,
10061-64, 10066-68, 10087 (PI. 15, Fig. 5), 10108,
10109 (Pl. 15, Fig. 4), 10111-10129, GMH
(=HK)7242,7246,JG.H2128, 2850-1, 2852 (P1. 14,
Fig. 4), 2853-4, 2855 (Pl. 14, Fig. 2), 3461
(=TTCO0001) (P1. 14, Fig. 1) and 3462 (=TTC0002).

MEASUREMENTS: Measurements are shown in
Table 14.

REMARKS: The present species shows a large
extent of variation in shell shape and some varia-
tion in surface ornamentation as illustrated in
Text-fig. 5.

The syntypes are three poorly preserved spec-
imens from a single nodule and the restoration of
M. incertus based on them by JimMBO (1894, P1. 8,
Fig. 7; Noda 1984, p. 463, Text-fig. 8) was inad-
equate, because no actual specimens of this
species agree with JIMBO’s illustration, in spite of
the high variability ofthe species. A revised diag-
nosis of M. incertus was given by MATSUMOTO &
Nobpa (1983, p. 111).

Nopa (1984) examined biometrically three
population samples from k2011, 2013 and 2014,
one of which localities is presumed to be the
source of JIMBO’s material. NoDA evaluated the
significance of differences amongst the samples
by means of STUDENT’s z-test. The results are not
significant in all characters exemined i.e., o, v, §,
I/h, L/H, and s/l, between samples 1k2011 and
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specimen h 1 b s H L « ! & | 1/n| YPuciomm| L/H | b/h| s/1
GK.H10087| 70.2 85.0 - - | 94,5] 75.1 | 108°| 55° 1.21 1.04 0.79 - -

GK,H10093| 32.5 37,0 | 23.9| 20,7 | 39.2 | 33.9 | 122°| 60°| L.14 - 0.86 | 0.60 | 0.56
GK.H10094| 28.9 ! 4.9 20,0 - | 37,0 33.6|113° 43° 1,21 - 0.91 - -

GK.H10117} 61.6 | 69,1 - | 28.6169.2 67,7|119° 59°| 1.12 1.03 0.97 - 10.41
GK.H10L18| 54,4 | 52.5| 26.4 | 28,5 58.0] 50,7 | 119°| 55°! 0,97 1.09 0.87 | 0.49 | 0.54
GK.H10121} 78.0| 73.9| 31l.4 - 94,1 | 64.8 | 115°| 57° 0.95 0.95 0.69 0,40 -

GK.H10127| 40.0 | 38.3 23.0 | 17.4 41.5 38.0 ) 108°| 57° 0.96 0.96 0.92 | 0.58 | 0.45
JG.H2850 | 57.8 | 49.3 - 129.0] 64.4 | 52.6 ! 116°; 53°: 0.85 0.91 0.82 - l0.59
JG.H2851 | 64,0 60.0 | 26,8 - | 73.3| 52.0 112°§ 55°1 0.94 1.00 0.71 | 0.42 -

JG.H2852 | 55.4 | 47.7 1 29.8| 27.6 63.0 | 50.6 | 105°| 55°!| 0.86 0.93 ' 0.80 | 0.54 | 0.58
JG.H2853 54,0 58.9 - | 27.0| 66,01 53,0 | 116°! 47°| 1.09 1.08 0.80 - | 0.46
JG.H2854 ' 54,01 55.5 24,6 27.4| 61.5 | 49,3 | 116° 46°| 1.03 1.12 0.80 | 0.46 | 0.49
TTC.0001 | 63.6 | 61.9 31.81| 25.0 74,1 | 58.6 | 106°| 54°| 0,97 0.98 0.79 | 0.50 | 0.40
TTC.0002 | 65.1 | 65.5 | 30.0 | 30.9i 69.0 | 67.0 | 119°i 52°] 1.01 1.13 0.97 | 0.46 | 0,47

Table 14. Measurements of Mytiloides incertus (JiMo) from Hokkaido; linear dimensions in mm; symbols as for Table 1 and Text-fig. 2

2013, and significant in some characters between
1k2011 vs. 2014 and also Ik 2013 vs. 2014 (for
details see Nopa 1984, pp. 460-461).
Consequently the samples 1k2011 and 2013 were
combined statistically as a single population from
the presumed type locality. The sample 1k2014
includes some specimens with extremely elongate
outline, which is an atypical form statistically and
should be omitted from this population.

M. incertus closely resembles M. fiegei fiegei
(TROGER, 1967). The result of STUDENT’s f-test is
not significantly different in any characters
exemined. The two taxa, therefore, are not dis-
criminated morphologically on the basis of statis-
tics and are synonymised.

PHYLOGENY: M. incertus has generally a rela-
tively long outline with little obliquity and gentle
convexity. M. subhercynicus (SEITZ, 1934), from
the upper-lower Turonian of Hokkaido, M. her-
cynicus (PETRASCHECK, 1903), from probably the
uppermost Lower Turonian of Hokkaido, and M.
teraokai (MATSUMOTO & NoDA, 1968) from the
Middle Turonian of Kyushu are also relatively
broad forms with gently convex shells (see
MaTsumMoTO & NISHIDA 1995 and MATSUMOTO
1995 for the stratigraphical occurrences of
Mytiloides species from Hokkaido).

KaurrmaN (1977a, b) stated that M. subhercyni-
cus, M. hercynicus and M. “latus”, which occur with-

in the Middle Turonian of the Western Interior USA
and England, closely resemble M. teraokai.
MaTtsumMoTOo & NisHDA (1995, p. 6) have noted the
affinities between M. feraokai and M. opalensis
(BosE), the latter of which has been reported from the
Middle Turonian Zone of Collignoniceras woollgari
in N. America. Although there may be some time gap
between Euramerica and Japan, M. incertus may be
a descendant of one of the above Middle Turonian
species with relatively broad outline.

OCCURRENCE:

1. Type area. Locs. k2011, 2012, 2013 and 2014
along the main stream of the R. Ponbetsu,
Ponbetsu area, central Hokkaido, some of them
may be the inferred type locality. Member I1la’ of
the Upper Yezo Group. For the associated fauna
see the stratigraphical part.

2. Obira area, northwestern Hokkaido; Unit Mn-
o of the Middle Yezo Group.

RANGE: Upper Turonian.
Mytiloides mytiloidiformis (TROGER, 1967)
P1. 15, Figs 6, 7a-c

pars 1930. [noceramus inconstans inconstans em.
FiEGE; FIEGE, p. 38, Pl. 6, Fig. 19.
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Fig. 5. Variation of shell form in Mytiloides incertus (IMBO) (after Nopa 1984)

1940. Inoceramus incertus JIMBO; NaGao &
MaTsuMoTo, pp. 10, 13, PL. 3, Fig. 4.

1967. Inoceramus fiegei mytiloidiformis TROGER, pp.
108-110, P1. 11, Fig. 4; P1. 13, Figs 16, 18.

1983. Mytiloides sp. aff. M. mytiloidiformis (TROGER);
MATSUMOTO & NoDA, p. 112, Fig. 5.

1984. Mytiloides sp. aff. M. mytiloidiformis (TROGER);
Nobpa, pp. 467-469, P1. 86, Fig. 9.

1995. Mytiloides aff. mytiloidiformis (TROGER);
MATSUMOTO & NISHIDA, p. 61.

1996. Mytiloides fiegei mytiloidiformis (TROGER);
KAUFEMAN & al., p. 83.

HOLOTYPE: The original specimen illustrated
by FIEGE (1930, Pl. 6, Fig. 19), and reillustrated
by TROGER (1967, P1. 11, Fig. 4) from the Upper
Turonian of Lengerich, Germany.

