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870. AN EARLY CRETACEOUS (EARLY MIDDLE ALBIAN) PLANKTONIC
FORAMINIFERAL FAUNA FROM THE HINAGU FORMATION OF
NORTHERN KYUSHU, JAPAN*

HIROSHI NISHI
Department of Earth Sciences, Faculty of Science,
Yamagata University, Yamagata, 990
SATOSHI YOKOTA

Department of Geology, Faculty of Science,
Kyushu University, Fukuoka, 812

and
TSUNEMASA SAITO

Department of Earth Sciences, Faculty of Science,
Yamagata University, Yamagata, 990

Abstract. A fairly well-preserved planktonic foraminiferal assemblage was recovered
from the Hinagu Formation when recovery of radiolarian was attempted from a siliceous
mudstone by applying the hydrofluoric acid extracting method. The assemblage comprises
Globigerinelloides barri (Bolli, Loeblich and Tappan), Hedbergella delrioensis (Carsey), H.
planispira (Tappan), H. trocoidea (Gandolfi), and Ticinella primula Luterbacher.  The joint
occurrence of the Albian species of T. primula and G. barri which had been known only
from the latc Aptian is used to establish an early middle Albian age of the fauna. An
ammonite assemblage consisting of two species had previously been used to assign an early
Aptian age to the lower half of the Hinagu Formation. This ammonite age contradicts ages
indicated by both planktonic foraminifera and radiolarians. The Yatsushiro Formation
which is considered to unconformably overlie the Hinagu Formation also had been dated by
ammonites as late early Albian. Microfossil ages are not yet available for this formation.
If the ammonite age is unequivocal for this formation, those ammonite-bearing lithofacies
labeled as the Yatsushiro Formation are likely to be a coeval but shallower water facies of
the Hinagu Formation.

Key words. Hinagu Formation, planktonic foraminifera, Albian

Introduction Japan to the stratotype areas of marine

Cretaceous stages in Europe, few molluscan

Ammonites and inoceramids have long species are in common between these two
played a prime role in establishing biostrati- regions. However, paleontologists have
graphic ages of marine Cretaceous strata in relied on faunal similarities at the generic
Japan. Because of the long distance from level to establish a long-distance correlation

of Japanese Cretaceous marine strata.
*Received July 4, 1988 ; accepted December 4, 1988 Therefore, it would be quite interesting to
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evaluate these molluscan ages with dates in-
dicated by such planktonic microfossils as the
Radiolaria and foraminifera, which have
increasingly been used in recent years as a
means to establish inter-regional correlation.

With the exception of Cretaceous strata in
Hokkaido and in some parts of northeastern
Japan which are rich in megafossils, inclusion
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in Japanese Cretaceous rocks of such plank-
tonic microfossils have come to be realized
only in recent years. This is particularly true
for those highly indurated and structurally
complex sequences in southwestern Japan
which were emplaced as the accetionary
wedge complex along the subduction zone.
An early middle Albian planktonic foram-

Investigated area
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Figure 1. Geologic map of the Albian microfossil locality and vicinity. Plan map in the upper-left
inset covers the area marked “A” in the geologic map (lower-left corner) to give details around the
microfossil locality, H-168. The Yatsushiro Formation is shown in quotes, as it has since been renamed
“the Kesado Formation™ by Tashiro and Ikeda (1987). See text for further discussion.
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Figure 2. Columnar section showing general-
ized lithologic succession and microfossil horizon in
the Hinagu Formation as measured in a valley south-
west of Imaizumi, which is marked as the area A in
the geologic map (Figure 1). Voids in the sequence
represent concealed intervals.

iniferal fauna described in this article is one
of such examples where attempts at dating by
means of radiolarians fortuitously freed well-
preserved calcarecous forms. These speci-
mens were found in residues after treating a
highly indurated siliceous rock with a 3%
solution of HF for recovery of radiolarians.

The foraminiferal fauna was discovered by
S. Yokota who had been processing a large
number of rocks for radiolarian fossils in
order to establish ages of strata which he was
mapping. He is responsible for the identi-
fication and age discussion of radiolarians
presented in this paper. The two other
authors have examined the planktonic for-
aminifera.

Geologic setting

The lower middle Albian planktonic mi-
crofossils described in this paper is recovered
from the Hinagu Formation distributed in a
hilly area to the southeast of Yatsushiro City,
Kumamoto Prefecture. Matsumoto and
Kanmera (1964) described in detail the geol-
ogy of this area in a 15-minute quadrangle
geologic map of Japan named “Hinagu™.
Figure 1 illustrates the general geology of the
study area based on their work plus some
modification made by one of the authors (S.
Yokota) as a result of his own field work.
The oldest strata exposed in the area of
Figure 1 are the Ilkenohara Formation
containing latest Jurassic (early Tithonian)
radiolarians (Yokota and Sano, 1984). The
next oldest rock unit is the Hachiryuzan
Formation of a possibly Neocomian age.

The Hinagu Formation rests disconform-
ably on the Hachiryuzan Formation, but its
relationship with the Jurassic Ikenohara For-
mation can not be ascertained because these
two formations always come into contact
with a fault in the study area. Four distinct
lithofacies enable the subdivision of the
Hinagu Formation into four members (Fig-
ure 2). The basal member consists of basal
conglomerate and conglomeratic coarse-
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grained sandstone intercalating a small
amount of shales. The lower member is
typified by irregular sequences of such diverse
lithologies as medium-to-fine-grained sand-
stone, siltstone, massive sandy black siltstone,
and interbeds of sandstone and siltstone.
Several layers of grayish white tuff and
siliceous mudstone are intercalated in various
horizons. Carbonaceous matters, plant frag-
ments and brackish-water mollusks abound
at certain levels in the lower member. The
middle member consists largely of well-
stratified, medium-to-fine-grained sandstone
and subordinate amounts of shale. A 20-m
thick bed composed of 10-cm thick interbeds
of siliceous mudstone, tuffaceous siltstone
and tuffaceous sandstone marks the top of the
middle member. Sample H-168 yielding
both the planktonic foraminifera and
radiolarians described in this paper was col-
lected from the siliceous mudstone layer in
this 20-m thick bed. The locality lies in a
tributary of the Imaizumi River which is one
of the tributaries of the Kuma River (Figure
1, upper left inset). The upper member of
the Hinagu Formation is composed of mas-
sive black mudstone which intercalates at
irregular intervals laminae and thin layers of
siltstone.

The Yatsushiro Formation is the youngest
unit exposed in the study area and it uncon-
formably overlies the Hinagu Formation.
The formation consists predominantly of con-
glomerate and coarse-to-medium-grained
sandstone and grades upwards into interbeds
of fine-grained sandstone and siltstone.

The Hinagu Formation in the study area
forms essentially a broad ENE-SWS-trend-
ing overturned fold whose southern limb is
stratigraphically vertical or inverted. The
northern edge of the fold is demarcated by a
linear belt of serpentinite. Just to the north

of this serpentinite belt, there lies another
linear belt of Cretaceous strata comprising a
sequence from the Yatsushiro Formation
upwards. Since the Yatsushiro Formation
developed in the area north of the serpentinite
belt also yields ammonites, the Cretaceus
strata north of the serpentinite will be referred
to as the northern belt and those south of it as
the southern belt in the ensuing discussion.

Systematic description

All the species encountered in this study
are presented below. Synonymies are lim-
ited to the original reference plus some addi-
tional references which either effected tax-
onomic changes or provided high-quality
illustration. All the figured specimens are
deposited in the microfossil collection of
Department of Earth Sciences, Yamagata
University, Yamagata, Japan.

Family Globigerinelloididae Longoria, 1974
Subfamily Globigerinelloidinae Longoria,
1974
Genus Globigerinelloides Cushman and Ten
Dam, 1948

Globigerinelloides barri (Bolli, Loeblich and
Tappan)

Figures 3-8a—b

Biglobigerinella barri Bolli, Loeblich and Tappan,
1957, p. 25, pl. 1, figs. 13-18.

Globigerinelloides barri (Bolli, Loeblich and Tappan).
Longoria, 1974, p. 80-82, pl. 4, figs. 1-3, 8, 14, pl.
5, figs. 9-16, pl. 27, fig. 19; Leckie, 1984, p. 593,
pl. 2, figs. 1-4.

Remarks : — Some authors (e.g. Moul-
lade, 1966 ; Kuhry, 1971) regarded this
species to be a junior synonym of Globiger-

<«—  Figure 3. Albian planktonic foraminifera from the Hinagu Formation, Kyushu. All from Sample
H-168. Scale bars, A-C equal 100 ym ; A applies to 8, B to 1-3,5-6, and Cto 4. From 1to 7, a, dorsal

views, b, side views, ¢, umbilical side views.

1-3. Ticinella primula Luterbacher. 4. Hedbergella

planispira (Tappan). 5-6. Hedbergella trocoidea (Gandolfi). 7. Hedbergella delrioensis (Carsey). 8.

Globigerinelloides barri (Bolli, Loeblich and Tappan).

a, side view and b, umbilical view.



inelloides algerianus Cushman and Ten Dam.
This species differs from G. algerianus in
being circular in outline, rather than ellipti-
cal, and having a thicker test. The species
typically displays evolute coiling, and pecu-
liar knobbly ornamentations cover the early
portion of the test surface.

Occurrence : — A rather rare species in the
present assemblage.

Family Hedbergellidaec Loeblich and
Tappan, 1961
Subfamily Hedbergellinae Loeblich and
Tappan, 1961
Genus Hedbergella Bronnimann and
Brown, 1958

Hedbergella delrioensis (Carsey)

Figures 3-7a —¢

Globigerina cretacea d’Orbigny var. delrioensis Car-
sey, 1926, p. 43.

Hedbergella  delrioensis  (Carsey). Loeblich and
Tappan, 1961, p. 275, pl. 2, figs. 11-13; Longoria,
1974, p. 54-55, pl. 10, figs. 1-12, pl. 13, figs. 3-5,
15-18, pl. 26, figs. 10-11; Maiya and Inoue in
Obata er al. (1982), p. 155-1506, pl. 4, figs. la-c;
Leckic, 1984, p. 598, pl. 1, fig. 12, pl. 9, figs. 1-4, 8 ;
Caron, 1985, p. 57, text-figs. 25, 6-7.
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nor designate the type specimen. In order to
avoid taxonomic confusion surrounding this
species, Longoria (1974) erected the neotype
which came from the type locality given by
Carsey. Unknowingly, Masters (1977, p.
457) proposed another neotype. This second
neotype is invalid in light of the Code of
Zoological Nomenclature. In this species,
the number of chambers in the last whorl
varies from four and a halfl to six and the
dorsal side is flat or nearly flat. In Japan,
this species has been recorded from the
Aptian Choshi Group, Kwanto Region
(Obata er al., 1982) and from the Middle
Yezo Group, central Hokkaido (Takayanagi
and Iwamoto, 1962). Those figured speci-
mens from Hokkaido show a very low and
slightly invaginated dorsal side and possess a
pseudo-planispiral coiling. We consider
such morphological features are not indica-
tive of H. delrioensis.

Occurrence : — A rare species in the pre-
sent assemblage.

Hedbergella planispira (Tappan)

Figures 3-4a —c¢

Globigerina planispira Tappan, 1940, p. 122, pl. 19,
fig. 12.

Remarks : — Carsey (1926) did not illustrate Hedbergella  planispira  (Tappan). Loeblich and
Aptian fAlbian
Stage
Late E Middle Late
-
32
=)
I |23 2 0 i 3
Planktonic foraminiferal Zones Ep I 2 o3 2¢ 2 R
(Caron, 1985) $S s 23 Y 33 Ss 33 S3
ST 33, 3o 35, |59 =8 T3 =3
38 | 3S¢ | £2¢ | S€§¢e |29 [S35¢2 |Sge|28¢
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Globigerinelloides barri (Bolli, Loeblich and Teppan)

Hedbergella delrioensis (Carsey)

Hedbergella planispira (Tappan)

Species

Hedbergella trocoides (Gandolfi)

Ticinella primula Luterbocher

Figure 4. Known stratigraphic ranges of five taxa present in the Hinagu assemblage plotted to

planktonic foraminiferal zones of Caron (1985).
stages also adopted from her work.
work.

Correlation of the zonation with the standard Cretaceous
Extension of ranges suggested by dashed lines is based on the present
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Tappan, 1961, p.276, pl. 5, figs.4-11; Leckie,
1984, p. 599, pl. 9, figs. 6-7; Caron, 1985, p. 59,
text-figs. 25, 23-24

Remarks : — This small but distinct
species is characterized by its very low dorsal
side and in having from seven to eight cham-
bers in the last whorl. This species has been
observed without showing much variation
from the Aptian to Turonian.

Occurrence : — Common in the present
assemblage.

Hedbergella trocoidea (Gandolfi)

Figures 1-5a — 6¢

Anomalina lorneiana (d’Orbigny) var. trocoidea Gan-
dolfi, 1942, p. 99, pl. 2, figs. la-c, pl. 4, figs. 2-3, pl.
13, figs. 2a-b, 5a-b-;. Banner and Blow, 1959, p. 18.

Hedbergella trocoidea (Gandolfi). Caron and Luter-
bacher, 1969, p.23, pl. 7, figs. la-2c; Longoria,
1974, p.69, pl. 17, figs. 10-16, pl. 18, figs. 3-5;
Leckie, 1984, p. 599, pl. 3, figs. 1-4; Caron, 1985,
p. 60, text-figs. 25, 17-18.

Remarks : — Caron and Luterbacher (1969)
re-examined the type specimens of Gandolfi
(1942) and designated the lectotype. This
species is characterized by its distinctly tro-
choidal dorsal side and by having embracing
chambers. H. trocoidea has been reported
from the Middle Yezo Group of Hokkaido,
Japan by Takayanagi and Iwamoto (1962).
Their figured specimens are somewhat con-
cave dorsally and have a tendency towards
pscudoplanispiral coiling that makes them
not synonymous with H. trocoidea. We
would instead identify their specimens with
Ticinella primula Luterbacher.

Occurrence : — A rare species in the pre-
sent assemblage.

Family Rotaliporidae Sigal, 1958
Subfamily Ticinellinae Longoria, 1974
Genus Ticinella Reichel, 1950
Ticinella primula Luterbacher

Figures 3-la — 3¢

Ticinella primula Luterbacher, in Renz, Luterbacher
and Schneider, 1963, p. 1085, text-fig. 4 ; Ewing er
al., 1966, p. 754, text-figs. 3-5; Sigal, 1966, p.
198-199, pl. 3, figs. I1-14b; Longoria, 1974, p.
96-98, pl. 25, figs. 1-6, pl. 26, figs. 12-14 ; Leckie,
1984, p. 600, pl. 6, figs. 1-6; Caron, 1985, p. 79,
text-figs. 36, 6-7.

Remarks : — Variant forms with six and a
half to cight chambers in the final whorl have
been identified with this species by various
authors. Specimens from the Hinagu For-
mation generally possess seven chambers.
This species is characterized by having a flat
dorsal side and by showing a tendency
towards pseudo-planispiral coiling in larger
specimens. Because of the acid extraction
technique used to free microfossils, only por-
tion of the porticus remains on most of the
specimens in the present -assemblage. One
small specimen (Figure. 3-3a—c) shows,
however, a well-developed porticus at the
umbilical margin of the last chamber.

Occurrence : — This species is common in
the Hinagu Formation.

Age of microfossil fauna

Planktonic foraminifera : — Figure 4 sum-
marizes graphically the known stratigraphic
range of those taxa recognized in the Hinagu
Formation. The evolutionary lineage of the
genus Ticinella is particularly well known
(Sigal, 1966 ; Longoria, 1974). In the basal
Albian, T. primula evolved from T.
bejaouensis which in turn descended from
Hedbergella trocoidea in the latest Aptian.
T. primula became extinct in the middle part
of late Albian. Globigerinelloides barri has
so far been shown to be restricted to the upper
Aptian interval. Its joint occurrence in our
material with T. primula, whose stratigraphic
range has been well established by several
authors, and the little record of G. barri
existing in the literature are together taken to
indicate that G. barri ranged somewhat lon-
ger up into the lower middle Albian. All
the other species have much longer stratigra-



phic ranges. Based on the Albian range of
T. primula and the associated occurrence of
G. barri, we assign an early middle Albian
age to the fauna.

Radiolaria - — A rich radiolarian assem-
blage was recovered from the same rock sam-
ple that yielded the planktonic foraminiferal
fauna described above. The radiolarian
assemblage is characterized by: 1) abun-
dance of species to be classified under the
Cryptothoracic Nassellaria, 2) presence of
diverse forms belonging to the family Ar-
chaeodictyomitridae, and 3) abundant pre-
sence of Discoidea. In addition, species
belonging to such genera as FEucyrtis,
Ultranapora, Acaeniotyle, Praeconocaryom-
ma, and Archaeospongoprunum are relatively
common. Characteristic species of the
assemblage include Holocryptocanium barbui
Dumitrica, Thanarla praeveneta Pessagno,
Eucyrtis tenuis (Riist), Stichocapsa euganea
Squinabol, Acaeniotyle diaphorogona Fore-
man, Pseudodictyomitra puga (Schaaf), and
Triactoma hybum Foreman. This radiolar-
ian assemblage comprising abundant species
of the Cryptothoracic Nassellaria, including
the genus Holocryptocanium, is closely
comparable with the Holocryptocanium bar-
bui-H . geysersensis Assemblage of Nakaseko
and Nishimura (1981). The present assem-
blage also contains some species diagnostic of
the older Acaeniotyle umbilicata- Ultranapora
praespinifera and Eucyrtis tenuis Assem-
blages of Nakaseko and Nishimura (1981).
There are also many species which occur in
the Acaeniotyle umbilicata and Stichocapsa
euganea Assemblages of Sanfilippo and
Riedel (1985) as well as in the Kozurium
zingulai and Parvicingula- Thanalra conica
Assemblages of Pessagno (1977). These
authors assign the S. euganea Assemblage to
the lower Aptian and A. umbilicata Assem-
blage to the upper Aptian to Albian interval.
The present radiolarian fauna is on the whole
most closely allied with the faunas character-
izing the upper Aptian to lower middle

Hiroshi Nishi et al.