MTERIAL: GK.H10130 and IGPS22738 from
the Ponbetsu area and JG.H3505 from loc.
Ik1712, from the Ikushunbetsu area. A replica of
the holotype, kindly supplied by Prof. Dr. K.-A.
TROGER.

MEASUREMENTS: Measurements are shown in
Table 15.

DIAGNOSIS: Shell elongated along growth axis
with considerable obliquity, moderately convex
from anterior to posterior and uniformly so along
growth axis; wing-like area clearly demarcated.
Surface ornamented with concentric ribs and
rings in combination, of which former are low,
round- or sharp-topped and regular in breadth
and intensity and latter are sharp-topped, crowd-
ed and continue to wing-like area.

REMARKS: The morphological characters men-
tioned above (for details refer to Nopa 1984, pp.
467-469) are consistent with those of the holo-
type of M. mytiloidiformis (TROGER, 1967).

M. mytiloidiformis was originally erected as
a subspecies of /. (s.l.) fiegei TROGER, 1967 (= M.
incertus), by TROGER. During the course of study of
populations of M. incertus it was noticed that the
extremely elongate form, GK.H10130 (P1. 15, Fig.
6) exhibited a h/l ratio that lay outside the possible
range (m + 3s) of the M. incertus population. This
specimen, therefore, has to be excluded from that
sample. Specimen GK.H10130 is contained in
a nodule together with typical specimens of M.
incertus. The co-occurrence of two subspecies is
unreasonable from a biological viewpoint. M. fiegei
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specimen h 1 b 5 H L a B v 5 1/h b/h L/H s5/1
holotype | 54.0| 47.0 | 13.8|17.8 | 64.0 ] 36.0] 97° - | 150° 50%7070.87 | 0.26 | 0.54 | 0.36
GK.H10130} 61.4 | 44,9 - | 12.7 | 68.01! 34,0 110° - 160° 60° |0.73 - 0.50+| 0.28
JG.H3505 | 55.8 | 54.8|15.1]27.4 | 72.8 | 61.7| 97° - | 149° 4725790,98 | 0.27 | 0.57 | 0.50

Table 15. Measurements of Mytiloides mytiloidiformis (TROGER) from Hokkaido; linear dimensions in mm; symbols as for Table 1

and Text-fig. 2

mytiloidiformis, therefore, should be accorded full
specific status as M. mytiloidiformis (TROGER).
Phylogenetic remarks see NoDA 1984, p. 469.

OCCURRENCE:

1. Loc. 1k2014, Ponbetsu area, central Hokkaido;
lower part of the Member Illa’ ofthe Upper Yezo
Group.

2. Loc. 1k1712, upper reaches of the R.
Ikushunbetsu, central Hokkaido; lower part of
the unit ITla of the Upper Yezo Group, associat-
ed with . (I.) teshioensis.

RANGE: Upper, but not uppermost, Turonian.
The true range of this species should become
clear with further field surveys in various areas.

Mytiloides sublabiatus (MULLER, 18%7)
Pl. 15, Figs 8-9

1841. Inoceramus mytiloides ROEMER, p. 60, Pl. 7, Fig.
5 (non Inoceramus mytiloides MANTELL, 1822).

1887. Inoceramus sublabiatus MULLER, p. 411, P1. 16,
Fig. 2.

1929. Inoceramus sublabiatus MULLER; HEINE, pp. 57-
59, PL. 5, Fig. 27, PL. 6, Fig. 29.

1979. Mytiloides sublabiatus (HEINE); KAUFFMAN (in
HerMm & al., p. 67).

HOLOTYPE: By monotypy the holotype is the
specimen figured by MULLER (1887, Pl. 16, Fig. 2).

MATERIAL: JG.H3517a, b, and 3518 from the

Specimens JG.H3617a and 3618 are both inter-
nal moulds of right valves, showing a marginal
outline. The prismatic layer remains on the
umbonal and ventral regions of JG.H3517a and
also on the posterior part of JG. H3518.
JG.H3517b is an imperfect left valve. The nodule
yields moreover, many shell fragments.

MEASUREMENTS: Measurements are shown in
Table 16.

DESCRIPTION: Shell small, probably equiv-
alve, inequilateral, gently and uniformly convex
from anterior to posterior and also along growth
axis. Anterodorsal part flattened, passing into
narrow wing-like area without sharp boundary.
Umbo small, terminal and scarcely projecting
over hinge line. Anterodorsal to anterior mar-
gins long and stright, ventral one narrowly arcu-
ate, postero- to posterodorsal ones broadly con-
vex, forming an obtuse angle with hinge line
about 132°. Hinge line short, slightly longer
than one third of shell length. Qutline consider-
ably elongated along growth axis, which is
straight and fairly oblique, § 61° to 69°.

Surface ornamented with concentric ribs and
concentric rings in combination. Concentric ribs
low, round-topped, fairly crowded and gradually
broadened with growth, concentric rings super-
imposed on ribs and interspaces.

REMARKS: The available specimens resemble
M. labiatus and M. submytiloides in elongate
outline, shell convexity and surface ornamenta-

Ponbetsu-Gono-sawa, central Hokkaido. tion, but are discriminated morphologically
specimen h 1 b s H L o ¥ ) 1/h b/h L/H s/1
JG.H3517a | 43.4]| 28.3 - | 10.4 | 46.0| 27.8 | 92° 132° 68°| 0.63 0.59 | 0.36
JG,H3518 38.01 27.7 | - Q.4 | 42,1 22,7 90°l 132°J 61°: 0.73 - 0.54 0.34

Table 16. Measurements of Mytiloides sublabiatus (MULLER) from Hokkaido; linear dimensions in mm; symbols as for Table 1 and
Text-fig. 2
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from the above species by the less prominent
umbo, the long and straight anterodorsal margin
and the lesser obliquity. Moreover, they are dis-
tinct in stratigraphical position occurring in the
Lower Coniacian, Zone of I. (Cr.) rotundatus.
The specimens also resemble M. mytiloidi-
formis, from the Upper Turonian, in the elon-
gate outline and less prominent umbo, but differ
in the straight anterodorsal margin and lesser
obliquity. From the also similar M. labiatoidi-
formis (TROGER, 1967), from the Upper
Turonian, they differ in the straight anterodorsal
margin, narrower elongate outline and lesser
obliquity.

The variation of M. sublabiatus was not clear in
the original description by MULLER (1887) because
of insufficient material. The material of this species
illustrated by HEINE (1929) is heterogenous; the
specimens figured by him in figs 28 and 29 should
be exluded from the synonymy of MULLER’s species.
T agree with KAUFFMAN (in HERM & al. 1979, p. 67)
in his remarks on this species.

The two specimens available are closest to the
specimen figured by HEINE (1929, P1. 5, Fig. 27).
If the extent of variation of the species is clarified
by population samples in the future, some allied
species may be united into M. sublabiatus as
junior synonyms.