Albian interval. The lower member of the
Hinagu Formation yields only poorly pre-
served radiolarians. The presence of H. bar-
bui is, however, noted in these lower Hinagu
Formation assemblages. Sanfilippo and
Riedel (1985) showed this species to have a
short range from the lower Albian to the
basal Cenomanian. There are, however,
some authors who claim the range of H.
barbui to begin somewhat earlier. There-
fore, age of the Hinagu Formation, particu-
larly of its lower part, is likely to extend
downwards to the Aptian.

Age suggested by ammonite faunas

Matsumoto er al. (1980) described four
species of ammonites and one species of
nautiloid from the Yatsushiro Formation
which is said to unconformably overlie the
Hinagu Formation yielding the planktonic
microfossils described in this paper. Of
these, three are new species, one is identified
to the genus, and one is provisionally compar-
ed to the genus. These authors consider the
cephalopod fauna to be possibly of middle or
late early Albian age and three main reasons
are given to support this conclusion.

Firstly, their new species Brewericeras
enorme Matsumoto is regarded to be closely
allied to Brewericeras hulenense (Anderson)
which is an index species of the B. hulenense
Zone in the upper part of the lower Albian
sequence of the Pacific coast of North Amer-
ica. Secondly, their specimen described as
“Epileymeriella sp. aff. E. hitzeli” resembles
E. hitzeli (Jacob) which is known from the
lower lower Albian of France. Thirdly,
Platiknemiceras caseyi Matsumoto is consid-
ered to be a lower Albian ammonite, though
it is a new species, because most of the species
described under the genus Platiknemiceras
come from lower Albian strata.

No taxonomic description has as yet been
made on any cephaloped fauna of the Hinagu
Formation. In a review paper discussing the
problem of stratigraphic correlation of
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marine and non-marine Cretaceous forma-
tion in Japan, Matsumoto er al. (1982) note
that ammonites collected from the Hinagu
Formation at Locality X in Figure I include
two species which are identified with
Cheloniceras (Cheloniceras) aff. C. quadrar-
ium Casey and Colombiceras sp. On
account of these two species, an early Aptian
age is assigned to the lower half of the Hinagu
Formation.

Discussion

These two species of ammonites which,
according to Matsumoto et al. (1982), indi-
cate an early Aptian age come from nearly the
same stratigraphic horizon as that yielded
both the planktonic foraminifera and
radiolarians indicative of an early middle
Albian age. Thus there is a direct contradic-
tion of age suggested by the cephalopod and
planktonic microfossils, with the megafossil
pointing to one Cretaceous stage older.

As discussed in the foregoing chapter, the
ammonite assemblage of the Yatsushiro For-
mation which unconformably overlies the
Hinagu Formation has been described by
Matsumoto et al. (1980) to be diagnostic of
an early Albian age. Since no planktonic
microfossils have been found so far from the
Y atsushiro Formation, direct comparison of
age could not be made between these two
different fossil groups. However, the same
Albian age suggested to two formations
which are separated by a stratigraphic break
is a difficult problem to reconcile. Matsu-
moto and Kanmera (1964) first documented
the unconformable relationship of the Yatsu-
shiro Formation over the Hinagu Formation
near two summits in the hilly region about
one kilometer north of Tuzura (Figure 1).
Elsewhere, these two formations are jux-
taposed with a fault contact. One of the
Yatsushiro Formation ammonite localities,
Km 1843 (shown as locality Y in Figure 1) in
Matsumoto et al. (1980), is not in situ but is
really a fallen block lying at that site.

Because of a very narrow geographic distribu-
tion of the Yatsushiro Formation near that
ammonite discovery site, the block yielding
the Albian ammonites could well have come
from the Hinagu Formation. The other
ammonite locality where B.enorme and
Prolyelliceras sp. were collected lies in the
northern belt of Cretaceous strata detached
from the southern belt by a NE-SW trending
belt of serpentinite. If these two ammonites
do indicate an Albian age, the so-called
Yatsushiro Formation in the northern belt
could otherwise be interpreted as a shallower
water facies of the Hinagu Formation in the
southern belt.

Recently, Tashiro and lkeda (1987) pub-
lished the result of their field work on the
geology of the Hinagu and Yatsushiro For-
mations. According to them, the so-called
Y atsushiro Formation in the southern belt
which had been thought by Matsumoto and
Kanmera (1964) to unconformably overlie the
Hinagu Formation, is actually a thrusted-up
outlier of Aptian strata not equivalent with
the Yatsushiro Formation proper of the
northern belt. Therefore, they renamed these
strata exposed as an outlier “the Kesado
Formation”. They also agree with us in
considering that the Yatsushiro Formation
proper of the northern belt is indeed a shal-
lower water equivalent of the Hinagu Forma-
tion.

Acknowledgment

We are grateful to Miss Yoko Misawa who
typed and proofread the manuscript.

This research was partly supported by the
Ministry of Education, Science and Culture
(Monbu-sho) of the Government of Japan,
Grant-in-Aid for Scientific Research, grant
62790184 (to H.Nishi) and grant 62540594
(to T. Saito).

References

Banner, F. T. and Blow, W. H., 1959: The classi-



10 Hiroshi Nishi et al.

fication and stratigraphical distribution of the
Globigerinaceae. Palaeontology, vol.2, pt. 1, p.
1-27, pls. 1-3.

Bolli, H. M., Loeblich, A. R., Jr. and Tappan, H.,
1957 : Planktonic foraminiferal families Hant-
keninidae, Orbulinidae, Globorotaliidae and
Globotruncanidae. In, Loeblich, A. R, Jr., er
al., ed., Studics in Foraminifera, U. §. Nail.
Mus. Bull., no. 215, p. 3-50, pls. I-11.

Brénnimann, P. and Brown, N. K., Jr. 1958: Hed-
bergella, a new name for a Cretaceous planktonic
foraminiferal genus. Washingion Acad. Sci.,
Jour., vol. 48, no. 1, p. 15-17, text-fig. 1.

Caron, M., 1985: Cretaccous planktonic foram-
inifera. [In, Bolli, H. M., Sauders, J. B. and
Perch-Nielsen, K., ed., Plankton Stratigraphy, p.
17-86, text-figs. 1-37. Cambridge Univ. Press,
Cambridge.

—— and Luterbacher, H. P., 1969: On some type
specimens of Cretaceous planktonic foraminifera.
Contr. Cushman Found. Foram. Res., vol. 20,
pt. 1, p. 23-29, pls. 7-9.

Carsey, D. O., 1926 : Foraminifera of the Cretaceous
of central Texas. Texas Univ., Bull., no. 2612,
p. 1-56, pls. 1-8.

Cushman, J. A. and Ten Dam, A., 1948 : Globiger-
inelloides, a new genus of the Globigerinidae.
Contr. Cushman Lab. Foram. Res., vol. 24, pt.
2, p.42-43, pl. 8.

Ewing, M., Saito, T., Ewing, J. I. and Burckle, L. H.,
1966 : Lower Cretacecous sediments from the
Northwest Pacific.  Science, vol. 152, no. 3723,
p. 751-755, figs. 1-5.

Gandolfi, R., 1942 : Ricerche micropaleontologiche e
stratigrafiche sulla Scaglia e sul Flysch cretacici
dei dintorni di Balerna (Canton Ticino). Riv.
Italiana Paleont., Mem. 4, p. 1-160, pls. 1-14.

Kuhry, B., 1971: Lower Cretaccous planktonic
foraminifera from the Miravetes, Argos and
Represa Formations (S. E. Spain). Rev.
Espanola Micropal., vol. 3, no. 3, p. 219-237, pls.
1-3.

Leckie, R. M., 1984 : Mid-Cretaceous planktonic
foraminiferal biostratigraphy off Central
Morocco, Deep Sea Drilling Project Leg 79, Sites
545 and 547. In, Hinz, K., Winterer, E.L., er
al., Initial Reports of the Deep Sea Drilling
Project, vol. 79, Washington, Govt. Printing OfT.,
p. 579-620, pls. 1-17.

Loeblich, A. R. Jr. and Tappan, H., 1961 : Cretaccous
planktonic foraminifera: Part 1 — Cenomanian.
Micropaleontology, vol. 7, no. 3, p.257-304, pls.
1-8.

Longoria, J. F., 1974: Stratigraphic, morphologic
and taxonomic studies of Aptian planktonic
foraminifera. Rev. Espanola Micropal., Spec.
Issue, numero. extraord, p. 1-107, pls. 1-27.

Masters, B. A., 1977: Mesozoic planktonic
foraminifera — A world-wide review and analy-
sis. In, Ramsay, A. T. S., ed., Oceanic micro-
palaeonotology, vol. 1, p. 301-732, pls. 1-58, Aca-
demic Press, London.

Matsumoto, T. and Kanmera, K., 1964: Hinagu.
Explanatory 1ext of the geological map of
Japan, Scale 1: 50,000. Geol. Surv. Japan,
174p., 1 map. (in Japanese with English
abstract).

—, Kanmera, K. and Ohta, Y., 1980 : Cephalopod
faunule from the Cretaceous Yatsushiro Forma-
tion (Kyushu) and its implications. Trans.
Proc. Palaeont. Soc. Japan, N. S., no. 118, p.
325-338, pl. 37.

——, Obata, 1., Tashiro, M., Ohta, Y., Tamura, M,,
Matsukawa, M. and Tanaka, H., 1982 : Correla-
tion of marine and non-marine formations in the
Cretaceous of Japan.  Fossils, no. 31, p. 1-26. (in
Japanese with English abstract).

Moullade, M., 1966: Etude stratigraphique et mi-
cropaléontologique du Crétacé inférieur de la
“Fosse Vocontienne”. Documents Lab. Géol.
Fac. Sci. Lyon, no. 15, p. 1-369, pls. 1-17.

Nakaseko, K. and Nishimura, A., 1981 : Upper Juras-
sic and Cretaceous radiolaria from the Shimanto
Group in the Southwest Japan. Sci. Rep., Coll.
Gen. Educ. Osaka Univ., vol. 30, no. 2, p. 133-
203.

Obata, 1., Maiya, S., Inoue, Y. and Matsukawa, M.,
1982 : Integrated mega- and micro-fossil bio-
stratigraphy of the lower Cretaceous Choshi
Group, Japan. Bull. Nat. Sci. Mus. (Tokyo),
Ser. C (Geol. Pal.), vol. 8, no. 4, p. 145-179, pls.
1-7.

Pessagno, E. A., 1977 : Lower Cretaccous radiolarian
biostratigraphy of the Great Valley Sequence and
Franciscan Complex, California Coast Ranges.
Cushman Found. Foram. Res. Spec. Pub., no.
15, p. 1-87.

Reichel, M., 1950: Observations sur les Globotrun-
cana du gisement de la Breggia (Tessin).
Eclogae Geol. Helv., vol. 42, no.2, p.596-617,
pls. 16-17, text-figs. 1-7.

Renz, O., Luterbacher, H. and Schneider, A., 1963 :
Stratigraphische-paldontologische Untersuchun-
gen im Albien und Cénomanien des Neuenburger
Jura. 1bid., vol.56, no.2, p.1-149, p.1073-
1116, pls. 1-9.

Sanfilippo, A. and Riedel, W. R.. 1985: Cretaceous
radiolaria. In, Bolli, H. M., Saunders, J. B. and
Perch-Niclsen, K., ed., Plankton Stratigraphy, p.
573-630, Cambridge Univ. Press, Cambridge.

Sigal, J., 1958 : La classification actuclle des familles
de Formainiféres planctoniques de Crétacé.
Soc. geol. France, Comptes Rendus Somm.
Seéances, no. 11-12, p. 262-265.



870. Albian planktonic foraminifera from Kyushu 1

——, 1966 : Contribution a une monographie des
Rosalines. 1. Le genre Ticinella Reichel, souche
des Rotalipores. Eclogae Geol. Helv., vol. 59,
no. I, p. 185-218, pls. 1-6.

Takayanagi, Y. and Iwamoto, H., 1962 : Cretaceous
planktonic foraminifera from the Middle Yezo
Group of the Ikushumbetsu, Miruto, and
Hatonosu areas, Hokkaido. Trans. Proc.
Palaeont. Soc. Japan, N. S., no. 45, p. 183-196,
pl. 28.

Tappan, H., 1940: Foraminifera from the Grayson

Formation of northern Texas. Jour. Paleont.,
vol. 14, no. 2, p. 93-126, pls. 14-19.

Tashiro, M. and Ikeda, M., 1987: The Cretaccous
System of the Yatsushiro Mountains. Res.
Rept., Kochi Univ., vol. 36, Nat. Sci., p. 1-21. (in
Japanese with English abstract).

Yokota, S. and Sano, H., 1984: Jurassic to
Cretaceous biostratigraphy in the castern part of
Hinagu Belt along the Kuma River. Geol. Soc.
Japan, Abstracts  with  Programs, 9lst Ann.
Meet., p. 179. (in Japanese).

Hachiryu-zan A#[L, Hinagu BE A, Kesado 8% %, Shimofukami FEIK, Tuzura JLifT,

EBAMBERAR L v ETHa0MEERL (P77 ) BlEEEILRAA : AR
KREFB 245 BEABOEEREY 7 v (LKEBTAB LI L 25, HEHRILA
LBV BREOLVCEEEELRLANAYB LI LN TE L, TR bE,
Globigerinelloides barri (Bolli, Loeblich and Tappan), Hedbergella delrioensis (Carsey), H.
planispira (Tappan), H. trocoidea (Gandolfi), Ticinella primula Luterbacher 2:572%, =
DBEL T. primula & G. barri D3ET B Z bbbl 7 A €7 v (WHIAER) o#il
EETODLEZBRD, K, BEAB»LRT v ESF A MLAN 2EREShTEHD,
FhHIRE Y HEABRWM 7 757 vRT EE2 bR T, 40, F#EERLRIL
ARORBRILAIC L > URENICHERRE, ThiBAE<AEVE>TW2, =75, H
ZABYTESCES L EhTV A AREBOMERNKE, 771 MLECL Y7
AETVOBRIIEE L ORTWAY, BILARZOWELHIXHREIh T, 7TV
F4 MERIZE > TRENBARBOMERKSEL VT2 L, AMUBRARAB LR
KMRETHD, LHEREBHEOEHENETSEDLEELI DRI,

78 GARA - BEE G - RWEEFIE




Trans. Proc. Palaeont. Soc. Japan, N.S., No. 153, pp. 12-24, 10 Figs., April 30, 1989

871. SOME INOCERAMIDS (BIVALVIA) FROM

THE CENOMANIAN (CRETACEOUS) OF JAPAN—V
A WORLD-WIDE SPECIES INOCERAMUS PICTUS SOWERBY
FROM JAPAN*

TATSURO MATSUMOTO

¢/o Department of Geology, Kyushu University 33, Fukuoka 812

Inoceramus pictus Sowerby is well known for its world-wide distribution
For some reasons, however, no example of this
species has been described from Japan. 1. pictus is regarded as highly variable and currently
divided into more than six subspecies. Some of them are reviewed in this paper for careful
comparison with our forms. [ have realized that some specimens of rather old collections
from several localities in Hokkaido are referable to this species, although they are atypical.
They are described in this paper under a new subspecies, which is distinguished from /.
pictus pictus by its less distinctly marked growth striae, finer rings and weaker concentric
subcostae and/or undulations, instead of pronounced major ribs or folds. The form from
Kamchatka called “I. pictus neocaledonicus” by Pergament may be preferably transferred to

Abstract.
in the upper part of the Cenomanian.

this new subspecies.

Key words.

Introduction

In Part IV of the Cenomanian inoceramids
from Japan, Inoceramus nodai Matsumoto et
Tanaka, 1988 has been introduced on the
basis of a considerable number of specimens
from the Upper Cenomanian of Hokkaido.
We have suggested, furthermore, that the same
species may distribute in various regions of
the world. In contrast to this result of a
recent study, /noceramus pictus Sowerby was
established long ago in England and is now
celebrated for its world-wide distribution
mainly in the upper part of the Cenomanian.
For some reasons, however, no example of
this species from Japan has been described.

I. pictus is said to show a great extent of
variation. Apart form [.pictus var. var-
donensis Sornay (1951), this species is current-

*Received June 23, 1988: accepted December 20,
1988.

Inoceramus pictus, Cenomanian, subspecies, Hokkaido, Kamchatka

ly divided into more than six subspecies (Kel-
ler, 1982, p. 64). It occurred to my mind that
I. pictus might be represented in Japan by a
particular, atypical subspecies. 1 attempted,
therefore, to inspect the specimens of older
collections mainly of my own. In parallel to
this, I have examined the hitherto established
subspecies through a survey of literature and
available specimens. As a result, [ have real-
ized that /. pictus does occur in Japan, form-
ing a new subspecies. It is described in this
paper, with necessary comparison and discus-
sion.

The technical terms and their abbreviations
used in this paper are the same as those
defined in Partl of this series of papers
(Matsumoto and Noda, 1986, p.410).
Growth rings and lines (striae) may be used
for concentric rings etc. to conform with
German Anwacksringen etc., but the two
kinds of terminology are almost synonymous.
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The abbreviated symbols for the reposi-
tories of the described and discussed speci-
mens are as follows:

BM : British Museum (Natural History),

London

GK : Geological Collections, Kyushu Uni-

versity, Fukuoka

IGPS : Institute of Geology and Palac-

ontology, Tohoku University, Sendai

UMUT : University Museum, University

of Tokyo, Hongo, Tokyo

USNM : United States National Museum,

Washington, D. C.

Systematic description

Genus Inoceramus Sowerby, 1814

Type species : - Inoceramus cuvierii Sower-
by, 1814.

Inoceramus pictus Sowerby, 1829

Holotype : — BM. 43272, from the Chalk
Marl of Guildford, England, illustrated by
Woods (1911, text-figs. 36). Its plaster cast,
GK. H9577, is at my disposal.

Remarks : — Kauffman and Powell (1977,
p. 54) referred this species to Inoceramus (s.
str.), but how it is related to I. cuvierii has yet
to be worked out.

Woods (1912) and more recently Kauffman
and Powell (1977) ascribed the phylogenetic
origin of I. pictus to the group of 1. coman-
cheanus Cragin-I. anglicus Woods. In
other words, it is not in the group of Biro-
strina concentrica Parkinson, whereas Tsaga-
reli (1942) (see Sornay, 1966, figs. 10) and
Keller (1982) sought it directly or indirectly
in B. concentrica. Kauffman (1978 a, p. iv.
5) mentioned preliminarily that in the Middle
Cenomanian Zone of Turrilites costatus in
England there is a form of I. pictus which is
transitional to broader, flatter ancestral forms.
This suggests a link from a group of I. ang-
licus to I. pictus. On this and other lines of
evidence, I rather prefer the former view to the

latter, although full descriptions should be set
forth through a thorough study of the British
material.

I. pictus is said highly variable in both
shell-form and ornamentation. Dictze
(1959, p.860) modified the scope of this
species so as to aftiliate 1. bohemicus Leon-
hard, 1897 and [I. neocaledonicus Jeannet,
1922 1o subspecies of [I. pictus. 1t is strange
that the holotype of I. pictus was treated as
an example of an unnamed subspecies by
Dietze (1959, p. 864), who gave a misleading
definition of 1. pictus pictus. Troger (1967,
p. 35-55) expanded the subspecific classifi-
cation, with addition of [I.pictus bann-
ewitzensis Troger and [. pictus concentricoun-
dulatus Troger, giving precise description to
cach of the five subspecies known at that date.
He made, however, no mention on Seitz’
(1965, p. 90) comments on /. neocaledonicus.

Regrettably the holotype of [Inoceramus
pictus is incompletely preserved. Although
it consists of both valves, its umbonal part is
missing and the specimen itself is somewhat
distorted. It has moderately distinct growth
rings, with well marked striae in their inter-
spaces. In addition to them, moderately
strong concentric major ribs or rather to say
folds develop in the middle to late growth-
stages. Its restored outline of shell may be
roughly suboval, with height (H) greater than
length (L), but its characters of the beaks and
postero-dorsal wings are not shown. So far
as 1 know, nobody has illustrated any well
preserved topotype or other specimen from
the correlatable zone in England.

Kauffman and Powell (1977, p.55) de-
scribed at length the diagnosis of [I. pictus
pictus. An example from the Zone of
Sciponoceras gracile in Texas was illustrated
(Kauffman, 1977 b, pl. 5, figs. 3; Kauffman et
al., 1978, pl. 9, figs. 3). Some examples from
the Upper Cenomanian of Banker Hills,
Kansas, collected by Y. Kanie in an excursion
with Kauffman, are beforc me on loan
through T. Suekane.

A better preserved specimen, BM. 44683
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(plaster  cast  GK. H9575) illustrated by
Woods (1911, pl. 49, fig. 5) under 1. pictus

from the “Zone of Holaster subglobosus of

Burham.™ consists of’ both valves, although
the anteroventral part of the left valve is
destroyed away. It was assigned to 1. picius
neocaledonicus by Dictze (1959, p. 863),
Troger (1967, p. 50) and Keller (1982, p. 64).

Kauffman (1978 a, p.iv.5) called it
preliminarily 1. pictus, n. subsp. D.  In addi-
tion to its “subtle, sparse major concentric
ribs.” it is characterized, in my observation,
by somewhat coarser gowth rings demarcated
by deeper or better marked striac than those
of the holotype. It is rather weakly in-
equivalve, with acutely pointed beaks in both
valve.  The left valve is somewhat more
inflated and has a longer beak than the right.
The anterior hinge angle (&) is fairly acute.
The umbonal part is considerably inflated
and steeply slopes down o a narrow postero-
dorsal wing, but the main part of the disk
gradually inclines toward the flat wing-like
part, where the growth rings extend weakly
and densely.

In the specimen from the James Ross Island
Group, illustrated by Crame (1981, p. 55, figs.
3 b, ¢) under 1. pictus pictus, the growth rings
arc very coarse and the major concentric folds
are very prominent. | would agree with
Crame in this identification, admitting some
extent of variation in the coarseness of the
growth rings and intensity of the concentric
folds.  The specimen from Madagascar illus-
trated by Heinz (1933, pl. 16, figs. 4 a, b) and
Sornay (1965, pl. B, figs. 3, 5) under 1. pictus,
without subspecific name, are essentially simi-
lar to the specimen of Crame mentioned
above. They can be called [I. pictus pictus,

although some authors referred them to /.
pictus neocaledonicus.

Inoceramus neocaledonicus Jeannet (1922,
p. 251, fig. 5) itsell is questionable, because it
was established on a single, incompletely
preserved, rather flat valve (described as left,
but uncertain) from a formation of shale in
New Caledonia.  The characters of its beak
and postero-dorsal wing are not well shown.
Since Dietze (1959, p. 863) called it I. pictus
neocaledonicus, many authors in Europe and
the USSR have followed him. though tenta-
tively by Crame (1981). Scitz (1965, p. 90)
was the only palacontologist who threw
doubt on this assignment, suggesting that it
may belong to the group of /. /lingua Gold-
fuss, i.e. Sphenoceramus. Crame (1983, p.
300), has corrected that [. neocaledonicus
group (e.g. small form of 1. australis Woods,
1917) occurs in the Coniacian-Campanian
sequence of James Ross Island, showing a
homoeomorphic similarity to 1. pictus.

As | have no opportunity to examine the
holotype nor to visit the type locality, I am at
the moment unable to decide which would be
true.  For the time being, | should regard /.
neocaledonicus Jeannet as doubtful. 1 may
cite the forms previously described under 1.
pictus neocaledonicus by authors as the so-
called ones or as [. pictus neocaledonicus in
the sense of Troger (1967). etc.

Inocerames bohemicus Leonhard (1897, p.
20, pl. 5, figs. 1 a-c¢) was cstablished on very
small specimens.  Whether they are adults of
a small, primitive species or juveniles of a
medium sized species is questionable.  Leon-
hard prelerred the former to the latter, but
this species has been transferred to 1. picrus
bohemicus since Dictze (1959, p. 863, pl. 2. fig.

«— Figures 1-3.  Inoceramus pictus minus, subsp. nov. Holotype (1) and paratypes (2, 3), from loc. T33,
Saku-gakko-no-sawa, Member 11b of Matsumoto (1942), mid-valley of the Teshio (T.M. Coll. in 1938). 1:

GK. H36 A, holotype (comp. int. m. of LV). x 1.2,

A dorsal view at the center is set in a special posture

to show the acute apex of the beak. 2: GK. H36B (comp. int. m. of LV, with inner shell layer on some
portions), X 1.2, 3: GK. H36C (int. m. of LV, with shelly substance adhering on postero-dorsal portions ;
apex of beak broken off). x 1. 3 : slightly inclined lateral view in a light of a special orientation.

Different views of the same specimen are connected by a dotted line.  For brevity. the self-explaining
views ol photos, such as lateral, anterior, posterior and dorsal. are omitted from repeated writing. except for
a special case. Photos (Figs. 1-10) by courtesy of Dr. M. Noda.
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5), who showed a somewhat larger specimen.
This subspecies is said to have less convex
valves which are mainly ornamented with
dense and uniform, growth rings. Its outline
is upright and suboval (§=060°to 70°). What
was called I. bohemicus by Scupin (191213,
p. 26, pl. 12, fig. 7) has becn transferred to /.
pictus pictus by Troger (1967, p. 52, pl. 3, fig.
3). As its valve is considerably convex and
seems to have major concentric ribs of moder-
ate intensity, I would agree with Trdger in
this assignment.

The association of several subspecies in the
same zone of the same sedimentary basin
seems to me unreasonable and unnatural,
unless their original habitats were different.
For instance, Kauffman (1978 b, p.xiii. 2)
listed 1. (I.) pictus bohemicus and I. (I.)
pictus concentricoundulatus from the Upper
Cenomanian “Zone of [. pictus” in the Bo-
hemian basin. | tentatively presume that
such a broad (/.e. L/H nearly 1) and sharply
ornamented form (see Sornay, 1978, pl. 2, fig.
3 in addition to Troger, 1967) as [. pictus
concentricoundulatus should be treated as a
distinct species which may be allied to but
independent of /. pictus. Likewise, I. bann-
ewitzensis may be independent, for it is highly
inflated and as high as long, with projecting
anteroventral part. It should be noted that
they resemble some examples of [. yabei
Nagao ¢t Matsumoto (1940, p. 1, pl. 2, fig. 1 ;
1939, pl. 34, fig. 6).

Inoceramus pictus minus, subsp. nov.

Figures 1-10

Holotype : — GK. H36A (Fig. 1) from loc.
T33, Saku-gakko-no-sawa, middle part of
Member IIb, Saku area of the Teshio Moun-
tains, northern Hokkaido (T.Matsumoto
Coll.) ; composite internal mould of left
valve, whose external mould, with prismatic,
outer shell layer adhered, is also available
(GK. H306A").

Paratypes : — GK. H36B (LV) (Fig.2), C

(LV) (Fig. 3), D (RV) (Fig. 4), E (LV) (Fig.
5) and F (RV, young part) (Fig. 6), all from
loc. T33, in one and the same rockmass as the
holotype. Also GK. H29A (LV) (Fig. 7). A’
(ext. mould of A), B (LV) (Fig.8) and C
(distorted and deficient LV) (Fig. 9). from a
calcarcous nodule at loc. T843, Chirashinai
of the Saku arca, Member Il b-c (8). All
these paratypes were collected by myself
through a field work in 1938.

UMUT. MM 6478 (=Tk. 1-687) in Nagao
and Matsumoto, 1939, pl. 24, figs. 2, misiden-
tified as 1. concentricus var. nipponicus (LV),
from the middle course of the Obirashibe (H.
Y abe Coll. 1901), northwestern Hokkaido.

There are two other incompletely preserved
specimens which can be called 1. cf. pictus or
tentatively I. cf. pictus minus. They are GK.
H8287 (Fig. 10) (LV and its external mould)
from loc. R110 on Highway 239, 1300 m west
from the Kiritachi Pass (H.Okada, T. Ni-
shida and T. M. Coll.); GK.H8288 (LV,
with its posterior part eroded away) from loc.
1k1039a on the main course of the River
Ikushumbets, 550 m downstrcam from the
Katsurazawa Dam (T. M. Coll.); IGPS.
86187D and E (small juveniles) associated
with juveniles of I. nodai (see Matsumoto
and Tanaka, 1988, figs.2 and 3), probably
from loc. 1k1038 or nearby locality on the
River Ikushumbets.

Diagnosis : — Shell small to medium-
sized, asymmetrically ovoid in gross-outline,
with height greater than length, inequilateral
and somewhat inequivalve, with slightly more
convex left valve than the right. Left umbo
prominent, somewhat incurved, with acutely
pointed prosocline beak. Umbonal part of
the valve moderately convex, from which
narrow postero-dorsal wing or ear is weakly
demarcated. Main part of the valve
moderately to gently convex, with a zone of
the maximum inflation in the anterior part
along the growth-axis, from which it inclines
steeply to the anterior side, with somewhat
concave antero-dorsal part, and slopes gradu-
ally to the flattened, posterior wing-like part.
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Antero-dorsal margin very shallowly con-
cave and the main anterior margin slightly
convex, forming altogether gently sinuous or
nearly straight anterior margin, without
marked antero-ventral projection. Ventral
margin asymmetric, curved moderately and
well rounded on crossing the growth axis,
passing to gently arcuate, long posterior
margin. Hinge line less than two thirds of
the shell length.  Growth axis rather upright,
forming angle (&) of 60° or more with the
hinge line.

Growth striae and intervening rings fine
and weak. Low but unnegligible, concentric
subcostae and/or major undulations develop
on the main part of the valve.

Etymology : — pictus =ornate ; minus =
smaller, less or lower.

Observation : — The specimens GK. H30
A-D from loc. T33 (type locality) are some-
what dissimilar to those (GK. H29A-C) from
loc. T843. This is partly due to the effect of
secondary deformation, since the secondary
compression is evident in the former and a
sort of distortion in the latter. Even il the
effect of secondary deformation is eliminated,
there may have been originally some
difference between the slender, narrowly oval
form of the former and the broader, asym-
metrically suboval form of the latter.  Such a
difference is not significant, because there are
likewise examples of comparatively narrower
and broader forms in [. pictus pictus of
Troger (1967, pl. 3, figs. 1-6) from Germany.

GK.H29C (Fig.9) 1is distorted and
deficient in lacking the umbo and postero-

Figures 4-6. [noceramus pictus minus, subsp. nov. Paratypes (continued) from the type locality (T.M.
Coll.). 4: GK. H36D (int. m.. RV : apex of beak broken off), x 1. 5: GK. H30E (secondarily depressed.
comp. int. m.. LV. with shelly substance adhering here and there). x 1. 6: GK. H36F (int. m.. RV. young
part). X 1.5, This specimen was taken out from the rock matrix ol GK. H36B.
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Figure 10.  /noceramus cl. pictus minus, subsp.
nov. GK. H8287 (secondarily deformed RV. with
inner shell layer adhering on the major part). from
loc. R110, 1300 m west of Kiritachi Pass, Highway
239 (H. Okada. T. Nishida and T.M. Coll.), nearly x
. Scale bar=10 mm.

ventral part, but suggests a high, suboval
shell-form. GK.H36E (Fig.5) may have
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apparently broader form than others from the
same locality. Its subcostae are weakened
but fine rings are better manilested.

Similarly the fine rings are fairly well dis-
played by GK.H8287 (Fig. 10). GK. H8288
and IGPS.86187D. There may be
extent of variation in the intensity ol the
rings, suggesting the approach of the Japanese
subspecies to I. pictus pictus.

UMUT. MM6478 (=Tk. [-687), which was
misidentified with concentricus
var. nipponica by Nagao and Matsumoto
(1939, pl. 24, fig. 2), is a member of the /.
pictus group, as Kauffman (1977a, p. 174)
suggested.  Its erect, suboval outline is gener-
ally similar to GK. H36A-C and its beak is as
acute as that in the latter. This left valve
looks more convex than GK.H36A and B,
but the latter is secondarily compressed and
the difference may not be great originally.
Its growth striae and rings are fine and weak
as those of the latter. Its major concentric
ribs may be more widely spaced than those of
the latter but are low and become undula-
tions in the late growth-stage. In short, this

some

Inoceramuis

been depressed secondarily, showing an well preserved specimen can be regarded as
Table 1. Measurements ol /. pictus on selected specimens.
Specimen \ h | 1/h H L L/H b b/H S s/L o S 0% J
GK. H306A L 41.0 270 .66 414 200 .63 128 .31 167 .64 90" 56° 128 068
GK. H36B L 380 287 .75 400 243 .61 11.6 .29 155 .64 80 60 130 65
GK. H36C L 500 390 .70 580 370 .64 150 26 230 .62 80 — 136" 03
GK. H36D R 78.0 590 .77 870 570 .65 168 .29 290 .51 83 — 135% —
GK. H29A L — — — 478 3066 .76 13.6 .28 22 60 85T 45 — 03
GK. H29B LL — — — 500 370 .74 190 .38 22 59 900 400 — 60
UMUT. MM06478 L 505 370 .73 538 350 .65 20.0 .37 19.0 .54 94 55 1377 68
BM. 44683 R 840 630 .75 91.0 635 .70 260 .28 85.0 .55 94 130" 60
USNM. 169399 L 540 380 .70 574 386 .67 — — 230 .60 87 — 1260 72
Heinz' L 580 390 .67 60.0 41.0 .68 220 .37 25?7 .61 88 — 180" 58
Crame’s R 0690 585 85 775 605 .78 — — - — 8 — 125 56
BM. 44683 =1. pictus, n. subsp. B of Kauffman (1978): USNM. 169399=1. pictus gracilistriatus

Kaulfman et Powell, 1977 ; Heinz = Heinz, 1933, pl. 16, figs. 3a. b: Crame’s= Crame, 1981, fig. 3¢ (both

measured on figures).