PHYLOGENY: The specimens of M. sublabia-
tfus and allied species do not occur in a continu-
ous sequence of strata along a particular route in
Hokkaido. However, M. sublabiatus is probably
a descendant from the elongate forms of
Mpytiloides in the Upper Turonian, such as M.
mytiloidiformis and/or M. labiatoidiformis,
because M. mytiloidiformis occurs in the Upper
Turonian of the Ponbetsu and Ikushunbetsu
areas, which are not widely separated from the
locality of M. sublabiatus at Ponbetsu-Gono-
sawa. M. mytiloidiformis and M. labiatoidi-
formis may have descended indirectly from M.
mytiloides of the Lower Turonian, although there
is an interval without data in the Middle
Turonian.

OCCURRENCE: Loc. Ik2799, upper reaches of
the Ponbetsu-Gono-sawa, central Hokkaido (for
location see Noda & Uchida 1995, p. 143, Fig.
1). Member I1Ib’ of the Upper Yezo Group, asso-
ciated with 1. (Cr.) rotfundatus.

RANGE: Lower part of the Lower Coniacian.

Part 2. Stratigraphic Succession

by MASAYUKI NODA & TATSURO MATSUMOTO

INTRODUCTION

Upper Cretaceous marine sediments are dis-
tributed fairly extensively in Japan and adjacent
areas. For some reason, however, the inoce-
ramid biostratigraphy of the Turonian -
Coniacian interval has been studied in only
a relatively few areas. They are, as indicated in
Text-fig. 1, (1) the Obirashibe Valley (simply
called the Obira or Tappu area), northwestern
Hokkaido, (2a-c) the Ikushunbetsu Valley
(recently called the Mikasa district), central
Hokkaido, including three localities, as
explained later, (3) Kajisako in Shikoku and (4)
the Onogawa Basin, eastern Kyushu. Other
areas, such as, (5) Oyubari, (6) Hobetsu, (7)
Futaba and (8) Uwajima are too poorly known
for the purpose of the present study and are only
briefly mentioned in connection with the main
description.The descriptions of stratigraphic
successions in this paper derive mainly from
a number of published papers (listed below),
supplemented by some new observations. The
sites of the.numbered localities of inoceramid
species were mostly indicated in the maps and
stratigraphic sections of the previous papers.
Some of them, especially the graphic sections
and sketches of important outcrops, are repro-
duced in this paper, with necessary amend-
ments.

Among the fossils associated with the inoce-
ramids, certain species of ammonites are useful
for international correlation and are, therefore,
mentioned in the description of the stratigraphi-
cal successions. Their taxonomic names relate to
those used in the cited papers and are not neces-
sarily altered, even where they need to be updat-
ed and/or revised in the light of subsequent
knowledge.

Before going further, a comment should be
made regarding the substages used here. The
substage boundaries of the Turonian and the
Coniacian are not formally defined internation-
ally, although some proposals were made at the
Brussels 1995 Conference on Cretaceous stage
boundaries (c¢f. BENGTSON 1996, KAUFFMAN &
al. 1996). The substages used in both parts of
this paper are taken from the scheme of
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TosHIMITSU & al. (1996). They must be regard-
ed as only approximate equivalents of sub-
stages used elsewhere and are used in Japan on
a provisional basis.

SELECTED SECTIONS IN HOKKAIDO
Obirashibe valley

The Cretaceous stratigraphy of the Obirashibe
valley (simply called the Obira area or Tappu
area, by some authors) was previously described
by TsusHiMa &. al. (1958), TANAKA (1963),
TaNABE & al. (1977), SEKINE & al. (1985),
MAEDA (1987) and AsaAl & HirRaNO (1990). The
lithostratigraphical subdivisions defined by
TANAKA (1963) have been used by subsequent
authors, sometimes with slight modification. For
instance, Unit Mj and Mk are hardly distinguish-
able in some parts and, in such cases, Mj-k is
used as a single composite unit. The unit Mn-
o may be used in a likewise manner, where
appropriate.

Subsequent to the above works, one of us
(MN), sometimes together with TM, investigated
the succession along two selected parts of the
main course of the river Obirashibe. One of them
is near the Obira dam in the middle course.
Before construction of the dam, the strata belong-

ing to Units Ml and Mm-o, the upper part of the
Middle Yezo Group, and Units Ua, Ub and Uc,
the lower part of the Upper Yezo Group, were
well exposed there. In 1988, during cutting and
dredging in connection with dam construction,
various species of inoceramids were found to
occur in abundance in strata ranging from the
upper part of Unit Mn-o to Unit Uc. Since 1991
this important T/C boundary section has been
mostly submerged under the artificial lake. The
other section is somewhat downstream from the
Obira Dam. It is located on the curved part of the
R. Obirashibe, about 450m upstream from the
Tengu-bashi bridge. The outcrop is shown in
a sketch (Text-fig. 6). Units Ua to Ud can be
observed here. The results of previous and subse-
quent work are summarized in a graphic section
(Text-fig. 7), together with data on stratigraphic
occurrences of inoceramid species.

The lower part of Mj-k contains Mytiloides
mytiloides (MANTELL) and Inoceramus (I.) aff.
tuberosus KELLER (see MATSUMOTO 1996) which
indicate the lower part of theTuronian. [. (I.)
hobetsensis NAGAO & MATSUMOTO, a zonal index
of the middle part of the Turonian, appears in the
upper part of Unit Mj-k and ranges to Mn. Huge
individuals of this species (H>40 cm) occur com-
monly in Mm-n and Mn-o, where [. (I.) iburiensis
and I. (Cremnoceramus) ernsti coexist.
Subprionocyclus cf. neptuni (GEINITZ), an index

Sy W
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. taffaceous 55y
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Ob0003

Fig. 6. Sketch of the outcrops Ob0001-0004 on the left side of the R. Obirashibe (adapted from Noda 1992, p. 1325, Fig. 10); It - .
(Cr.) lueckendorfensis, Ir — 1. (Cr.) rotundatus, Ite — [. (1.) teshioensis, Ita — 1. (Pl.) tappuensis, Itn — I. (1) tenuistriatus, Is — L.

(P1) szaszi, Yu — I. (1) uwajimensis, Mi — Mytiloides incertus
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of the Upper Turonian, enters at loc.R2114. where
I (1) iburiensis first appears. The uppermost hori-
zon with I. (I.) iburiensis is loc. Ob0004g of Unit
Ual, which contains I. (I.) teshioensis and S. nep-
tuni at somewhat different levels. Mytiloides
incertus ranges from NH84 and NH85 of Unit Mo
to Ob0004 of Unit Ual, and is associated with I
(1) tenuistriatus at Ob0004, which must be upper-
most Turonian.The lower part of loc.Ob0003