Linear dimension in mm.

«— Figures 7-9.  [noceramus pictus minus, sp. nov. Paratypes (continued) from loc. T843. Chirashinai.

Member I1b-c¢ (8) of Matsumoto (1942), mid-valley of the Teshio (T.M. Coll. in 1938).
with altered shell-layer(s) attaching on the major part). x1.2.

posture to show the acute apex of the beak, x
preservation), X 1.

1.2

7: GK.H29A (LV,
A dorsal view at the center is set in a special
8: GK. H29B (LV, similar to 7 in the mode of

9: GK. H29C (much distorted and deficient LV), x 1.
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being within the variation of this subspecies,
i. e, I.pictus minus.

Incidentally, roughly radial, irregular dark
markings on the shell surface of GK. H36E
might be traces of the original colour pattern.
They look similar to those which Woods
(1911, p.280) noticed on the holotype and
some other specimens.

Dimensions : — See Table 1.

Comparison : — The slenderly oval form
shown by the holotype and paratypes of this
subspecies from loc. T33 of Hokkaido is
fairly similar in the outline of shell to the
oblong form of 1. pictus pictus in the sense of
Troger (1967, pl. 3, figs. 1-3) from Germany,
but the latter has more convex valves. The
less convexity of the former may be, however,
due to the secondary compression. UMUT.
MM6478, described in the foregoing page, has
an outline of shell similar to that of the above
mentioned oblong form and this left valve
(see Nagao and Matsumoto, 1939, pl. 24, figs.
2a-c) is nearly as convex as No. 159 of Troger
(1967, pl. 3, figs. 1 a-c). The difference is in
the weakness of the ornaments in the speci-
mens from Hokkaido.

The less slender form represented by GK.
H29A and B from T843 of Hokkaido may be
comparable with such a form as Nos. 507D
and 422L, figured by Troger (1967, pl. 3, figs.
4 and 6) under [I.pictus pictus. It may
approach to [. pictus bannewitzensis Troger
(1967, p. 41, pl. 2, fig. 3; pl. 4, figs. 1-3) in its
tendency toward the increase of L/H (i. e.
“broadening the main part of the shell”), but
that subspecies has a more asymmetric axe-
like outline with projecting antero-ventral
part and much more inflated valved. The
deficient specimen GK. H29C from loc. T843,
if restored adequately, may not be much
different in shell-form from the holotype of /.
pictus pictus, being slightly more oblong.
The two specimens are, however, too much
distorted for precise comparison.

All of the above described specimens from
Hokkaido show finer and weaker growth
striae and rings than distinct and coarser ones

of the holotype and certain other examples
illustrated under 1. pictus or 1. pictus pictus.
In addition, the typical form of [I. pictus
pictus has moderately strong, concentric
major ribs or folds in the middle to late
growth-stages, but such a pronounced orna-
ment does not appear in the specimens from
Hokkaido, which have low and narrow ribs
or rather to say subcostae and/or low, con-
centric major undulations. On account of
these characters, they can be distinguished
from I. pictus pictus as a different subspecies.

With respect to the fine and weak growth
striae and rings and less convex valves, this
subspecies may resemble [. pictus gracili-
striatus Kauffman et Powell (1977, p. 56, pl.
1, fig. 3), from the lower part of the Hartland
Member (Upper Cenomanian) of Oklahoma,
but the latter is said to have coarser and
widely spaced major ribs. Keller (1982, p.
54) did not evaluate this subspecies, because it
was established on a rare find of a single
specimen. Kauffman and Powell (1977, p.
57) mentioned, however, that the same sub-
species occurs commonly in Colorado and
furthermore stated that some of the specimens
from Kamchatka described by Pergament
(1966, p. 55, pl. 30, figs. 2-4; pl. 27 misprint-
ed 29 by them, figs. 3,4) under [I. pictus
neocaledonicus are identified with [I. pictus
gracilistriatus instead of [I. neocaledonicus
Jeannet or the so-called [.pictus neo-
caledonicus. So far as figures are concerned,
some of Pergament’s specimens (e. g. 1966, pl.
27, figs. 3, 4; pl. 30, fig. 4) look more similar
to the subspecies from Hokkaido (i. e. I.
pictus minus) rather than to I. pictus gracili-
striatus.

The form from loc. T33, which includes the
holotype of this subspecies, may have origi-
nally less convex valves than those of 1. pictus
pictus and certain other subspecies, even if we
eliminate the effect of secondary compression.
It is, therefore, somewhat similar to /. pictus
neocaledonicus in the sense of Troger (1967,
p.50), but the latter has more distinctly
marked growth striae and coarser rings which
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are combined with low and wide major con-
centric undulation. Incidentally, BM.
L22259 (plaster cast GK. H9576), illustrated
by Woods (1911, pl. 49, fig. 6) conforms with
Troger's definition of [I. pictus neocale-
donicus, but BM. 44683 (Woods, 1911, pl. 49,
fig. 5) does not (see discussion in p. 13).

I disagree with Pergament (1966, p. 54) in
his assignment of [. etheridgei Etheridge Jr.

(1901, p.22) (=1. pernoides of Etheridge,

1872) 1o a subspecies of 1. pictus. 1. etherid-
gei of Etheridge (non Woods, 1911) is a
Lower Cretaccous (Albian) species from
Queensland and regarded by Ludbrook (1966,
p.-157, pl. 17, fig. 3) as a junior synonym of /.
carsoni M’Coy, 1865 (see also Crame, 1985, p.
498).

Then, what would be the specimens from
the Cenomanian of the Pacific region of the
USSR which were described as 1. pictus eth-
eridgei by Pergament (1966, p. 54, pl. 34, figs.
3-5; pl. 35, figs. 1,2) 7 Keller (1982, p. 64)
suggested that they may belong to the group
of Inoceramus virgatus Schliiter. In my ten-
tative opinion, some of them seem to be
related to, if not identified with, Inoceramus
takahashii Matsumoto et Noda (1986, p. 414,
pl. 84, fig. 1), from the Lower Cenomanian of
Hokkaido. However, without examining the
actual specimens, I hesitate to give a definite
answer.

I do not understand well the taxonomic
position of the form called I. pictus sackensis
Keller (1982, p. 67, pl. 2, figs. 4a, b), from the
Lower Turonian of Germany. Anyhow, it is
more distinctly inequivalve and has much
more pronounced, concentric rings and sub-
costae than [I. pictus minus.

To sum up, the described specimens from
Hokkaido represent a new subspecjes of [.
pictus, characterized by fine and weak concen-
tric rings and striae and weaker and narrower
concentric ribs or subcostae and/or lower
concentric major undulations. 1 interpret
tentatively that [I. pictus minus may be a
geographic subspecies of [.pictus in the
northwestern Pacific region.
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Occurrence : — GK. H36A-F were obtained
at loc. T33 from the greenish grey, fine-sandy
siltstone of Member IIb in the section along
the stream called Saku-gakko-no-sawa, a
tributary to the River Teshio facing the vil-
lage of Saku (see Matsumoto, 1942, route map
of pl. 12 for the location). Loc T33 is some-
what above loc. 5031B of Matsumoto and
Okada (1973, fig. 2), where Calycoceras cf.
bathyomphalum (Kossmat) was obtained.
This ammonite species is an element in the
Turrilites acutus assemblage of the Acantho-
ceras rhotomagense Zone in England (Ken-
nedy, 1971).  Therefore, the bed at loc. T33 is
probably correlated with the upper part of
Middle Cenomanian, but could possibly be
the lower part of Upper Cenomanian.

GK. H29A-C were in a calcareous nodule
from the mudstone in the lower part of
Member Il b-c (B), on the stream of the
Chirashinai (Tirashinai), a tributary to the
middle course of the River Teshio (see Matsu-
moto, 1942, pl. 12). Inoceramus ginterensis
Pergament was obtained at the same locality
(see Matsumoto et al., 1988, figs. 7-2-4), in-
dicating the Late Cenomanian age.

UMUT. MM6478 was not precisely record-
ed ; it was obtained somewhere in the middle
course of the River Obirashibe ; Desmoceras
( Pseudouhligella) sp. (compressed juveniles)
associated with it suggests a Cenomanian age.

GK. H8287, which should be called 7. cf.
pictus minus, was obtained at loc, RI110,
upper part of the Cenomanian in the section
along Highway 239 (see Matsumoto and
Okada, 1973, figs. 7, 8). GK. H8288, again /.
cf. pictus minus, came from loc. Ik 1039a on
the River lkushumbets, together with [I.
ginterensis, lower Upper Cenomanian, as in-
dicated by Eucalycoceras pentagonum
(Jukes-Browne) (Matsumoto, 1975). IGPS.
86187D and E were also from the nearby
locality (Ik 1038 ?) of the Ikushumbets in the
Upper Cenomanian, as indicated by associat-
ed Inoceramus nodai Matsumoto et Tanaka
and Tarrantoceras aff. stantoni Stephenson.

The number of the described specimens are
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not numerous. | expect that the same sub-
species would be found more frequently in
the Cenomanian sections in various areas of
Hokkaido and other places in Japan, so that
its stratigraphic range may be known more
clearly.

1. pictus, including a number of subspecies,
is said world-wide in the Upper Cenomanian
strata.  Strictly speaking, however, it may be
fairly difticult to know the true range.
Kauflman and Powell (1977, p. 56) wrote that
I. pictus pictus is limited to the late Middle
and Late Cenomanian rocks of North Amer-
ica and western Europe, without showing
details of the occurrence records.

The record of the earliest appearance is [.
pictus, n. subsp. B at or ncar the base of the
Zone of Mantelliceras dixoni (Lower
Cenomanian) of England (Kauffman, 1978 a,
p.iv. 5). This subspecies is also recorded to
occur in the Middle Cenomanian Turrilites
acutus Zone and disappears in the Upper
Cenomanian Metoicoceras gourdoni Zone.
Such a long ranging record discords with
what the same author (in Kauffman and
Powell, 1977, p. 54) expected for the species
and subspecies of “I. pictus lineage” as a
useful biostratigraphic tool for fine zonation
and global correlation.
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872. CALYPTOGENA (CALYPTOGENA) PACIFICA DALL (BIVALVIA)
FROM THE NEOGENE SYSTEM IN THE JOETSU DISTRICT,
NIIGATA PREFECTURE*

SABURO KANNO

I1-1, 7 chome, Shakujii-machi, Nerima-ku, Tokyo 177

KAZUTAKA AMANO

Joetsu University of Education,
Joetsu City, Niigata Prefecture 943

and
HIROMITSU BAN

No. 3 Elementary School,
Imaichi City, Tochigi Prefecture 321-12

Abstract. Calyptogena (s.s.) pacifica was discovered from the Neogene System in the
western part of Joetsu City. This species occurs from four localities in the turbiditic strata,
and its occurrences show the autochthonous in three localities whereas allochthonous in the
rest.  This species was associated with deep-sea bottom dwellers in all localities. At the
present, this species seems to be restricted in the Neogene System of western Hokkaido to
Niigata Prefecture along the Japan Sea. The ratios of shell height to length become small
as to shell growth, and the beaks situate more anteriorly in adult age than the younger onec.
The teeth fairly vary in their growth stages, and become more simple in adult than that of
younger one. There are some relationship between the growth of individuals of C. (s.s.)
pacifica and the size of their shell colonies. The shell colonies of fossil Calyptogena seem
to suggest an indicator of the extinct venting area in the geologic time. The writers pointed
out the confusion among the previous workers on the type locality of C. (s.s.) pacifica.
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Introduction

Dall (1891) established a new genus
Calyptogena based on C. pacifica collected
from off Dixon Entrance, southeastern Alas-
ka. Subsequently, Oldroyd (1924) reported
its occurrence from the Clarence Strait in
southeastern Alaska to Santa Barbara Chan-
nel in southern California. Afterward,
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Grant and Gale (1931), Okutani (1966), and
Boss and Turner (1980) studied this species
from the taxonomical and ecological points
of view. Bernard (1974) described the anat-
omy of this species collected from British
Columbia at the depth of 750 m and 915 m.
Tiba (1972) reported this species from the
Okhotsk Sea. According to these previous
authors, the living specimens distribute in the
off Dixon Entrance in north to the off Mexico
in south in the east Pacific and the Okhotsk
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Sea. This species is one of the muddy bot-
tom dwellers of deep-sea ranging from 500 to
1,200 meters (Bernard, 1974).

Fossil specics was reported by Dall (1903)
and Grant and Gale (1931) from the gass well
drilled in the Pliocene strata in Los Angeles.
Since Otuka (1937) reported this species from
the Pliocene Wakimoto Formation of Oga
Peninsula in Akita Prefecture, Otatume
(1942) described it from the Morai Formation
(Miocene) in the Ishikari Province of western
Hokkaido. Recently, the writers collected
several specimens of this species from the
Pliocene formations of Nadachi and Kawa-
zume, and the Miocenc Nodani Formation
distributed in the western part of Joetsu City
in southwestern Niigata Prefecture.

The stratigraphy and geologic structure in
this arca were studied by Fujimoto er al.
(1951), Nishida er al (1966), Akahane (1975),
Chihara (ed., 1977), Tsuda et al. (1981) and
Amano er al. (1987), which are summerized
as shown in Table 1.

The main purpose of this paper is to
describe the first occurrence of Calyptogena

(s.s.) pacifica from the Neogene System in the
Joetsu district, and to compare the Joetsu
specimens with the Dall's type as well as other
recorded specimens. Furthermore, the
writers pointed out that the occurrence of
fossil colonies of Calyptogena seems 10 sug-
gest the extinct venting arca in the geologic
time.

The writers wish to express their thanks to
the late Professor Myra Keen, Stanford Uni-
versity, for her encouragement to the present
work. Thanks are due to Professor Hiroshi
Noda of the University of Tsukuba and
Professor Hideo Kagami of Kochi University
for their kind information on some recent
literatures concerning to the deep-sea mol-
lusks.  The writers are indebted to Mr. Hiro-
shi Nagai and Miss Satsuki Koganezawa for
their cooperation in the field work when they
were students of Joetsu University of Educa-
tion.

Fossil localities and fossil occurrences

Loc. I. River bed of the Nakanomata River,

Table 1. Stratigraphic sequence of the Tertiary System and its characteristics in the western part of
Joetsu City, Niigata Prefecture.
Age Formations Lithofacies Thickness Characteristic mollusks
Tanihama F. TufTaccous siltstone 40 m+
Acila (Truncacila) insignis (Gould)
750 Nuculana (Nuculana) onovamai Otuka
Nadachi F Gray mudstone and silt- VS Portlandia (Portlundella)
° ’ stone 1100 m tovamensis Kuroda
o .
g Deleciopecten peckhami (Gabb)
£ Calyprogena pacifica Dall
o S vy
. - olemya sp.
Alternation of siltstone and 600 yasp.
o . . Conchocele disjuncta Gabb
Kawazume F. conglomerate with peb- f Luci wtili C |
ble-bearing mudstone 700 m ucinoma acutilineata (Conrad)
Calyprogena pacifica Dall
Acila sp.
Up.: Dark gray mudstone 1300 Portlandia (Portlandella)
N . and siltstone lischkei (Smith)
Ndodani F. . . f ..
o Low.: Alternation of sand- 1700 m Conchocele disjuncta Gabb
§ stone and mudstone Calyptogena pacifica Dall
= Macoma sp.
= S Alternation  of mudstone
Nishihiyama . . : 9
F o and sandstone with peb- 600 m+| Calyptogena?  sp.
ormation .
ble-bearing mudstone
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a tributary of the Kuwatori River, about 350
m downstream from Zokan Bridge in Na-
kanomata, Joetsu City (Figure 1).

Lithofacies : Small-sized calcarcous con-
cretions (about 5-10cm in diameter) in a
dark gray mudstone of the alternation of
thin-bedded sandstone (about 2cm thick)
and a dark gray, thick mudstone (about 2 m
thick) of the Nédani Formation (Fujimoto er
al., 1951 ; Nishida er al., 1966 Tsuda et
al., 1981).

Loc 2. River bed of the Todomeki-zawa,
a small tributary of the Nakanomata River,
about 750 m upstream from Shoei Bridge in
Nakanomata, Joetsu City (Figure ).

Lithofacies : Fossiliferous calcarcous con-
cretions in a dark gray, stratified mudstone of
the alternation of sandstone and mudstone of
the N6dani Formation.

Loc. 3. River bed of the Kuwatori River,
about 20 m downstream from Doguchi Bridge
in Doguchi, Joetsu City (Figure 1).

Lithofacies : Gray mudstone of the alterna-
tion of thin-bedded siltstone (about 10cm
thick) and a rather thick, gray mudstone of
the Kawazume Formation (Fujimoto et al.,
1951 ; Nishida er al., 1966 ; Tsuda et al.,
1981).

Loc. 4. A roadside cliff close to the Nada-
chi Signal Station of JR-railway, along the
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Figure 1. Index map of the fossil localities of
Calyptogena (s.s.) puacifica Dall.

Route 8 in Nadachi Town, Nishikubiki-gun,
Niigata Prefecture (Figure 1).

Lithofacies: Dark gray, massive mudstone
of the Nadachi Formation (Fujimoto et «l.,
1951 ; Nishida et al., 1966 ; Akahane, 1975 ;
Tsuda et al., 1981 ; Amano et al., 1988).