MASAYUKI NODA & TATSURO MATSUMOTO

(Ua2) yields I. (Cr.) rotundatus, the widespread
Lower Coniacian index. Various species of inoce-
ramids, namely [. (Platyceramus) tappuensis, 1.
(Cremnoceramus) lueckendorfensis and I. (1)
pedalionoides occur in the 0b0003 section. Unit
Ub contains 1. (Cr.) ernsti, I. (Pl.) tappuensis, I.
(1.) pedalionoides, 1. (Cremnoceramus) deformis
and 1. (Volviceramus) koeneni. 1. (V.) koeneni
seems to appear earlier here than in Europe and N.
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Fig. 7. Stratigraphical section of the Turonian/Coniacian boundary succession along the R. Obirashibe, Hokkaido, showing occurren-

ces of inoceramid species

I — shale, 2 — siltstone, 3 — sandstone, 4 — alternation of mudstone and sandstone, 5 — sandstone predominant, 6 — mudstone predomi-

nant, 7 — conglomerate, 8 — tuff or tuffaceous rick
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America. MaTsuMoTo & al. (1981) obtained
Barroisiceras (B.) onilahyensis BASSE from
loc.R2638J along the R. Obirashibe in a unit
which is assigned to the upper part of Unit Ub or
to the lower part of Unit Uc. The strata of
10c.0bOOO2b shown in Text-fig. 6 are probably
correlated with that part, because B. (B.) oni-
lahyensis is a characteristic species of the Middle
Coniacian in Madagascar. I. (Platyceramus) sza-
szi is first found at loc. ObOOO2¢ in Unit Uc-d.
Here again, Units Uc and Ud are hardly separable
lithologically. The species I. (Cr.) deformis,
important form for inter-regional correlation,
was recently reported from the Obirashibe sec-
tion (Nopa 1996). KENNEDY & CoBBAN (1991)
regarded 1. (Cr.) deformis as a zonal index of the
lower Middle Coniacian in the Western Interior.
KAUFFMAN & al. (1996, p. 84) pointed out that
L(Cr.) deformis occurs in the Lower Coniacian
but above the horizon of the first occurrence of 1.
(Cr.) rotundatus. The stratigraphical range of I
(Cr.) deformis in the Obira area is limited to the
lower part of Unit Ub, but it is difficuit to ascribe
that part (i.e. lower Ub) to either the Lower or
Middle Coniacian substages, because no index
ammonites, such as Forresteria (Harleites) petro-
coriensis (COQUAND) have been found there.

ikushunbetsu valley

The Ikushunbetsu valley (recently called the
Mikasa district) is noteworthy for good exposures
of the Cretaceous and overlying Lower Tertiary
strata, which have been studied by a number of
investigators. The main part of this Cretaceous area
was shown in a geological map and section by
MatsumMoro & al. (1978, Figs 6-7). There is
a major anticline and accompanying thrust trend-
ing NE-SW. The best outcrop was on the eastern
flank of the anticline, along the main course of the
R. Ikushunbetsu, before the construction of the
Katsurazawa Dam. This section is numbered here
as 2a.

The Cretaceous strata in the Ikushunbetsu val-
ley, as in other adjacent areas of the Yubari
Mountains, central Hokkaido, are characterised
by lateral facies changes. Near-shore facies occur
in the west and offshore facies occur in the east.
The section of the main course of the R.
Ikushunbetsu, described below under 2a, repre-
sents sediments of moderate water depths,
whereas section 2b, along the lower course of the

R. Ponbetsu, and section 2¢ of the Ponbetsu-
Gono-sawa, are of near-shore facies. The section
in the upper reaches of the R. Ikushunbetsu,
described under 2a, shows rather an offshore
facies.

The stratigraphical succession of the sections
2a, 2b and 2c are described below separately.

Muain course of the river lTkushunbetsu

The Upper Albian through Santonian succes-
sion was formerly very well exposed along the
main course of the R. Ikushunbetsu before the
construction of the Katsurazawa Dam on Upper
Turonian strata. At present the younger strata
above the dam are submerged under the artificial
Lake Katsurazawa. The Cretaceous biostratigra-
phy of this area, investigated before the construc-
tion of the dam, was described by MATSUMOTO
(1954, 1965, 1984) and MATsumMoTo & al.
(1978). These papers, as well as the results of
recent work (UcHIDA & NODA, in press), are
summarised here, with some supplementary com-
ments where necessary. Owing to the meandering
of the river and horizontal displacements by
wrench faults, the fossiliferous strata are repeat-
ed along the river. Text-fig. 8§ shows the gener-
alised stratigraphic succession of this area,
together with data on ranges and occurrences of
inoceramids after MAaTsuMoTO (1965, 1984). 1.
(1) hobetsensis occurs abundantly in the upper
part of the “middle Turonian” in various areas of
Japan. In the Ikushunbetsu route it ranges
upwards to loc.1k977. During recent fieldwork
along the nearby forestry 1. (1.) hobetsensis was
collected in association with 1. (I.) teshioensis
and Mytiloides mytiloidiformis at loc.1k1705
(UcHDA & Noba, in press). The co-occurrence
of the first two species is taken here as the mark-
er of the base of the Upper Turonian.

1. (1.) teshioensis characterizes the upper part
of the Turonian in Hokkaido and other areas of
Japan. In the Ponbetsu section (see below) it is
accompanied by Mytiloides incertus and M.
mytiloidiformis. The latter form was described
from the Upper Turonian of Germany (TROGER
1967, with revision of chronostratigraphical
assignement by SEIBERTZ 1979), and recently was
also reported from the uppermost Turonian to
lowermost Coniacian of the US Western Interior
(KaurrmMaN & al. 1996). In Hokkaido M.
mytiloidiformis seems to range more down with-
in the Turonian than in the cited Euramerican
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records. Here again, the range of 1. (1.) hobetsen-
sis extends upwards to the Upper Turonian, as in
the Hobetsu area. The first green sandstone (GSI)
at loc.1k971 contains 1. (I.) teshioensis together
with Subprionocyclus normalis and Reesidites
minimus. Loc.1k938, stratigraphically somewhat
above loc. Ik971, contains the same three species
and also Ryuella ryu (MATSUMOTO &
MURAMOTO). (see KLINGER & KENNEDY 1997)
The last occurrence of I. (I) teshioensis is at
loc.1k937b, where the top of the Turonian can be
placed. At loc.Ik966d, immediately above