The molluscan fossils from Loc. | occur
from calcareous concretions in a dark gray
mudstone of the No&dani Formation.
Among the molluscan fossils, Calyptogena
(s.s.) pucifica is chiefly concentrated in some
small concretions with their original chalky
shells.  The molluscan fauna consists of the
following species: Solemya sp. (3), Calypito-
gena (s.s.) pacifica (14) and Neptunea cf.
modesta (Kuroda) (2*). (*Numbers in paren-
thesis show the number of collected individ-
uals). Excepting for Calyptogena, other
mollusks occur sporadically from a gray,
massive mudstone.

The occurrence of molluscan fossils from
Loc. 2 is the same as that of Loc. I, but only
one articulated specimen of C. (s.s.) pacifica
obtained from a calcareous small concretion
in a dark gray mudstone of the Noédani
Formation.

The molluscan fossils from Loc. 3 occur
from a rather thick, gray mudstone as;
Solemya sp. (1), Conchocele disjuncta Gabb
(4), Lucinoma acutilineata (Conrad) (1) and
C. (ss.) pacifica (7). Calyptogena (s..)
pacifica occurs from a small-sized calcareous
concretion and also occurs sporadically from
a mudstone associated with other articulated
bivalves listed above.

The molluscan fossils from Loc. 4 occur
from a grayish white, massive mudstone of the
Nadachi Formation. The fossils are mostly
represented by internal or external molds.  In
addition, they occur concentrically in rather
small area as they were swept together in a
horizon, in which most bivalves are represent-
ed by disarticulated ones or its fragments.
The identified mollusks from this locality are
as follow: Solemya (Acharax) tokunagai
Yokoyama (1), Nuculana pernula (Miiller)
(1), Limatula cf. valadivostokensis (Scarlato)
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(), C. (ss.) pacifica (52), Lucinoma
acutilineata (2), Conchocele sp. (1), Cylich-
na? sp. (1) and Gadilia ? sp. (1).

Characteristics of molluscan fauna

Judging from the fossil occurrences of the
studied area, the molluscan faunas from Locs.
1 to 3 represent undoubtedly autochthonous
fauna, but the rest, Loc. 4 seems to be an
allochthonous one. However, the original
habitat seems to be almost the same environ-
ment as that of the molluscan faunas from
Locs. 1 to 3, because most species from Loc. 4
are almost muddy bottom dwellers.

According to Turner and Lutz (1984),
Calyptogena magnifica Boss and Turner is
one of the most common members of the
macrofauna at many deep-sca vent- or seep-
sites of the Galapagos Rise and the East
Pacific Rise in the depth of about 2450 to
2700 merters, where the marine water tempera-
ture is measured about 2°C (Ballard, 1983;
Tokuyama et al., 1984). On the other hand,
according to the results of the first direct
scientific observation of the deep-sea trench
bottoms around Japan, “The Kaiko Project”
which was held by the joint investigation of
France and Japan in 1984-85, the colonies of
deep-sca bottom dwellers consist essentially
of Calyptogena (Fujioka er al., 1987 ; Ohta
and Laubier, 1987). These colonies were
found around the subduction zones of the
landward walls of the Japan and Kuriles
Trenches (Boulégue et al., 1987 ; Fujioka er
al., 1987). In particular, the major deep-sea
shell colonies are closely related with the
reverse faults or fractures arranging parallel
to the axis of trench. The methane-charged
water was found from the deep-sea vents or
seeps along these reverse faults or fractures
(Fujioka et al., 1987). Moreover, the vents
or seeps of interstitial water take place in
these areas in the depth ranging from 3800 to
5900 meters, where it measures 1.63°C whereas
1.19°C of the water temperature at the outside
of these vents or seeps (Fujioka er al., 1987).

The above-mentioned data may lead to the
following conclusion that Calyptogena is one
of the characteristic constituents of the deep-
sca macrofauna and such deep-sea fauna may
be sustained by chemostynthetic energy
sources of connate water seepages along the
reverse faults and fractures in the continental
slopes.

Relationship between the growth of
Calyptogena and size of shell colony

Compared with the occurrence of Calypio-
gena (s.s.) pacifica from the Morai district in
Hokkaido and the Joetsu district in Niigata
Prefecture, somewhat large shell colonies of
about 1 10 2 meters in diameter are dominant
in the former, but very small shell colonies of
about 5 to 10cm occur in the latter. At a
glance of Figures 4 and 5, C. (s.s.) pacifica
seems to increase its shell size in propotion to
the size of their shell colonies. The Joetsu
specimens seem to represent rather young
specimens.

The present writers estimate that the
difference of size of shell colonies seems to be
reflecting the difference of favorable condi-
tion for the growth of shell. According to
the recent studies by the French-Japanese
Project (1984-85) (Boulégue et al., 1987,
Dron et al., 1987, Fujioka et al., 1987, Ohta
et al., 1987), it becomes clear that the size of
shell colony of Calyprogena seems to be due
to the duration of favourable condition vent-
ing the methane-charged water from the active
reverse faults. Such vents or seeps distribute
chiefly along the reverse faults on the land-
ward wall of the subduction zones of the
Nankai Trough as well as the Kuriles and
Japan Trenches as reported by the Fujioka er
al. (1987).

The shell colonies grown up by the
insufficient amount of venting water or by the
comparatively short duration of active vents
seem to be small ones and also their constitu-
ents might be unable to reach their own full
growth. This may be the reason of the
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difference of size of Calypiogena (s.s.)
pacifica from the Morai and Joetsu districts.

From the above consideration, the writers
estimate that the size of shell colony of fossil
Calyptogena seems to be one of the important
indicators of the extinct venting arca in the
ancient geologic time.

Systematic description

Family Vesicomyidae Dall, 1908
Genus Calyptogena Dall, 1891
Subgenus Calyprogena s.s.

Calyptogena (s.s.) pacifica Dall, 1891

Figures 3, 4, 7-1—15

Calyptogena pacifica Dall, 1891, p. 190 ; 1895, p. 713,
pl. 25, figs. 4,5 1903, p. 1435-1436; 1921, p. 32
Oldroyd, 1924, p. 116; Grant and Gale, 1931, p.
278-279, pl. 13, figs. 13a-b; Thiele, 1935, p. 848 ;
Otuka, 1937, fig.; Otatume, 1942, p. 435-437, pl.
16, figs. 1-12; Okutani, 1966, pl.27, figs. 1,3;
Keen, 1969, N664, fig. E138, [1a-b; Tiba, 1972, p.
155, pl. 19, figs. 6, 6a; Habe, 1977, p. 237.

Unio moraiensis Suzuki, 1941, p. 55-56, pl. 4, figs. 2-
5.

Calyptogena (Calyptogena) pacifica, Bernard, 1974,
p. 11-13, pl. 12, figs. A, 2A, 3A, 4A-D; Boss and
Turner, 1980, p. 188-189, figs. Ba-b, Ca-b.

Type locality : Off Dixon Entrance of
southeastern Alaska in 322 fathoms, where
the bottom material consists of mud and the
bottom temperature is measured about 5.7°C
(Dall, 1891). Though Dall (1891) reported
the type locality of the species is off Dixon
Entrance, he (1895) also described its type
locality is in the Clarence Strait in southcast-
ern Alaska (Figure 2). However, the station
number of the Albatross is the same in his
both reports as #3077 in a depth of 322
fathoms. Boss and Turner (1980, p 179) de-
scribed the location of the Albatross station #
3077 is in 55°46’N and 132°24’W in 580 m in
depth. Their location drops in the Clarence
Strait. However, the depth of the Clarence
Strait is undoubtedly shallower than 322

fathoms as shown in the geographic map by
Boaranov er al., 1967 (Figure2). Accord-
ingly, the Albatross station # 3077 should be
in off Dixon Entrance where the sca-bottom is
a part of continental slope in the Pacific
Occan.

Examined specimens : Most specimens col-
lected from Locs. 1-3 are rather well preserv-
ed with white, thick, chalky shells of
articulated valves, but the specimens from
Loc. 4 are mostly represented by internal or
external molds.

Remarks : Although, these specimens are
somewhat smaller than the Dall’s type speci-
men (Figure 3), their characterisics arc quite
same as the type specimen (Dall, 1891, 1895 ;
Bernard, 1974 ; Boss and  Turner, 1980).
Particularly, the deep muscle scars, staut liga-
ment and hinge apparatus as well as the shape
of shell serve to distinguish it from the other
known species. However, the hinge tecth of
the species are somewhat different from their
respective growth stages.

The right valve of the young specimen
provides subumbonal cardinal tooth consist-
ing of hook-shaped element (Figures 3a-3b, 4
-C —D, and Figure 7-13), which separates
into two dental elements of 3a and 3b as
growth of shell. In the inside of the hook-
shaped clement, there is a reverse chevron-
shaped clement (Figures4-C and D, and
Figure 7-13), which seems to be the
unspecialized hinge apparatus of Al and I
Alll is scarcely recognized at the end of hinge
plate of very young specimens. Pl is not
clear because of poor preservation. How-
ever, judging from the scarcely preserved
posterior lateral socket in a very young left
valve, (Figure 4-E, and Figure 7-15), Pl may
possibly provide in the very young right
valve. The hinge apparatuses vary with their
growth into more simple one, e.g., Alll, Al
and PI disappear in somewhat large shell, and
the posterior cardinal tooth (3b) runs poster-
iorly from beneath umbo to the the beginning
of nymphal callosity (Figure 4-A). Okutani
(1966) described the dental formula of young
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Figure 2. Geographic map around the Dixon
Entrance and the Clarence Strait in southeastern
Alaska. 1. Queen Charlotte Is. 2. Prince of Wales
Is. 3. Baranof Is. 4. Zarembo Is. 5. Etolin Is.
6. Revillogiged Is. 7. Gravina Is.

specimen by the method of Bernard and
Muniel-Chalmas (Moore et al., 1952
Shrock and Twenhofel, 1953 ; Hayami, 1962)
as follow ; R: AIIl 3a (I) 3b. Though more
younger specimens provide a posterior lateral
tooth (PI), the more grown-up valves at hand
show the more simple dental formula as
stated in the foreging lines.

In left valve, the subumbonal cardinal
tooth is more or less curved ventrally as
hook-shaped small element (Figure 4-E, and
Figures 7-4, 7, 14, 15) with central socket.
This is referred to the anterior ramus (or
anterior dorsal cardinal tooth, possibly 2a)
and central ramus (or posterior central tooth,
possibly 2b). Posterior subumbonal cardi-
nal tooth radiates posteriorly from the
beneath umbo to the beginning of the
nymphal callosity. Though the dental for-
mula of younger specimen shows as L: All

2a 2b 4b (Okutani, 1966), some younger speci-
mens at hand provide the posterior lateral
socket as shown in Figure 4-E, and Figures
7-4,15. The dental formula of more grown-
up valves show the more simple one, e.g.. L:
2a 2b 4b. Then, the dental formula of the
species seems to develop during the growth of
shell as shown in the following way :

L3 All (2a 2b) 4b PII  PIV
Smaller shell : R: AL 3a (AL D 3b Pl*

di , Lz All 2a 2b 4b
Intermediate one : TR T
2a 2b 4b

R:3 1 3b

Somewhat larger one:

( Yeeenen Unspecialized teeth; *...... Uncer-
tainly observed teeth.

Form ratios of shells : The shell form of
Calyptogena (s.s.) pacifica is fairly variable as
to its growth stages as shown in Figures 5 and
6; e.g., 1) the ratios of height to length
decrease gradually from small shell to large
one; 2) form of shell is rather rounded-ovate
in the small shall, but it varies gradually into
somewhat elongate-ovate with their growth.
Beaks situate somewhat behind the anterior
end of shell in smaller shell, but it is gradu-
ally close to the anterior end with growth of

3cm

Figure 3. Holotype of Calyptogena (s.s.)
pacifica Dall, reproduced from Dall (pl. 25, figs. 4, 5,
1895).
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shell (Figure 6).

The results of measurements including the
type and previously described specimens are
shown in Figures 5 and 6. Judging from the
results, the Joetsu specimens seem (o represent
rather young, immature specimens compared
with the specimens recorded from other local-
ities. Regardless the geologic age of both
specimens from the Morai and Joetsu districts
is almost the same, the specimens came from
the latter are fairly smaller than that of the

'
[
’ . '

TR
PIVSPIInc 4b (2b

S —

Figure 4. Devclopment of hinge apparatus
with growth of shell. A-C, development of hinge
apparatus of right valves; D, showing the hook-
shaped unspecialized 3a and 3b and the posterior
lateral tooth in young right valve ; E, very young left
valve, showing the primitive posterior lateral socket
and hook-shaped unspecialized 2a and 2b. nc----
nymphal callosity ; s---.socket; ( )----unspecial-
ized teeth ; *....uncertain teeth.
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Figure 5. Ratios of height to length of
Calyptogena (s.s.) pacifica Dall ; 1, holotype of Dall
(1891): 2, paratype by Okutani (1966); 3, off
Oregon by Keen (MS); 4, Grant and Gale (1931);
5-7, Loc. 1, Nodani Formation; 8-9, Loc. 3, Ka-
wazume Formation; 10-13, Loc. 4, Nadachi Forma-
tion; 14-23, Morai Formation (14-16, by Kanno,
MS; 17-19, by Suzuki, 1941 ; 20-23, by Otatume,
1943) : 24, Wakimoto Formation by Otuka, (1937).
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Figure 6. Ratios of the length (La) measured
from beak to the anterior end to shell length (L) of
C. (s.s.) pacifica Dall. The numbers are the same as
in Figure 5.
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former. This may be due to the difference of
their geologic and biologic environment dur-
ing the growth of these specimens. This
problem will be discussed in detail in another
article.

References cited

Akahane, S., 1975 Stratigraphy and geologic struc-
ture of the Neogene System in the mountainland
of the west of Joetsu City, Niigata Prefecture (in
Japanese). Jour. Geol. Soc. Japan, vol. 81, no.
12, p. 737-754.

Amano, K., Kanno, S., Ichikawa, A. and Yanagi-
sawa, Y., 1987 : Molluscan fauna from the Tani-
hama Formation in the western part of Joetsu
City. —Studies on the molluscan fossils from
the western part of Joetsu district, Niigata Prefec-
ture (Part 2). —  Bull. Joetsu Univ. Educ., vol.
6, Sec. 3, p. 157-170, pls. 1-2.

——, Ichikawa, A. and Koganezawa, S., 1988 : Mol-

luscan fauna from the Nadachi Formation
around Osuga Bridge in Nadachi Town,
Nishikubiki-gun (in Japanese with English

abstract).  Ibid., vol. 7, Sec. 3, p. 63-71, pls. 1-

2

Ballard, R. D., 1983: Exploring our living planet.
366 pp. Nat. Geogr. Soc., Washington D.C.

Baranov, A. N., Lysiuk, V. N. and Shurov, S. 1.,
1967 : The world atlas. Chief Administation
of Geodesy and Cartography under the Coun-
cil of Ministers of the USSR. 250 pp. Mos-
cow.

Bernard, F. R., 1974: The genus Calyptogena in
British Columbia with a description of a new
species (Bivalvia, Vesicomyidae). Venus, vol.
33, no. I, p. 11-22, text-figs. 1-4.

Boss, K. J. and Turner, R. D., 1980: The giant
white clam from the Galapagos Rift, Calypio-
gena magnifica, species novum. Malacologia,

vol. 20, no. I, p. 161-194.

Boulegue, J., Benedetti, E. L., Dron, D., Mariotti, A.
and Letolle, R., 1987 : Geochemical and biogeo-
chemical observations on the biological com-
munities associated with fluid venting in Nankai
Trough and Japan Trench subduction zones.
Earth Planet. Sci., Letter, no. 83, p. 343-355.

Chihara, K., ed ., 1977.  Geological map 1 : 200,000
of Niigata Prefecture and its explanatory text.
493 pp. Niigata Prefecture.

Dall, W. H., 1891 : On some new or interesting west
American shells obtained from the dredgings of
the U.S. Fish Commission Stecamer Albatross in
1888, and from other sources. Proc. U.S. Nat.
Mus., vol. 19, no. 849, p. 173-191, pls. 5-7.

——. 1895 Scientific results of explorations by the
U.S. Fish Commission Steamer Albatross. No.
XXXIV—Report on Mollusca and Brachiopoda
dredged in deep water, chiefly near the Hawaiian
Islands, with illustrations of hitherto unfigured
specimens from Northwest America.  1bid., vol.
17, no. 1032, p. 675-733, pls. 23-32.

——, 1903 : Contribution to the Tertiary fauna of
Florida with special reference to the Silex-beds of
Tampa and the Pliocene beds of the Calooshat-
chie River, including in many cases a complete
revision of the generic groups treated of and their
American Tertiary species. Part II. Concluding
the work.  Trans. Wagner Free Inst. Sci. Phila.,
no. 3, p. 1219-1654, pls. 1-13.

——, 1921 : Summary of the marine shell-bearing
mollusks of the northwest coast of America, from
San Diego, California, to the Polar Sea, mostly
contained in the collection of the United States
National Museum, with illustrations of hitherto
unfigured species. Bull. U.S. Nat. Mus., no.
112, p. 1-217, pls. 1-22.

Dron, D., Boulegue, J., Taira, A. and Rangin, C,,
1987 : Geochemistry of the biological commu-
nity (Kaiko). Earth Planet. Sci., Letter, no. 83,
p. 356-362.