loc.Tk937b, the second green sandstone (GS2)
crops out. No inoceramid species has been found
in this sandstone. However, Baculites yokoyamai
TOKUNAGA & SHIMIZU occurs abundantly in this
bed and ranges upwards to loc. 1k964a. This
ammonite is associated with Inoceramus (I.) uwa-
Jjimensis in various other localities in Hokkaido,
as well as at its type locality Futaba (no. 7 in Text-
fig. 1), whereas B. undulatus D’ORBIGNY occurs in
the upper Turonian (e.g. loc.1k1181) in the first
green sandstone (GSI) together with [. (1) tesh-
ioensis and Subprionocyclus normalis (see
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MatsuMoTo & OBATA, 1963), as well as in the
upper Turonian of France (see RoMAN &
MAZERAN 1913). Also, in New Mexico, COBBAN
(1986) reported B. yokoyamai from the Coniacian
and B. undulatus from the Turonian, although B.
yokoyamai is said to range downwards to the
Turonian in other areas of the N. American
Western Interior. Thus, the second green sand-
stone, GS2, represents the basal Coniacian in the
main course of the Ikushunbetsu. Incidentally,
a gigantic, endemic ammonite species,
Grandidiericeras nagaoi MATSUMOTO & SAITO
occurs occasionally in GS2 and in fact its type
locality is 1k966d. I. (I.) uwajimensis occurs
abundantly at loc.1k963 immediately below the
third greensand bed (GS3). At loc.Ikllll and cer-
tain other localities at or below GS3 (see
MATSUMOTO 1965, fig. 2 for the location), 1. (1.)
uwajimensis is associated with Prionocycloceras
sigmoidale MATSUMOTO. Also at loc.[k964b,
somewhat below GS3, I. (1) uwajimensis is asso-
ciated with Prionocycloceras aff. guayabanum
(STEINMANN). This ammonite genus is cosmopoli-
tan in the Coniacian. It should be noted that the
above two species occur in the middle of the
Coniacian, where I. (1) uwajimensis is most pro-
lific. This part is certainly mid-Coniacian.
Kossmaticeras theobaldianum (STOLICZKA) was
obtained at loc. Ik931, together with 7. (I.) uwaji-
mensis. The horizon of loc. Ik931 may have been
interpreted too low previously (MATSUMOTO
1965, fig. 3), but it is within the acme-zone of I.
(1)) uwajimensis. At loc. 1k2748 of Ponbetsu
Gono-sawa, this ammonite species is also found
in the Zone of I. (I.) uwajimensis together with
Forresteria (Forresteria) alluaudi (BOULE &
al.), a widespread Middle Coniacian (KENNEDY
1984) K. theobaldianum was originally recorded
from South India, where its horizon is regarded as
mid-Coniacian (SASTRY & al. 1968). Further-
more, COLLIGNON (1965) established a Zone of K.
theobaldianum — F. (F.) alluaudi in the Middle
Coniacian of Madagascar. The genus Kossmati-
ceras itself enters earlier, as is shown by occur-
rences of K. flexuosum MATSUMOTO in the Middle
Turonian of Japan and of K. aff. recurrens
(KossMAT) in the Upper Turonian of Madagascar
(see MATSUMOTO 1993). As the strata at succes-
sive levels from locality Ik966¢c to loc.
1k965a inclusive contain [. (Cr.) rotundatus, this
part of the Tkushunbetsu main section represents
the Lower Coniacian. On the eastern flank of
a gentle syncline in the upper reaches of the R.

Tkushunbetsu, there are some other localities
which expose the T/C boundary. I. (I.) lusatiae
has been recently obtained from locs. 1k7000 —
Ik7003 (see Nobpa 1996, pp. 558-564 and fig. 9)
This species is recorded from the Middle
Turonian to Middle Coniacian of various regions
of Euramerica, although its actual range may
vary in different areas. It is mot common in the
uppermost Turonian and Coniacian. Hence,
stratigraphic occurrence of this species in the
Ikushunbetsu area is approximately consistent
with that in Euramerica.

It is regrettable that the fine outcrop of the
T/C boundary sequence along the main course of
the R.Tkushunbetsu is now submerged beneath
the artificial lake, but other sections are available
along forestry roads and also around the tribu-
tary Kami-Ichino-sawa.

Lower course of the R. Ponbetsu

The Cretaceous biostratigraphy of this valley
was recorded by MaTsumoTO (1965, 1984),
FutukaMI & al. (1980), MaTsumoTo & al. (1981)
and Noba (1984).This area is situated on the
western flank of the Ikushunbetsu anticline. Good
sections are exposed successively along the River
Ponbetsu for a considerable distance, of which
a length of about 200 m is relevant to the present
study. The route map, sketch of the outcrop and
stratigraphic occurrence of inoceramid species
are shown in Text-figs 9-10 and 11. Upper
Turonian strata and a small part of the overlying
Coniacian are exposed below the unconformity at
the base of the Eocene coal-bearing [kushunbetsu
Formation. We regard the base of the green sand-
stone represented by 1k2012a in Text-fig. 9, and
1k2011b in Text-fig. 10 (of this report) as the base
of the Coniacian stage as the base of the
Coniacian Stage on account of the association of
L. (1) uwajimensis and Baculites yokoyamai in
part of the green sandstone and in the overlying
siltstone of the Member I1Ib’. Immediately below
the green sandstone, in the uppermost part of
IlIa’, as represented by loc. 1k2012, occur M.
incertus and 1. (1) tenuistriatus, Lymaniceras
planulatum MaTsumoTo and Prionocyclus
abberrans MATSUMOTO. Locs. 1k2013 and 2014
yield fairly common [I. (1) teshioensis, 1. (I.)
tenuistriatus, 1. (I.) pedalionoides, M. incertus,
M. mytiloidiformis, Lymaniceras planulatum and
Reesidites minimus. Damesites ainuanus
MatsuMoTO, Subprionocyclus neptuni and S.
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loc.1k20164a, in the lower part of Member 11d’, S.
neptuni was obtained by MATSUMOTO together
with . (I.) hobetsensis. S. neptuni is a cosmopoli-
tan Upper Turonian index, whereas 1. (I.) hobet-
sensis is very common in the middle part of the
Turonian in Japan, but may range upwards. In
fact, on a route of the Hobetsu River, south-cen-
tral Hokkaido, I. (I.) hobetsensis occurs common-
ly at its type locality, but it is also found rarely at
an higher horizon, together with 1. (I.) teshioen-
sis. In our opinion, the nectonic species, S. nepfu-
ni is more widespread and more suitable as
a zonal index than the benthic 1. (I.) hobetsensis.

normalis were found rarely at loc. 1k2014d.
These species together indicate a Late Turonian
age. The rare occurrence of M. mytiloidiformis at
loc. 1k2014 is noteworthy. A specimen with an
Actinoceramus-like morphotype (= 1. sp. aff. I.
inaequivalvis SCHLUTER in MatsumoTro 1984)
from loc. Ik2014 is also notable and should be
investigated further. A few specimens which
show I. (I.) uwajimensis-like characters are rare
elements in the assemblages at localities k2013
and 2014 the undoubted 1. (1.) uwajimensis of the
Coniacian. We should, however, cxamine this
idea more carefully. At the horizon of

b

o )

3 o

N S

X X
T P NN
-

k2014
T k2015

. T a
T b
C

R. POnbefsu

e
Tho

Tertiary
/’ ! 1k2011
111D

Fig. 9. Sketch map of the R. Ponbetsu, Hokkaido

s g
LSt
¥ LAY

(R

: i I~
b ; 'wz,f;- :
Tk2011 %1;-.‘,,

P

bl et albl el g e bl g1 o p 1 dol b dd gt ¢
120114 k2012 k2013 ‘
ca20m

Fig. 10. Sketch of the outcrops along the lower course of the R. Ponbetsu (adapted from MaTtsumoTo & al. 1981)




TURONIAN AND CONIACIAN INOCERAMIDS IN JAPAN 471

We regard loc.1k2016a as falling in the lower part
of theUpper Turonian. In other words 1. (1.) hobet-
sensis ranges up to this horizon.

Ponbetsu-Gono-sawa

The Ponbetsu-Gono-sawa is a branch of the
R. Ponbetsu, which itself is a long tributary of
the main River Ikushunbetsu The sections
described in items 2a to 2c are part of the cele-
brated  Cretaceous exposures of the
Ikushunbetsu Valley (i.e. the Mikasa district).
There is a major anticline in this area. Sections
2b and 2c belong to the western flank of this

anticline, that of 2a belongs to the eastern flank
(see Matsumoto & al., 1978, Figs 6-7).The
stratigraphy along the Ponbetsu-Gono-sawa was
precisely recorded by MaTsumoTo (1984)
Matsumoro & Nobpa (1985) and Nopba &
UcHIDA (1995). The T/C boundary succession in
this part is subdivided into Members I11a’, IIIb’
and IIc’, which correspond lithostratigraphical-
Iy to Units IIla, IIIb and IIlc of the succession
along the main course of the R. Ikushunbetsu in
the east (see item 2). The fossiliferous strata are
well exposed along a particular section of the
Ponbetsu-Gono-sawa. Text-fig. 12 shows the
general succession and occurrence of inoce-

STAGE
COLUMNAR
INOCERAMID SPECIES
ROCK UNITS SECTION LOCALITY %
PORONAI F. . o PALEOG.
o | e ¢ = e — g Q
s é k2011 = g o
< 219
&\ | Eee=1, @ [T P | £
- $|k2012c __________ B
Ol | B e - 3 &
= 2
&) =
~
o k2013a,b Fommmm e o
& k2013c¢  pe-—mmmm—m S R -
SH=EY D F1 e |5
=z = 2013 oo -9 o g
~
i~ o - k20139 |- -9 'c;: -] 7
S k2013h Lo ¢--¢--9 % P
& k2013 e -9 é -
- k2014a,b  |———@--@--@- S 7z
k2014 d T =¥ | ~ o
k2014 e I S o (=<
2 3% 8 ¢ -
E88t & —
Z =358 8 -
= T8Es 8
28 f38g
B | e (5050006000060 : o
aza o | = =
Q|- =
R o | |k2016a @ E
C% oe«:oaoocawooolao g § 2
. ©000a00D0C000 @ =
§ Al S
£ 22 :

Fig. 11. Stratigraphical succession from the mid-Turonian to the basal Coniacian along the lower course of the R. Ponbetsu, showing

occurrences of inceramid species; legend as in Text-fig. 7




472 MASAYUKI NODA & TATSURO MATSUMOTO

ramid species in this section. The green sand-
stone bed which characterizes the basal part of
Member IIIb’ is thinner and more silty than that
in sections 2a and 2b. The main part of Member
IITb’ is a fine sandy siltstone, which is followed
by a more sandy unit at the top of the member.
Member I1la’, which is conformably overlain by
Member I1Ib’, consists of thick-bedded sandy
siltstone. Owing to NW-SE wrench faults and
an anticline, the sequence of strata is repeated.
In this section of Ponbetsu-Gono-sawa,
inoceramids are abundant and are associated

with ammonites at some horizons. Loc. 1k2727,
which represents the uppermost part of Member
II1a’, contains I. (I.) teshioensis and I. (I.) te-
nuistriatus together with the ammonites
Lymaniceras planulatum and Reesidites min-
imus. In Japan, all of these species are taken to
indicate Upper Turonian. At loc. 1k2726,2716a-
q, a weakly-ribbed form of 1. (Cr.) rotundatus
occurs abundantly. Among the associated
ammonites, Forresteria (Harleites) petro-
coriensis (COQUAND) from loc. Ik2716 and F.
(Harleites) cf. harlei (DE GROSSOUVRE) from
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loc. 1k2786 are good Lower Coniacian indices.
At loc. k2714 and in the upper part of the cliff
of loc. 1k2710, a distinctly ribbed form of I
(Cr.) rotundatus is found. These localities can
be confidently assigned to the Lower Coniacian.
I. (1) uwajimensis first appears in the middle
part of loc. [k2710, together with 1. (Cr.) rotun-
datus and is abundant at loc. Ik2709. The base
of the Middle Coniacian is inferred to lie in the
middle part of loc. Ik2710. The first appearance
of I. (Cr.) mihoensis is marked by a few speci-
mens at the top of loc. 1k2709. 1. (Pl.) szaszi
appears at the highest horizon of the same local-
ity. Associated ammonites are F. (Forresteria)
alluaudi (BOULE, LEMOINE & THEVENIN),
Barroisiceras (Baseoceras) inornatum
Matsumoro and Kossma-ticeras theobal-
dianum. The base of the Upper Coniacian could
be placed between horizons Ik27091 and
1k2109m, because the first occurrence of 1. (Cr.)
mihoensis conventionally marks the upper
Coniacian in Japan. Loc. 1k2708 yields 1. (Cr.)
mihoensis, I. (Cordiceramus) kawashitai NODA
and I. (Co.) cordiformis subsp. These inoce-
ramids are commonly found in one and the same
nodule. 1. (Cr.) mihoensis and I. (Co.)
kawashitai are conventionally regarded as
Upper Coniacian indices in Japan and south
Sakhalin. 1. (Co.) cordiformis subsp. from loc.
Ik2708 is hitherto undescribed in Japan.
Summarizing the succession in Text-fig. 12, the
Coniacian succession along this route is clearly
divisible into lower, middle and upper parts on
the basis of the inoceramid assemblages.
Whether or not these three parts can be precise-
ly correlated with the internationally defined
substages is a problem to be solved in the future.

KAJISAKO SECTION IN THE MONOBE
AREA, SHIKOKU

The Upper Cretaceous Kajisako Formation is
exposed along the R. Kajisako, a tributary of the
R. Monobe, Shikoku. A revised stratigraphy of
this formation was given by TASHIRO & al.
(1982). The formation is divided into four mem-
bers, namely, the lower, middle, upper and upper-
most ones. The total thickness of the formation is
about 180 m. The reference section relevant to
this study corresponds to the lower member,
which is composed of fine-grained sandstones
with numerous acidic tuff or tuffite intercalations

in the lower part. Text-fig. 13 shows the succes-
sion and the occurrence of inoceramid species of
the Kajisako section. It should be noted that the
succession of inoceramid-bearing beds is discon-
tinuous in this section and that the inferred
Turonian part is much thinner than that of the ref-
erence succession in Hokkaido. For these reasons
the Kajisako section may be less than ideal for
the present study. It represents, however, a tec-
tonically less disturbed part of the Cretaceous
area in southwest Japan. In other areas, such as
Uwajima, thc gcologic structure is much too
complex for biostratigraphical studies.

The inoceramid species from this section
reported by MATSUMOTO & al. (1982) are as fol-
lows (in ascending order):

(1) Mpytiloides cf. goppelnensis (BADILLET &
SORNAY) at M-55. This is an imperfect specimen,
but it is comparable with the better preserved ones
from several places in Hokkaido, fairly low in the
Turonian (see MATSUMOTO & NISHIDA 1995, figs
5-6).

(2) both Mpytiloides teraokai (MATSUMOTO &
NoDpA) and 1. (I.) hobetsensis occur abundantly at
loc. M-03, about 5 m higher than M-55. They are
associated with, among other ammonites,
Collignoniceras cf. woollgari (MANTELL) and
Mesopuzosia cf. indopacifica (KossmaTt). This
faunule indicates a Middle Turonian age.

(3) I. (1) cf. iburiensis is rare at loc.M-03", 0.3
m above M-03.

(4) 1. (1.) teshioensis occurs fairly abundantly at
loc.M-51, about 4 m, above M-03. Some speci-
mens are secondarily deformed. A few fragmen-
tary specimens probably referable to 1. (7.)
iburiensis are also found.

(5) I (1) uwajimensis forms dense accumula-
tions in several layers at locs.M-05 and M-06,
which are separated from loc.M-51 by about 20
m of strata in which no macrofossils have been
found.