Fujimoto, N., Fujita, K., Komatani, I., Morishita, A.,

<«— Figures 7-1—15.  Calyptogena (s.s.) pacifica Dall 1-2. Articulated specimens from Loc. 1 ; 1a, left
valve, X2.1; 1b, umbonal view, showing the staut ligament of 1a, X1.9; 2, X 1.8. 3. Rubber-cast of left
valve from Loc. 2, X 1.2. 4-5. Hinge plate of young specimens of left valves from Loc. 2 ; 4, showing the
unspecialized cardinal tooth with hook-shaped clement (possibly 2a and 2b) and scarcely recognized
posterior lateral socket, X 3.7; 5, rubber-cast, showing the unspecialized subumbonal tecth, x2.0. 6.
Right valve, missing the posterior part of shell from Loc. 3, x1.7. 7. Rubber-cast of hinge plate of left
valve, showing the unspecialized subumbonal teeth from Loc. 3, X 1.6. 8, 12. Right valves from Loc. 4 8,
rubber-cast, X 1.3; 12, inner mold, showing the distinct muscle scars. 9-11. Left valves from Loc.4; 9
and 11, rubber-cast, X 1.5; 10, inner mold, x3.0. 13-15. Rubber-casts of the hinge teeth of younger
specimens from Loc. 4; 13, right valve, showing the hook-shaped cardinal tooth, possibly unspecialezed 3a
and 3b, and reverse chevron-shaped subumbonal clement, possibly unspecialized Al and 1, X 3.0; 14-15,
hinge teeth of left valves, showing the unspecialized cardinal tooth with hook-shaped elements (possibly 2a
and 2b), X 1.9: 15, younger specimen, showing the posterior lateral socket corresponding 1o PI, x3.0.



34 Saburo Kanno et al.

Sawai, K. and Sumita, M., 1951: On the
Neogene deposits in the Nishikubiki district,
Niigata Prefecture (in  Japanese). Chigaku
(Earth Science), no. 3, p. 23-30.

Fujioka, K., Taira, A., Kobayashi, K., Nakamura, K.,
liyama, T., Cadet, J-P., Lallemand, S. and
Gerard, D., 1987: 6000 meters deep : A trip lo
the Japanese Trenches photographic records of
the Nautile dives in the Japanese subduction
zones, eddited by Kaiko 11l Research Group.
104 pp. Univ. Tokyo Press, Ifremer, and CNRS.

Grant, U. S. and Gale, H. R., 1931 : Catalogue of the

marine Pliocene and Pleistocene Mollusca of

California and adjacent regions. Mem. San
Diego Soc. Nat. Hist., vol. 1, no. 1, p. 1-1036,
pls. 1-32.

Habe, T., 1977 Systematics of Mollusca in Japan.
Biavalvia and Scaphopoda (in Japanese). 372
pp., Hokuryu-kan, Tokyo..

Hayami, L., 1962: On the dentition formula of the-

heterodont pelecypods (in Japanese).  Fossils,
no. 4, p. 67-78.

Keen, M. A, 1969 : Family Vesicomyidae Dall, 1908.
In, Moore, R.C. ed., Treatise on inveriebrate
paleontology, part N, vol.2, Mollusca 0,
Bivalvia, N491-952, Geol. Soc. Amer. and Univ.
Kansas. Press.

Moore, R.C., Lalicker, C.G. and Fischer, G.G.,
1952 : Invertebrate fossils. 766 pp., McGraw-
Hill Book Comp. Inc., New York.

Nishida, S., Tsuda, K. and Ichimura, S., 1966 : On the
Neogene deposits of the northern part of the
Fossa Magna region. —Studies of the so-called
Nanbayama Formation, Part 1— (in Japanese
with English abstract).  Bull. Geol. Miner. Inst.,
Fac. Sci., Niigaia Univ., no. 1, p. 1-14.

Ohta, S., and Laubier, L., 1987 : Deep biological
communities in the subduction zone of Japan
from bottom photographs taken during
“Nautile™ dives in Kaiko Project.  Earth Planer.
Sci., Letter, no. 83, p. 329-342.

Okutani, T., 1966: ldentity of Calyprogena and
Akebiconcha (Bivalvia, Cyprinidae) (in
Japanese with English summary). Venus, vol.
24, no. 4, p. 297-303, pls. 27-28.

Oldroyd, 1.S., 1924 : Marine shells of the West Coast
of North America. Stanf. Univ. Publ., Univ.
Ser., Geol. Sci., vol. 1, no. 1. p. 1-247, pls. 1-57.

Otatume, K., 1942: On the occurrence of fossil
Calyptogena from the Ishikari Oil-Field. Hok-
kaido (in Japanese with English abstract).
Jour. Geol. Soc. Japan, vol. 45, no. 590, p. 435-
437, pl. 16.

Otuka, Y., 1937 : Occurrence of Calyptogena pacifica
Dall from Wakimoto on Oga Peninsula (in
Japanese). Ibid., vol.44, no.522, p.231, |
Text-fig.

Shrock, R. R. and Twenhofel, W.H., 1953 : Principles
of invertebrate paleontology (2nd ed.). 816 pp.
McGraw-Hill Book Com. Inc.. New York.

Suzuki, K., 1941 : Three new species of non-marine
shells from the Tertiary formations of Hokkaido
and Karahuto. Japan. Jour. Geol. Geogr.. no.
18, p. 53-58, pl. 4.

Thicle, J., 1935: Handbuch der systematischen
Weichtierkunde. Gustav Fischer, Jena. vol. 2,
no. 3, p. 779-1022.

Tiba, R., 1972 : Some interesting shells from the Sca
of Okhotsk and Bering Sca.  Venus, vol. 30, no.
4, p. 153-156, pl. 19.

Tokuyama, A., Ozawa, T. and Nishimura, T. (Ichik-
awa, M. ed.), 1984 : Exploring our living planet
(Japanese edit.). 380 pp., Fukutake Publishing
Co. Lud., Tokyo.

Tsuda, K., Shirai, K., Hasegawa, Y. and Shinkawa,
K.. 1981: Subsurface geological map, “‘Ta-
kadaseibu", scale 1: 50,000. Niigata Prefec-
ture.

Turner, R. D. and Lutz, R. A., 1984 : Growth and
distribution of mollusks at deep-sea vents and
seeps.  Oceanus, vol. 27, no. 3, p. 54-62.

Nadachi Formation #3728, Doguchi Bridge

4 045, Nakanomata 7/ #£, Joetsu City

L#idT, Nodani Formation #84: &8, Kawazume Formation JI|FERE, Shoci Bridge IH
548, Kuwatori River ZHJIl, Wakimoto Formation f#AE, Morai Formation 3k
&, Zokan Bridge #5158,

FBE |- 0 =R Calypiogena pacifica Dall 125U ~T : Calypiogena pacifica
Dall i34tk 7 7 A h DKFERRA K — Y 7EICHET 2, LALLTEA Y 711
=Y EHOEYH, KHEBEXES L OtEEE R RO ~hHFHr ML T
b, ZOULEMHITO LB~ EHK L EBORELREL DT, LOERSY
IS DO CIRES L, AR 2 — ¢ 2 1 FHRORETOAKERM (8 5~10 cm) shic
ELCEHTAZENS 0, SN ODERTENERCIEEED b DIBE~HIV S0y,
FEABETIEBECHOKN LT EHRT 2 EBEORE JCIBEErHD L SR
2B, Thobb, K& LBEENFORRER LS eBEERORKERL D LKREL,



872. Calyptogena pacifica from Joetsu district

CHBABBOEBRBICIALDEHETE IS, ABIX hot vent % cold vent fHF 4R
L, EEERBICI-TERBLTVAZEAHBLTEL, coBAckTEd{na
Calyptogena DEEBEDHEEX I W EF THMWEBOMBEREL RETHEN LTI,
Wb 2BbDETRL 5,

AEIHEOBE THEOWABRLROWMILENT 5, Tivbh, HFO&KEICIIATHRA
WHAEETAIDDL I THEN, BETHECONTI N LAHEEL, PRHTIITRBEEL
Ferp R EEA G AT B, T, BETACONTHREFBIEL Y, REXI A
MEBTAHLIKD, TEZER - REFFNZE « £ K

35



Trans. Proc. Palacont. Soc. Japan, N.S.. No. 153, pp. 30-47. 4 Figs.. April 30, 1989

873. A STUDY OF CORBULA AND NIPPONICORBULA (BIVALVIA)
FROM THE CRETACEOUS OF JAPAN*
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Abstract.

which were referred 10 Nipponicorbula, Corbula and Eoursivivas.

This paper contains the revised descriptions of five species from Japan,

The genus Eoursivivas is

ranked down to the subgenus of Corbula, and Corbula (Varicorbula) ushibukensis Tashiro

et Otsuka is transferred w0 Corbula (Bicorbula).

In addition, a new species of Corbula

(Bicorbula) is established on the material from the Maastrichtian Upper Himenoura Sub-

group of Kumamoto Prefecture.

The environments inhabited by Nipponicorbula mifunensis

Ota and Nipponicorbula mashikensis Tamura are discussed.

Key words.

Introduction

Hase (1960) reported Corbula imamurae
Hase and C. matsumotoi Hase from the

" Cretaceous formations in the western part ol

Chugoku and central part of Kyushu. The
latter was regarded as a species of the genus
Eoursivivas Ota by Ota (1964), but Ota (1964)
little contrasted the genus Eoursivivas with
Corbula.

Numerous specimens of the genus Corbula
were collected from the Upper Cretaceous
Himenoura Group in Amakusa-Shimojima
Island, Kyushu (Tashiro, 1976), but for some
reasons, they were mostly left undescribed,
except for C. ushibukensis Tashiro et Otsuka,
1982 from the uppermost formation of the
Upper Himenoura Subgroup.

The genus Nipponicorbula was established
by Ota (1960) based on the material from the
Mifune Group in Kumamoto Prefecture.
Kozai (1987) pointed out that the specimens
(UMUT MM7841 and 7844) which were treat-
ed once by Matsumoto (1938) should be refer-

*Received July, 15, 1988 revised
accepted December 1, 1988
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Corbula, Nipponicorbula, Cretaccous. Non-maine bivalvia

red to Nipponicorbula mifunensis Ota.

In this paper, six species, including a new
one, are described on the specimens collected
from several localities in Kyushu. On this
occasion, some of the previously established
species are revised on the basis of better
preserved specimens of subsequent collec-
tions.

The specimens described in this paper are
kept mostly in the Geological Collections of
Kochi University, Kochi (KSG), and partly
in the Department of Geology, Faculty of
Science, Hiroshima University, Hiroshima
(IGSH), Dcpartment of Earth Sciences, Fu-
kuoka University of Education, Akama
(GT), and Geological Collections of Kyushu
University, Fukuoka (GK).

Fossil localities

Loc. 1. (=Loc. 17 in Tashiro, 1976) Dark-
gray sandy shale in the Upper Himenoura
Subgroup, on a coast, about 750 m southeast
of Gungaura, Amakusa-cho, Amakusa-gun,
Kumamoto Prefecture (Figure [-B). Maas-
trichtian (sec Tashiro, 1976).



873. Corbula and Nipponicorbula from Japan 37

Loc. 2. (=Loc. 016 in ditto) Ditto (Figure
1-B).

Loc. 3. (=Loc. 012 in ditto) Dark-gray
shale in the Upper Himenoura Subgroup, on
the coast, about 500 m south of Gungaura,
Amakusa-cho, Amakusa-gun, Kumamoto
Prefecture (Figure [-B). Maastrichtian (see
Tashiro 1976).

Loc. 4. (=Loc. 14 in Kozai, 1986) Dark-
gray sandy shale in the upper part of the
Kawaguchi Formation on the roadside, the
outcrop of Sakayoriue, Toyo-mura, Yatsu-
shiro-gun, Kumamoto Prefecture (Figure 1-
A). Upper Valanginian to Lower Hauter-
ivian (see Tashiro and lkeda, 1987).

Loc. 5. (L=Loc. 13 in Kozai, 1986) Dark-
gray sandy shale in the upper part of the
Kawaguchi Formation on the northeast side
of the River Kumagawa, near Kawaguchi,
Sakamoto-mura, Yatsushiro-gun, Kumamoto
Prefecture (Figure 1-C). Ditto.

Loc. 6. Dark-gray shale in the upper part of
the Kawaguchi Formation on the roadside
outcrop of the Tanoura Tunnel, Tanoura-
cho, Ashikita-gun, Kumamoto Prefecture
(Figure 1-D). Valanginian to Hauterivian
(see Matsumoto et al., 1982).

Loc. 7. (=Loc. 12 in Kozai, 1986) Siltstone
in the lower part of the Kawaguchi Forma-
tion on the coast of Tanoura, Tanoura-cho,
Ashikita-gun, Kumamoto Prefecture (Figure
1-D). Valanginian to Hauterivian (sec
ditto).

Loc.8. (=Loc.6 in Kozai, 1987) Fine-

grained sandstone in the lower formation of

the Mifune Group, exposed on the river side,
about 500 m east of Kitakawauchi, Yabe-cho,
Kamimasuki-gun, Kumamoto Prefecture
(Figure 1-E-1). Cenomanian (see Tamura,
1977, 1979).

Loc.9. (=Loc.8 in Kozai, 1987) Fine-

grained sandstone in the lower formation of

the Mifune Group, at the roadside outcrop,
about 1.5 km east of Kawauchida, Mifune-
cho, Kamimasuki-gun, Kumamoto Prefecture
(Figure 1-E-2). Cenomanian (see dittos).
Loc. 10. (=Loc. 12 in Tamura, 1977, 1979)

Fine-grained sandstone in the lower forma-
tion of the Mifune Group, at the roadside
outcrop, about 1.6 km cast of Kawauchida,
Mifune-cho, Kamimasuki-gun, Kumamoto
Prefecture (Figure 1-E-2).  Cenomanian (see
dittos).

Loc. Il. (=Loc. Ki7 in dittos) Fine-
grained sandy shale in the lower formation of
the Mifune Group, at the roadside outcrop,
about 1 km northeast of Kinosue, Mifune-
cho, Kamimasuki-gun, Kumamoto Prefecture
(Figure 1-E-3). Cenomanian (see dittos).

Loc. 12. (=Loc. 31 in dittos) Fine-grained
sandstone in the basal formation of the
Mifune Group at a quarry, about 2 km cast of
Tatsuno, Mifune-cho, Kamimasuki-gun,
Kumamoto Prefecture (Figure 1-E-3).
Cenomanian (sce dittos).

Loc. 13. (=Loc. 59, 61, 67, 72 in Hase,
1960) Shimonoseki area. See Hase, 1960, p.
301.

Systematic description

Family Corbulidae Lamarck, 1818
Subfamily Corbulinae Lamarck, 1818
Genus Corbula Bruguigre, 1797
Subgenus Bicorbula Fischer, 1887

Corbula (Bicorbula) pyriforma, sp. nov.

Figures 4-1—11

Material - — Holotype, KSG-K133,
internal mould of right valve from loc. 3; 15
paratypes ; KSG-K134, KSG-K136, KSG-
K137, from loc.2, and KSG-K135, KSG-
K138, KSG-K139 from loc.3, internal
moulds of right valves; KSG-K140, KSG-
K147, KSG-K 148, from loc. 3 and KSG-K 144
~KSG-K 146, from loc. 2, internal moulds of
left valves; KSG-K141, KSG-K143, left
valves from loc.2; KSG-K142, external
mould of left valve.

Diagnosis : - Medium-sized species of
Corbula characterized by elongated outline,
fine concentric ribs and thin hinge plate.
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Description : - Shell medium-sized, mod-
erately inflated, subpyriform in outline, lon-
ger than high ; right valve a little larger than
left; test comparatively thin; antero-dorsal
margin weakly .concave; anterior margin
semicircular ; posterodorsal margin nearly
straight ; ventral margin broadly arched ;
umbo small, a little prominent, slightly
prosogyrate, situated at about mid-length ;
posterior carina obscure, extended from umbo
to posterior ventral corner. Surface or-
namented with fine concentric ribs; interior
of right valve grooved for reception of margin
of left valve ; pallial line indistinctly impres-
sed ; cardinal tooth of right valve small, tri-
angular, separated from dorsal margin by a
shallow groove ; resilifer pit small, triangu-
lar, a littel larger than cardinal tooth, situated
behind the cardinal tooth, deeply excavated ;
chondrophore small, having median ridge.

Measurements (in mm): -

Specimens L H B U H/LU/L
KSG-K133, R. in. m.15.6 7.6 — 69 049 044
KSG-K 134, R. in. m.14.4 72 — 5.8 0.50 0.44
KSG-K135, R. in. m.20.0 10.5 — 9.3 053 047
KSG-K 136, R. in. m.11.3 6.1 — 58 054 051
KSG-K138, R. in. m.12.9 78 — 7.0 0.60 0.54
KSG-K139, R. in. m.14.5 81 — 79 056 054
KSG-K 140, L. in. m.17.7 93 — 84 053 047
KSG-K141, L. 10.9 56 — 4.6 0.51 042
KSG-K142, L. ex. m.114+ 7.1 — 41 — —
KSG-K 143, L. 11.4 64 1.5 51 056 044
KSG-K144, L. in. m.12.7 6.1 — 49 048 0.39
KSG-K 145, L. in. m.13.7 79 — 7.3 058 0.53
KSG-K 146, L. in. m.13.0 69 — 5.7 053 044
KSG-K 147, L. in. m.19.3 100 — 10.2 0.52 0.53
KSG-K148, L. in. m.19.5 10,3 — 9.9 0.53 051

R.=right valve, L.=left valve, in. m.=internal mould,
ex.m.= external mould, L=length, H=height, B=
breadth, U=distance from beak to anterior end.