(6) I. (Cremnoceramus) mihoensis is represented
in this section by a single specimen from loc.M-
60, about 7 m above the bed at loc. M-05.

The six inoceramid-bearing levels mentioned
above are comparable with those in the well stud-
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& al. (1992), and Sakal & al. ( 1993). The
stratigraphic succession is well exposed along
the R. Kawarauchi, a tributary of the R.
Onogawa, and can be examined in several
places in the basin. A composite section,
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together with inoceramid biostratigraphic data,
is shown in Text-fig. 14. Locs. OR242, 234,
233 and 230 are located in ascending order in
beds of silty mudstone which are interfingered
with conglomerates in the upper part of the
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APPENDIX Table. Advances in Inoceramid zonation of Japan

STAGE . ( - STAGE
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6. Based on the stratigraphic succession of
inoceramid species in the intervals from mid-
Turonian through the upper part of the Coniacian
in Japan, the ranges of the investigated species
are summarized in Text-fig. 15.

7. To sum up, in spite of some unfavourable
condifions, intensive biostratigraphic research in
Japan yields constructive contributions to the
problem of the T/C stage boundary and global
correlation.
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PLATE 1

1-4, 6-7 — Inoceramus (Inoceramus) teshioensis NAGAO & MATSUMOTO,
1939

1 — JG.H3520; loc. IK2013d, Ponbetsu area, central Hokka-
ido; IIla’ member, Upper Yezo Group; x 2

2 — JG.H3519; loc. IK2013d, Ponbetsu area, central Hokka-
ido; IITa’ member, Upper Yezo Group; x 1

3 — JG.H3078; loc. IK2014d, Ponbetsu area, central Hokka-
ido; Illa” member, Upper Yezo Group; x 1

4 — JG.H2238; loc. OR220, Nakahaji, Onogawa Basin, east-
ern Kyushu; upper member of the Ryozen Formation,
Onogawa Group; x 1.2

6 — JG.H3520; loc. IK2014 d, Ponbetsu area, central Hokka-
ido; Illa’ member, Upper Yezo Group; x 1 [somewhat si-
milar to I. (I.) costellatus)

7 — JG.H3602; loc. OR218, Onogawa Basin, eastern Kyushu;
upper member of the Ryozen Formation, Onogawa Gro-
up; x 0.9

5 — Inoceramus (Inoceramus) uwajimensis YEHARA, 1924,
JGH3101; loc. UF101, shore of Uwajima Bay, western Shi-
koku, lower member of the Furushiroyama Formation, Uwa-
jima Group; x 1 [deformed left valve, apparently similar to /.
(1.) teshioensis]

8 — Inoceramus (Inoceramus) cf. lamarcki stuemkei HEINZ, 1926,
JG . H3504; loc. Ob2042, Nanbuno-sawa, Obira area, northwe-
stern Hokkaido; Unit Mm-n, Middle Yezo Group; x 0.9

9 — Inoceramus (Inoceramus) pedalionoides NAGAO & MATSU-
MOTO, 1939, JG.H3261, loc. Ik2013d; Ponbetsu area, central
Hokkaido; IIa’> member, Upper Yezo Group; x 1
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PLATE 2
Inoceramus (Inoceramus) iburiensis
NAcAO & MATSUMOTO, 1939

1 - JG.H3506; loc. KU10-0104, Isojirono-sawa, Oyubari area, central
Hokkaido; Middle Yezo Group; x 0.6

2 - KMNH.IvP100,002; loc.H2135, a tributary of Nutapomanai-zawa,
Hobetsu area, south-cenral Hokkaido; Middle Yezo Group; x 0.37
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PLATE 3

1-3 — Inoceramus (Inoceramus) pedalionoides NAGAO & MATSUMOTO,
1939

1 — Lectotype, LGPS22720; precise locality unknown, proba-
bly Ik2013d, Ponbetsu area, central Hokkaido; I1Ia’ mem-
ber, Upper Yezo Group; x 1

2 -~ JG.H3519; loc. Ob0004, Obira area, northwestern Hokka-
ido; Unit Ual, Uper Yezo Group; x 1

3 — Paralectotype, GMHS5969; Penkemoyuparo, Oyubari area,
central Hokkaido; Middle Yezo Group; x 1

4-9 — Inoceramus (Inoceramus) tenuistriatus NAGAO & MATSUMO-
To, 1939; Ponbetsu area, central Hokkaido; I1Ia” member, Up-
per Yezo Group

4 — syntype, IGPS22751b; precise locality unknown, probably
1k2013; x 1.3

5 — JG.H2970; loc. Ik2013b; x 1.25

6 — IGPS22751-2; precise locality unknown, probably 1k2013;
x 1.17

7 — JG .H2968a; loc. Ik2013; x 0.95

8 — JG.H2973b; loc. 1k2013; x 1.35

9 — Syntype, IGPS22751a; precise locality unknown, probably
1k2013; x 1

10-12 — Inoceramus (Inoceramus) uwajimensis YEHARA, 1924

10 — JG.H2072; loc. OI213, Onogawa Basin, eastern Kyushu; up-
per member of the Inukai Formation, Onogawa Group; x 1

11 — JG.H3004; loc. O1213; x 1

12 — JG.H2053:; loc. UF101, shore of Uwajima Bay, western
Shikoku; lower member of the Furushiroyama Formation,
Uwajima Group; x 1
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PLATE 4

1-4 — Inoceramus (Inoceramus) lusatiae ANDERT, 1911
Ashiyachi-zawa, Ikushunbetsu area, central Hokkaido; I1Ib mem-
ber, Upper Yezo Group

1 - JG.H3095; loc. 1k7002; x 0.95

2 — JG.H3100; loc. Ik7003; x 1

3 - JG.H3096; loc. Ik7001; x 0.9

4 - JG.H3202; locIk7000; x 1 (somewhat lower horizon than
other, probably near the T/C boundary)
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PLATE 5

1-4 — Inoceramus (Inoceramus) uwajimensis YEHARA, 1924

1 — JG H3550; loc. 1k8501, Okuhidarimata, Tkushunbetsu area, cen-
tral Hokkaido:; TIIb member, Upper Yezo Group; x 1

2 — JGH2071; loc.0OI213, Onogawa Basin, eastern Kyushu; upper
member of the Inukai Formation, Onogawa Group; x 0.85

3 — JG.H3533; loc.Ik2710, Ponbetsu-Gono-sawa, central Hokka-
ido; TITb> member, Upper Yezo Group; x 1

4 — JG.H3532; loc.Ik2710m.; posterior wing well developed, so-
mewhat open valves, so-called I. (I.) uwajimensis yeaharai

type
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PLATE 6

1-3 — Inoceramus (Inoceramus) uwajimensis YEHARA, 1924

1 — JG.H3528; loc. Ik7009, Ashiyachi-zawa, Ikushunbetsu area, cen-
tral Hokkaido; IIIb member, Upper Yezo Group; x 1

2 — JG.H3036; loc. Ik2710r, Ponbetsu-Gono-sawa, central Hokka-
ido; IIIb’ member, Upper Yezo Group; x 0.8 ‘

3 —JG.H3071; loc. UN101, Mutsuki, Uwajima area, western Shi-
koku; upper member of the Narukawa Formation, Uwajima
Group; x 0.77 (somewhat crushed)