Remarks : — Ratio of U/L is 0.47 on an
average in the right valves and 0.49 in the left.
H/L of the valve is 0.58 on an average in the
right valves and 0.54 in the left.

This new species is similar to C. (B.)
ushibukensis Tashiro et Otsuka in hinge struc-
ture and surface ornamentation, but differs
from the latter by elongated outline (Figure
2). It is similar to C. (B.) gallica Lamarck,

from the Eocene of the Paris Basin (Gardner,
1928) in projected chondrophore, but differs
from the latter in sub-pyriform outline. The
present species is also similar to C. (B.)
idonea Conrad from the Tertiary of the
Maryland (Gardner, 1928) by having subpyri-
form outline, but the hinge plate of the former
is thinner than that of the latter.

Occurrence and geological age: —
Abundant at locs. 1,2 and 3. Maastrichtian.

Corbula (Bicorbula) ushibukensis Tashiro et
Otsuka

Figures 4-12—22

1976. Corbula (Caryocorbula ?) sp.; Tashiro, p. 73-
74, pl. 12, figs. 1-5.

1982.  Corbula (Varicorbula) ushibukensis Tashiro et
Otsuka, p. 17-18, pl. 5, figs. 12-14, 19.

Material : — The holotype of this
species is an internal mould of left valve
(KSG 3043) from the uppermost part of the
Upper Himenoura Subgroup at Myokengaura,
Amakusa-cho, Amakusa-gun, Kumamoto
Prefecture. Subsequently, numerous speci-
mens were collected from the upper part of

(cm)
H

20

10

10 20 Licm)

Figure 2. Diagram showing the relation
betwen length of shell (L) and height (H) of shell.
U: Corbula (Bicorbula) ushibukensis Tashiro et

Otsuka.

P: Corbula (Bicorbula) pyriforma, sp. nov.
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28

Figure 3. 1-12.  Nipponicorbula mifunensis Ota, gum cast of internal mould (1, KSG-K206, x2).
Gum cast of external moulds (2, KSG-K199, x2: 3, KSG-K193, x2: 5, KSG-K192, x1.5: 6, KSG-
K210, x1.5; 7, KSG-K229, x2.5; 8, KSG-K194, x2.5; 9, KSG-K207, x2; 10, KSG-K208, x2: 11,
KSG-K200, x2: 12, KSG-K230, x3). Internal mould (4, KSG-K197, x2). 13-20. Nipponicorbula
mashikensis Tamura, gum cast of internal moulds (13, KSG-K 181, x1.5; 14, KSG-K 175, x1.5). Gum
cast of external moulds (15, KSG-K190, x1.3: 16, KSG-K188, x2.5: 17, KSG-K191, x2: 18, KSG-
K183, x1.5; 19, KSG-K 185, x1.5). Internal mould (20, KSG-K178. x1.5). 21-30. Corbula (Eour-
sivivas) matsumotoi Hase, internal moulds (21, KSG-K223, x1.2; 23, KSG-K214, x1.2: 26, KSG-
K221, x1.5; 30, KSG-K222, x2). Gum cast of extermal moulds (25, KSG-K226, x2:; 27, KSG-K220, x
1.5).  Gum cast of-internal moulds (22, KSG-K227, x2; 28, KSG-K225, x1.2; 29, KSG-K217, x1.2).
External mould (24, KSG-K218, x2).
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Figure 4. 1-11.  Corbula (Bicorbula) pyriforma, sp. nov., internal moulds (1, KSG-K 148, x 1.

KSG-K134, x1.5: 3, KSG-K138, x1.5; 5, KSG-K136, x1.5; 6, KSG-K147, x1.5; 8, KSG-KI.

KSG-K145, x1.5; 10, KSG-K 133, x1.5: 11, KSG-K 146, x 1.5). Gum cast of internal moulds (4, KSG-
K140, x1.5; 7, KSG-K 139, x1.5). 12-22. Corbula ( Bicorbula) ushibukensis Tashiro et Otsuka, internal
moulds (12, KSG-K 158, x1.5; 14, KSG-K157, x1.5; 16, KSG-162, x1.5; 17, KSG-K168, x2; 22,
KSG-K159, x1). External moulds (13, KSG-K165, x1.2; 15, KSG-K169, x1.5; 18, KSG-K163, X
1.5: 19, KGS-K160, x1.5; 20, KSH-K 166, x1.5: 21, KSG-K107, x2). 23-25. Corbula (s.l.) imamu-
rae Hase, external moulds (23, IGSH-HA274, x1.2; 24, IGSH-HA273, x1.2; 25, IGSH-H272, x1.2).

5. 2
0 9,

wn
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the Upper Himenoura Subgroup (locs. 1,2
and 3).

Description : — Shell medium-sized,
moderately inflated, subtrigonal in outline,
more or less longer than high; right valve
larger than left; test thin; anterior dorsal
margin nearly straight ; posterior dorsal mar-
gin a little longer than anterior, weakly con-
cave ; ventral margin broadly arched ; umbo
located slightly in front of the mid-length,
slightly prosogyrate ; posterior carina dis-
tinctly angulated and extended from umbo to
postero-ventral corner in young stage of left
valve, and obsolescent in adult; but obscure
throughout growth in right valve. Surface
ornamented with fine concentric ribs, which
arc round-topped, regularly spaced; hinge
plate narrow ; cardinal tooth of right valve
triangular ; resilial pit large, triangular, deep-
ly excavated ; chondrophore large, well pro-
jected, having median ridge ; pallial line not
sinuate.

Measurements (in mm): —

Specimens L H B U H/L U/L
KSG-K157, R. 243 173 — 128 0.71 0353
KSG-K 158, R. 242 20.6 — 11.6 0.85 0.48
KSG-KI59, R.in.m.  17.6 132 — 9.1 0.75 0.51
KSG-K 160, R. 209 155 — 9.0 0.74 043
KSG-K162, R.in.m.  10.7 85 — 4.0 0.79 0.37
KSG-K 163, R. ex. m. 84 7320 4.3 087 0.51
KSG-K 164, R. 8.0 64 — 3.7 080 046
KSG-K165. L. 204 133 — 9.6 0.65 0.47
KSG-K166, L. 1.3 7.2 — 48 0.64 0.42
KSG-K167, L. in. m. 9.0 69 — 4.6 0.75 051
KSG-K168, L. in. m. 47 42 — 25089 053
KSG-K169, L. ex. m. 137 122 3.1 6.5 0.89 047
KSG-K170, L. in. m. 169 127 — 7.3 0.75 0.43

Remarks : —Tashiro (1976) reported Cor-
bula (Caryocorbula) sp. from the upper for-
mation of the Himenoura Group in Kuma-
moto Prefecture, and considered that it is
allied to the species of Eocene genera, such as
Tenuicorbula Olsson, 1932 (Vokes, 1945),
Bicorbula Fischer, 1887 (Vokes, 1945) and
Caryocorbula Gardner, 1926 (Gardner, 1928)
by having a smooth surface and a sub-
equilateral outline.

Tashiro and Otsuka (1982) described Cor-

bula (Varicorbula) ushibukensis Tashiro et
Otsuka from the uppermost formation of the
Himenoura Group. Its hinge structure was
not clear and Tashiro and Otsuka regarded it
as a species of Corbula (Varicorbula) because
of distinct concentric ribs on the surface of
right valve.

Subsequently, the writer collected many
corbulids specimens from the three localities
reported by Tashiro (1976). The specimens
from loc. | are mostly small and locs. 2 and 3
are larger. The specimens described by Ta-
shiro (1976) were large, but those by Tashiro
and Otsuka (1982) were small. However,
both specimens are undoubtedly of identical
species, because they have the same type of
hinge structure and surface ornamentation.
The hinge of C. ushibukensis Tashiro et
Otsuka has a large and triangular cardinal
tooth and a chondrophore with a median
ridge.

Moreover, the surface of young shell is
ornamented with faint, concentric ribs and an
obscure keel from umbo to postero-ventral
corner but that of the adult is nearly smooth
except for fine and irregular growth lines.

The surface of the subgenus Corbula (Vari-
corbula) Grant and Gale, 1931 is ornamented
with faint radial ribs and concentric growth
striae in the left valve, but only with concen-
tric ribs in the right valve (Cox et al, 1969).
The surface of the subgenus Corbula (Bicor-
bula) Fischer, 1887 is smooth in both valves
(Vokes, 1945). Judging from the above
observations, the writer considers it better to
transfer this species from the subgenus C.
(Varicorbula) to C. (Bicorbula).

Occurrence and geological age: — Abun-
dant at locs. 1,2 and 3. Maastrichtian.

Subgenus Eoursivivas Ota, 1964
Corubula (Eoursivivas) matsumotoi Hase

Figures 3-21—30
1960. Corbula matsumotoi Hase, p. 322, pl. 39, figs.

5-21.
1964. Eoursivivas matsumotoi (Hase) ; Ota, p. 155~
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157, pl. 21, figs. 1-11, Text-fig. 4.
1975, Eoursivivas matsumotoi (Hase) ; Hayami, p.
146, 175, pl. 10, figs. 7, 8.

Material : — The holotype (GK. H6804)
is a specimen of conjoined valves which was
collected from the Kawaguchi Formation at
Sakayoriue, Toyo-mura, Yatsushiro-gun,
Kumamoto Prefecture. Numerous, addi-
tional specimens have been collected from the
Kawaguchi Formation (locs. 4, 5, 6 and 7).

Description : — Shell medium-sized,
elongate pyriform in outline, longer than
high, gradually rostrated to posterior margin ;
right valve slightly larger than left ; test thin;
umbo slightly prosogyrate, situated at one-
third of shell length from front. Surface
ornamented with concentric ribs which are
narrower than their interspaces but rounded
on their top. Area faintly grooved along its
median line; anterior dorsal margin a little
convex ; ventral margin broadly arched ; pos-
terior dorsal margin more or less concave
near umbo but nearly straight in posterior
half; posterior end subvertically truncated ;
interior margin of right valve grooved to
receive the left valve ; cardinal tooth of left
valve heavy, triangular, but rounded in its
upper part; adductor scars well impressed
and elliptical, of which the posterior one
somewhat - larger than the anterior; resilial
pit deep and large ; pallial line not sinuated ;
chondrophore with median ridge, small, thin
and triangular.

Measurements (in mm): —

Specimens L H B U H/L U/L
KSG-K212, R.in.m. 151 85 — 59 0.56 0.39
KSG-K213, R.in.m. 12,1 6.6 — 3.0 0.55 0.25
KSG-K214, L. inn.m. 149 7.6 — 55 0.51 0.37
KSG-K215, L. in. m 102 5.1 — 43 0.50 042
KSG-K216, L. in.m. 134 84 — 58 0.63 043
KSG-K218, L. 1.9 6.6 — 55 055 0406
KSG-K219, L. in. m 1.5 51 — 38 044 033
KSG-K220, L.ex. m. 149 88 34 53 059 023
KSG-K221, R.in.m. 147 7.1 — 57 048 0.39
KSG-K222, R.in.m. 135 74 — 5.1 0.55 0.38
KSG-K223, R.in.m. 167 92 — 6.3 0.55 0.38
KSG-K224, R.in.m. 157 89 — 69 0.57 0.44

Remarks : —This species was described by

Hase (1960) from the Lower Cretaceous
Kawaguchi Formation at Sakayoriue, Toyo-
mura, Yatsushiro-gun, Kumamoto Prefecture
and Yoshimo Formation at Yoshimo,
Shimonoseki City, Yamaguchi Prefecture.
Ota (1964) divided it into two forms, viz., the
Yoshimo and Kawaguchi types, and de-
scribed the Yoshimo type as Pulsidis
nagatoensis Ota. Moreover, he established
the genus Eoursivivas for the Kawaguchi type
on account of the characteristic features on
the dorsal side of its chondrophore. In the
genus Corbula the chondrophore shows vari-
ous features. For instance, Corbula (Noto-
corbula) Iredale, 1930 has a bipartite chon-
drophore (Vokes, 1945). The chondrophore
of Corbula (Caryocorbula) bears a median
ridge. Moreover, the surface ornamentation
of the Kawaguchi type is similar to that of the
genus Corbula. For the above reasons Eour-
sivivas Ota, 1964 is regarded as a subgenus of
the genus Corbula.

The present species is similar to Ursirivas
pyriformis  (Meek) (Vokes 1945) in the
subpyriform outline, but evidently differs
from the latter by having a ridge on the
chondrophore and an indistinct sinus.

Occurrence and geological age: —Abun-
dant at locs. 4,5,6 and 7. Valanginian to
Hauterivian.

Corbula (s.1.) imamurae Hase

Figures 4-23—25

1960. Corbula (?) imamurae Hase, p. 324-326, pl. 39,
figs. 2-5.

Material : —Holotype, right valve (IGSH-
HA 271); paratypes, right valve (IGSH-HA
272), left valves (IGSH-HA273 and 274).
These specimens were collected from the
Toyonishi Group of Ohata, Shimonoseki
City, Yamaguchi Prefecture.

Remarks : —This species was described by
Hase (1960) based on four specimens, two left
valves and two right valves, but since then the



44 Takeshi Kozai

species has never been studied. The writer
went to the type-locality, but was unable to
find any specimen. However, Hase's speci-
mens are kept in Hiroshima University. The
surface of the holotype and one of the para-
types looks smooth, owing to pre-
depositional abrasion, but other two para-
types (i.e. IGSH-HA273 and HA-274) have
distinct concentric ribs which are counted
about 6 per | mm on the central disk. The
hinge is not well preserved, but a specimen
(IGSH-HAZ279) treated by Hase (1960) shows
a sharp but small tooth below the beak. The
outline of the shell is elongate pyriform. In
this respect, this specimen is similar to Pul-
sidis tashiroi Kozai, 1986 {rom the Yunoki
Formation in Yunoki, Kahoku-cho, Kami-
gun, Kochi Prefecture, but the latter has a
larger cardinal tooth than this species. Judg-
ing from its hinge structurc this species is
undoubtedly referred to the genus Corbula,
but it is difficult to determine precisely its
subgeneric assignment, because of the obscu-
rity in details of hinge structures.

Occurrence and geological age : — Rare at
loc. 13. Neocomian.

Genus Nipponicorbula Ota, 1964
Nipponicorbula mifunensis Ota

Figures 3-1—11

1938.  Aloides (Carvocorbula) higoensis Matsumoto,
p. 14, text-figs. 9a, 9b (non pl. 2, fig. 8).

1964.  Nipponicorbula mifunensis Ota, p. 158, pl. 21,
figs. 18-27, text-fig. 5.

1964. Pulsidis okaduai Ota, p. 152, pl. 20, figs. 15-24,
text-fig. 2.

1975, Pulsidis okadui ; Hayami, p. 146.

1975, Nipponicorbula  mifunensis ; Hayami, p. 1406,
pl. 10, fig. 10.

1977.  Pulsidis okadai ; Tamura, p. 140, pl. 10, figs.
7-12.

1977.  Nipponicorbulu mifunensis ; Tamura, p. 141,
pl. 10, figs. 9-30.

Material : — The holotype is a right valve
(GT. M63001) collected by Ota from the
lower formation of the Mifune Group at

Asanoyabu, Mifune-cho, Kamimasuki-gun,
Kumamoto Prefecture. In addition to it,
numerous specimens in subsequent collec-
tions from the Mifune Group are used for the
revised description as below.

Description : —Shell medium-sized, moder-
ately inflated, inequilateral, subpyriform in
outline, fairly longer than high; right valve
larger than left; test thin; anterior dorsal
margin nearly straight or slightly arched ;
ventral margin gently arched ; posterior dor-
sal margin gently concave; anterior margin
rounded ; posterior margin well rostrated ;
umbo slightly prosogyrate, situated at about
three-fifths from anterior extremity in left
valve but about a half of shell-length in right
valve ; right valve covered with concentric
ribs and radial furrows on whole surface of
disk ; left valve covered with concentric ribs
wholly on disk but several radial furrows
only on central part of disk ; concentric ribs
wider than their interspaces, round-topped,
and gradually crowded from anterior part to
posterior ; radial furrows narrower than their
interspaces ; internal margin of right valve
grooved as a receptional scar of margin of left
valve ; pallial line indistinctly impressed, not
sinuate ; cardinal tooth of right valve triangu-
lar ; serilial pit triangular, deeply excavated ;
cardinal socket large ; chondrophore triangu-
lar.