4-6 — Inoceramus (Cremnoceramus) ernsti HEiNz, 1928

4 — WE.P1321; loc. Ik8617a, Okuhidarimata, Ikushunbetsu area, cen-
tral Hokkaido; I1Ib member, Upper Yezo Group; x 1.2

5 —JG.H3017L; loc. Ob0020, Obijra area, northwestern Hokkaido;
Unit Ub, Upper Yezo Group; x 0.86

6 — JG.H3017R; loc. Ob0020, probably the right valve of the same in-
dividual as represented by JG.H3017L (Fig. 5); x 0.86
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PLATE 7

Inoceramus (Cremnoceramus) ernsti HEINZ, 1928

JG . H3023:; loc. Ob2100, Kamikinenbetsu, Obira area, northwestern
Hokkaido; Unit Mn-o, Middle Yezo Group; x 0.5
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PLATE 8

1 — Inoceramus (Cremnoceramus) ernsti HEINZ, 1928
JG H3017L; loc. Ob0020, Obira area, northwestern Hokkaido;
Unit Ub, Upper Yezo Group; x 0.86

2-8 — Inoceramus (Cremnoceramus) rotundatus FIEGE, 1930

2 — JG H2857; loc. Ik2710r, Ponbetsu-Gono-sawa, central Hokka-
ido; IIIb” member, Upper Yezo Group; x 0.8

3 — JC.H2866; loc. Ik2710r, Ponbetsu-Gono-sawa, central Hokka-
ido; IIIb” member, Upper Yezo Group; x 1.5

4 — GK.H10132; loc.Ik2716h, Ponbetsu-Gono-sawa, central Hok-
kaido; IITb” member, Upper Yezo Group; x 1.25

5 —JG.H2897; loc. Ik2716n; x 1

6 — JG.H2894; loc. Ik2716q: x 1.5

7 - JG.H3538; loc. Ik10008p., Kamiichino-sawa, Ikushunbetsu
area, central Hokkaido; IIIb member, Upper Yezo Group; x 1

8 — JG.H2860; loc. Ik2710r: x 1
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PLATE 9

Inoceramus (Cremnoceramus) lueckenforfensis TROGER, 1967

loc. Ob0003, Obira area, northwestern Hokkaido; Unit Ua2, Upper
Yezo Group

1 -JGH3098; x 1; 2 -JG.H3097; x 1
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PLATE 10

1 — Inoceramus (Cremnoceramus) deformis MEgk, 1871, 1G.H3016;
loc. Ob0012, Obira area, northwestern Hokkaido; Unit Ub, Upper
Yezo Group; x 0.95

2 — Inoceramus (Platyceramus) tappuensis nom. nov., UMUT.
MM6492; a float of the R. Obirashibe, precise locality unkown, pro-
bably from loc. Ob0003; x 1
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PLATE 11

Inoceramus (Platyceramus) tappuensis nom. nov.

1 — Holotype, JG .H3023; loc. Ob0003, Obira area, northwestern Hoklka-
ido; Unit Ua2, Upper Yezo Group; x 0.9

2 - IGPS22709; a float of the R. Obirashibe, precise locality unknown,
probably from loc. Ob0003; x 0.86
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PLATE 12

Inoceramus (Platyceramus) szaszi NODA & UCHIDA, 1995

Loc. Ik2709, Ponbetsu-Gono-sawa, central Hokkaido, upper part of
IIIb> member, Upper Yezo Group

1 — Paratype, JG.H2898; x 0.87
2 — Holotype, JG.H2901; x 0.84
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PLATE 13

1-2 — Inoceramus (Platyceramus) szaszi Nopa & UcHIDA, 1995

1 — JG.H3079; loc. Ob0002, Obira area, northwestern Hokkaido;
Unit Uc, Upper Yezo Group; x 0.59

2 — JG . H2898; loc. 1k2709, Ponbetsu-Gono-sawa, central Hokka-
ido; IIIb> member, Upper Yezo Group; x 0.87

3 — Inceramus (Volviceramus) koeneni MULLER, 1887, JG.H3019;
loc. Ob0013, Obira area, northwestern Hokkaido; Unit Ub, Upper
Yezo Group; x 0.93
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PLATE 14

Mpytilodes incertus (JIMBO, 1894)

Loc. 1k2013, Ponbetsu area, central Hokkaido; I1Ia’ member, Upper
Yezo Group

1 — TTC0001; x 1.07; 2 - JG.H2855; x 1; 3 — GK.H10123; x 1;
4 — JG.H2852; x 1; 5 — TTC0002; x 0.87
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PLATE 15

1-5 — Mytiloides incertus (JiIMBO, 1894)

1 — Lectotype, UMUT.MM7535-3; a float of the R. Ponbetsu, pre-
cise locality unknown, probably from 1k2013; x 1

2 — Paralectotype, UMUT.MM7535-2; precise locality unknown,
probably from 1k2013; x 1

3 - UMUT.MM?7535-4; precise locality unknown, probably from
12013

4 — GK.H10109; loc. 1k2011c, Ponbetsu area, central Hokkaido;
IIIa’ member, Upper Yezo Group; x 1

5 — GK.H10087; loc. Ik2013g, Ponbetsu area, central Hokkaido;
IIIa’ member, Upper Yezo Group; x 1

6-7 — Mytiloides mytiloidiformis (TROGER, 1967)

6 — GK.H10130; loc. Ik2014, Ponbetsu area, central Hokkaido;
II1a> member, Upper Yezo Group: x 1

7 — JG H3505; loc. Ik1727, Ganseki-zawa, Ikushunbetsu area, cen-
tral Hokkaido; IITa member, Upper Yezo Group; x 0.95

8-9 — Mytiloides sublabiatus (MULLER, 1887)
Loc. 1k2799c, Ponbetsu-Gono-sawa, central Hokkaido; IIIb’
member, Upper Yezo Group

8 —JG H3517a;x0.9;9 -JG.H3518; x 0.95
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PLATE 16

1-2 — Inoceramus (Inoceramus) hobetsensis NAGAO & MATSUMOTO,
1939

1 — JG.H2030; loc. OR234, Onogawa Basin, eastern Kyushu; lo-
wer member of the Onogawa Group; x 0.68 [nodulous form,
probably identical with Inoceramus (Inoceramus) flaccidus
WHITE, 1874]

2 — Lectotype, unregistered specimen from GMH Collection; Ka-
mihobetsu, Hobetsu area, south-central Hokkaido; Middle
Yezo Group; x 0.25

3 — Inoceramus (Inoceramus) hobetsensis nonsulcatus NAGAO &
MaTsuMoTO, 1939; lectotype, IGPS.22809; Takikawano-sa-
wa, Hobetsu area, south-central Hokkaido; Middle Yezo Gro-
up; x 1
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PLATE 17
Inoceramus (Inoceramus) iburiensis
NAGAO & MATSUMOTO, 1939

J1G.H40-1040; loc. Ob2100, Kamikinanbestu, Obira area, northwestern
Hokkaido; Unit Mn-O; Middle Yezo Group; x 0.5 (see also Pl. 18)
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PLATE 18

Inoceramus (Inoceramus) iburiensis
NAGAO & MATSUMOTO, 1939

The same specimen as in P1. 17; < 0.5
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