Measurements (in mm): —

Specimens L H B U H/LU/L
KSG-K192, R.ex. m. 168 12.3 2.0 7.2 0.73 043
KSG-KI193. R.ex. m. 140 8.6 2.6 7.5 0.61 0.54
KSG-K194, R. ex. m. 9.1 506 2.1 45 0.61 0.55
KSG-K 195, R. ex. m. 94 50 20 43 0.53 046
KSG-K196. R.in.m. 142 83 — L7 0.58 0.5
KSG-K197, R.in.m. 132 79 — 57 0.60 0.43
KSG-K198. R. in. m 75 44 — 43 059 0.57
KSG-K199, L. in. m. 10,0 7.3 — 54 0.73 0.54
KSG-K200, L. ex. m.  16.6 83 3.4 10.6 0.50 0.64
KSG-K20I, L.ex. m. 151 79 — 84 052 056
KSG-K202, L. ex. m. 94 58 — 6.7 0.62 0.71
KSG-K203, L.ex. m.  13.0 82 — 88 0.63 0.68
KSG-K204, L. in. m. 7.0 46 — 4.0 0.66 0.57
KSG-K205, L. in. m. 9.7 5.7 22 55 039 057

Remarks : — This species was first de-

scribed by Ota (1964). It is characterized by
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the right valve is marked with conspicuously
strong cancellate sculputure wholly on the
disk, but the left is ornamented with concen-
tric ribs and a few slender radial ribs on the
central part of the disk. About 6 concentric
ribs are counted per | mm in height near
ventral margin of adult specimens.

However, the collected specimens have such
considerable variation in surface ornamenta-
tion as seen in Figure 3-6 (smooth surface
specimen) and Figure 3-8 (well preserved
specimen) because they are largely wornout
owing to pre-depositional abrasions. As
pointed out by Tamura (1977), the left valve
occurs rarely, but the left valve of “Pulsidis
okadai Ota, 1964 occurs abundantly from
the same localities. It suggests from the
above that the wornout specimens of N.
mifunensis have been grouped as Pulsidis
okadai Ota, 1964. As a matter of fact, the
specimen which was regarded as Pulsidis
okadai by Tamura (1977, pl. 10, fig. 11) has
observable radial furrows and the specimen of
Ota (1964, pl. 20, fig. 21) shows discernible
radial furrows in the central part of disk.

On the other hand, Ota (1964) stated that
the surface of P. okadai is only ornamented
with growth-lines, but some specimens of N.
mifunensis which look smooth by abrasion
are very similar to P. okadai. From this
fact, it is concluded that P. okadai is synony-
mous with N. mifunensis.

Occurrence and geological age: — Abun-
dant at locs. 8,9, 10 and 11. Cenomanian.

Nipponicorbula mashikensis Tamura

Figures 3-13—20

1977.  Nipponicorbula mashikensis Tamura, p. 141-
145, pl. 10, figs. 13-18.

Description : — Shell medium-sized, mod-
erately inflated, subtrigonal ovate in outline ;
test thin; anterior dorsal margin nearly
straight or slightly concave ; posterior dorsal
margin gently concave; anterior margin

semi-circular ; posterior margin a little ros-
trated ; umbo situated at about mid-length of
valve ; surface covered with concentric ribs
and radial furrows on disk ; radial furrows
nearly straight from umbo to ventral margin ;
internal margin of right valve distinctly
grooved as a receptional scar of margin of left
valve ; adductor scars elliptical, moderately
impressed ; pallial line indistinctly impres-
sed ; cardinal tooth of right valve triangular,
heavy, resilial pit triangular, deeply excavat-
ed ; cardinal socket large, deeply excavated ;
chondrophore triangular.
Measurements (in mm): —

Specimens L H B U H/L U/L
KSG-K177, L. in. m. 1.0 80 — 52 0.73 0.47
KSG-K178, R.in. m. 150 85 — 7.1 0.57 047
KSG-K179, L. in. m. 1.5 7.6 — 50 0.66 0.44
KSG-K182, Riex. m.  17.0 13.4 32 98 0.79 0.73
KSG-K183, L.ex. m. 151 11.0 2.5 81 0.73 0.54
KSG-K185, L.ex. m. 11.5 7.9 — 70 0.69 0.61
KSG-K186, R.in. m. 135 89 — 80 0.66 0.59
KSG-KI187, R.ex. m. 155 10.7 — 85 0.71 0.56

Remarks : — This species was established

by Tamura (1977) based on about 40 speci-
mens from the Mifune Group in Kumamoto
Prefecture. Ratio of H/L is about 0.69 on an
average in both valves. This species evident-
ly differs from N. mifunensis in its less ros-
trate posterior part, large H/L, regular con-
centric ribs and nearly straight radial furrows.

N. mifunensis was collected in association
with  Eomiodon matsubasensis Tamura,
Tetoria mifunensis Tamura and Pterotrigonia
(Acanthotrigonia) mashikensis (Tamura et
Tashiro). E. matsubasensis and T.
mifunensis are brackish-water species, and P.
(A.) mashikensis is an element of shallow-
marine species. Tamura (1979) reported that
this species was collected with Trigonioides
(Kumamotoa) mifunensis Tamura, Plicato-
unio naktongensis Kobayashi and Suzuki,
Crassostrea japonica Tamura and Teroria
mifunensis Tamura. The assemblage which
contains Plicatounio and Trigonioides is of
fresh-water fauna, and Crassostrea and
Tetoria are of brackish-water fauna.
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This fact suggests that this species is a
dweller of an environment with lower salinity
than N. mifunensis.

Occurrence and geological age: - Com-
mon at loc. 12. Cenomanian.

Summary of results

1. The corubulid specimens from the Maas-
trichtian of Amakusa-shimojima, Kumamoto
Prefecture are referred to two species of
Corbula (Bicorbula), and they are rather of
Cenozoic type instead of the Cretaceous one.
2. Pulsidis okadai Ota was described on the
basis of specimens with wornout surface orna-
mentation, and is a synonym of Nipponicor-
bula mifunensis Ota.

3. Judging from the characteristics of the
faunal assemblage, it is suggested that
Nipponicorubula mashikensis Tamura inhab-
ited the environment of lower salinity than
Nipponicorbula mifunensis Ota.
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874. GEMMULOBORSONIA, A NEW GENUS OF THE FAMILY TURRIDAE
(GASTROPODA) FROM THE PLIO-PLEISTOCENE
CABATUAN FORMATION, NORTHWEST LUZON*

TSUGIO SHUTO

Oyo LTD. Fukuoka, 2-21-36 Ijiri, Minami-ku, Fukuoka 816

Abstract.

Gemmuloborsonia, a new genus of the Borsoniinae, Turridae, Neogas-

tropoda is proposed here on the type-species, G. fierstinei, sp. nov. from the Plio-Pleistocene
Cabatuan Formation on Tambac and other islands in Tambac Bay, the Bolinao district,

Northwest Luzon.

Gemmuloborsonia shows superficial similarity to Kuroshioturris Shuto,

1961, of the Turrinae in the shell-profile, protoconch, sculpture and anal sinus, but is readily

distinguished from the latter in being provided with a distinct columellar plait.

The genus

includes four species from the Upper Miocene and Plio-Pleistocene of the Mediterrancan and

Malayan regions.

Key words. Gemmuloborsonia, Turridac, Cabatuan Formation, Luzon, Philippines

Introduction

I had an opportunity to examine a large
and interesting collection of molluscs col-
lected by L. H. Fierstine and B. J. Welton by
courtesy of E.C. Wilson, Los Angeles County
Museum of Natural History. The collection
consists of 75 species of bivalves, 13 species of
scaphopods and 257 species of gastropods, of
which 71 species (20.6 percent) belong to the
family Turridae. Among the turrids I found
a very characteristic species which shows a
Gemmula-like profile, sculpture and anal
sinus but has a paucispiral protoconch and a
distinct borsonine columellar plait. 1 recog-
nized a similar feature in Pleurotoma cor-
onifera Martin, 1879, from the Upper
Miocene of Java. They together with
Rouauliia lapugyensis (Mayer, 1874), and R.
bicoronata Bellardi, 1877, represent a particu-
lar group of the Borsoniinae. This group is
separable from any known genera and |
would propose here a new genus, Gem-

*Received October, 18, 1988 ; accepted January 30,
1989
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muloborsonia.

On the occasion of the description, I would
express my cordial thanks to Dr. E. C. Wilson
who made me access to the material and to
Dr. L. H. Fierstine for his kind information
on the stratigraphy of the Tambac area.

Description

Family Turridae Swainson, 1840
Subfamily Borsoniinae Bellardi, 1875
Genus Gemmuloborsonia, gen. nov.

Type-species : Gemmuloborsonia  fierstinei,
Sp. nov.

Diagnosis : — Shell moderately small and
fusiform with distinctly gemmulate peripheral
cord. Anal sinus deep with subparallel
upper and lower arms and its crest on periph-
eral cord. Columellar plait blunt and dis-
tinct. Protoconch paucispiral, globose and
practically smooth.

Comparison: — The present taxon is
superficially similar to Kuroshioturris Shuto,
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1961, a subgenus of the genus Gemmula
Weinkaufl, 1875, in fusiform shell-prolile,
gemmulate peripheral cord, deep anal sinus
and globose paucispiral protoconch. How-
ever, the present taxon is essentially different
from Kuroshioturris by a blunt but distinct
columellar plait and naturally included in the
Borsoniinae. It must be a member of the
group of Micantapex Iredale, 1936, and Para-
bathytoma Shuto, 1961, sharing a few impor-
tant features — gemmulate peripheral cord on
which is the crest of deep anal sinus, and
globose paucispiral protoconch. Comparing
with the latter two genera, Gemmuloborsonia
is more fusiform with higher spirc and more
contracted and longer base. Furthermore, it
is provided with deeper anal sinus and more
distinct columellar plait than the latter.

Bellardi (1877, p.223) proposed a genus,
Rouauliia, for his Section 1 of Borsonia
Bellardi, 1875, without designation of the
type-species, emphasizing that a sharp carina
at the middle of whorls and a plica on the
columella are the most characteristic feature
of Rouaultia. On that occasion he recorded
three species. The first and second species,
R. subterebralis (Bellardi in Sismonda 1842),
and R. lapugyensis (Mayer, 1874), were in-
cluded in his Section 1 of Rouaultia and the
third species, R. bicoronata (Bellardi, 1875),
comprised his Section 2.  According to Bel-
lardi (1875), contracted base is a distinctive
feature of the Section 1 separating from the
Section 2 with regularly tapering base.
While R. lapugyensis and R. bicoronata seem
to satisfy his definition, R. subterebralis sug-
gests a question about its sistematic position
because its columellar plait is obsolete and its
coronated peripheral keel is somewhat uptur-
ned.

Cossmann (1896, p.95) designated Pleu-
rotoma subterebralis as the type-species of
Rouaultia. He then regarded Rouaultia as a
junior synonym of Cochlespira Conrad, 1875,
and included them in the Borsoniinae.
Grant and Gale (1931, p. 571) followed Coss-
mann (1896). Powell (1942, p.20) once

pointed out a significant difference of posi-
tion of the anal sinus of Cochlespira and
Rouaultia. That is to say, the anal sinus is
situated on the shoulder in Cochlespira
instead on the peripheral carina in Rouauliia.
Later he (1966, p. 42) regarded them as syno-
nyms by accepting the subsequent designation
of the type of Rowaultia by Cossmann and
recognizing essential identity between R.
subterebralis Bellardi and Cochlespira cris-
tata Conrad of the Turriculinae. 1 agree
with this treatment. There by the systemetic
position of Rouaultia lapugyensis and R.
bicoronata is in suspense although they have
distinctive characteristics. Proposal of Gem-
muloborsonia for this group of species must
dissolve the problem just mentioned.

Characteristic species and distribution : —
Gemmuloborsonia fierstinei, sp. nov., Upper-
most Pliocene to Lower Pleistocene, North-
west Luzon, the Philippines; G. coronifera
(Martin), Upper Miocene of Java, Indonesia ;
G. bicoronata (Bellardi), Upper Miocene of
North Italy and G. lapugyensis (Maver),
Upper Miocene of North Italy.

Gemmuloborsonia fierstinei, sp. nov.

Figures 1-1—3, 2-1—3

Material : — Holotype, No. 6449* from
loc. 5905, almost perfectly preserved except
for the anterior margin of the labrum. Para-
type, No. 6450* from loc. 5911, almost perfect
except for a part of the labrum and the
extremity of the canal.

Other specimens, No. 6451* from loc. 5914,
the first volution of the protoconch and ante-
rior margin of the labrum broken off ; and
No. 6452* and No. 6453 from loc. 5918,
protoconchs and canals are partly broken.
Other two imperfect specimens respectively
from loc. 5911 and 5918 are also examined.

All the specimens with asterisk were col-
lected by L. H. Fierstine and B. J. Welton and
are stored in Los Angeles County Museum of
Natural History.



50

Tsugio Shuto

Figure 1.

Measurements.—
Specimen H D Bd D/H Bd/H
No. (mm) (mm) (mm) (%) (%)
6449* 13.4 4.9 84 30.0 62.7
6450* 17.2+ 6.1 10.3  355— 59.9-—
6451* 134+ 4.8 8.6 358— 0642-—
6452+ 14.3+ 5.6 88 39.1— 61.5—
6453* 13.2+ 4.8 7.7 36.3— 58.3—
numb. whorls A numb. gemmules
(proto) (teleo.) (degrees) I Il pen bod
1.6 3| 40.3 14 14 19 18
1+ 7+ 425 15 15 23 25
- 7:2 40.2 13 14 20 23
1+ 7+ 41.7 — — 20 23
1.8 7.4 41.1 13 15 19 20
Diagnosis : — Shell rather small, fusiform

with an apical angle of about 40 degrees.

Gemmuloborsonia fierstinei, sp. nov.
Angeles County Museum, Nat. Hist.). H=13.4 mm ;
the same specimen as the preceding figure. H=13.2 mm.

1, apertural view of the holotype, Reg. No. 6446 (Los
2, apical part of Reg. No. 6453 ; 3, aperturel view of

Protoconch paucispiral, globose and almost
smooth except on last one-sixth volution
provided with thin brephic axial threads.
Teleoconch-whorls with coarsely gemmulate
heavy two cords. Anal sinus deep with its
apex on peripheral cord. Columellar lip
with a distinct plait.

Description.— Shell is moderately small,
less than 18 mm in height, shortly fusiform
with high conical spire and moderately long
and distinctly contracted base. Spire may be
slightly conoidal. Apical angle is about 40
degrees. Protoconch is globose and pauci-
spiral consisting of about one and a half
smooth volutions and one-sixth brephic volu-
tion. The boundary between the protoconch
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and teleoconch is clearly indicated by an
opisthocyrtly curved ridge, which runs from
suture to suture.

Teleoconch consists of about seven whorls
in maturity. Whorls are low showing a
height-width ratio of about 1/3, separated
from each other by deeply incised suture, and
heavily coronated by two prominent gem-
mulate cords. On the first whorl the promi-
nent gemmulate peripheral rib appears
together with a microgranulated subsutural
thread, which is far weaker than the periph-
eral rib. The relative size of the peripheral
rib, which is situated somewhat below the
middle, is about two-fifths of the whorl-
height. The subsutural thread abruptly
becomes strong ; about one-half width of the
peripheral one on the third whorl, about
two-thirds on the fifth and almost equal to the
peripheral one on the sixth. The subsutural
rib is emarginated by one fine thread respec-

Figure 2. Cemmuloborsonia fierstinei, sp. nov.
Holotype, Reg. No.6449 (Los Angeles County
Muscum, Nat. Hist.) from loc. 5905, the Cabatuan
Formation ; 1, apertural view ; 2, protoconch and
the first whorl of teleoconch; 3, sculpture on the
body whorl. Unit bars indicate | mm, respectively.

tively along the upper and lower margins on
the fourth and later whorls. The peripheral
rib has a similar acompanying thread along
its upper margin, which may appear on the
third or fourth whorl. Another thread is
developed close to the just mentioned thread
on the narrow and deep sulcus between the
two major ribs on the later whorls.

Body whorl is about three-fifths of the
whorl-height. Its basal contraction is dis-
tinct. On the basal slope below the periph-
eral rib are four granulate lirae, of which the
lowest one is weaker than the others. Eight
other smooth lirae are discernible on the
snout. A secondary thread may be devel-
oped in the interspace between the primary
rib and lirae on the basal slope. Aperture is
elongately rhomboid with a long, narrow and
slightly oblique canal, the end of which is
truncated. Parietal callus is discernible but
not thick. Anal sinus is deep with its crest
on the peripheral cord. Its upper and lower
arms are subparallel near the crest and then
divergingly curved.

Comparison : — The present species looks

Figure 3. 1,2, Gemmuloborsonia coronifera
(Martin), Reg. No. St. 7876 (Nat. Mus. Geol. Min.
Leiden) from loc. O of Junghuhn, West Java. Upper
Miocene. 1, body whorl, w=233mm: 2, sculp-
ture on the body whorl ; 3,4, Gemmula (Gemmula)
imitatrix Martin, Reg No. St. 7851 (Nat. Mus. Geol.
Min. Leiden) from Kemban Sokkoh, West
Progomountain, Middle Java. Lower Miocene. 3,
body whorl, w=7.1 mm ; 4, protoconch.
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like a miniature of Gemmula (Gemmula)
congener congener (Smith), but is readily
distinguished from the latter in having a
paucispiral globose protoconch and a distinct
columellar plait.

The present species is casily separated from
Gemmuloborsonia coronifera (Martin) from
the Upper Miocene of Java, because the for-
mer is provided with cqually prominent and
gemmulate peripheral and subsutural ribs
instead of gemmulate peripheral and smooth
subsutural ones on the latter. It is also read-
ily distinguished from G. lapugyensis (Mayer)
and G. bicoronata (Bellardi) from the Upper
Miocene of North Italy by the same reason as
in the foregoing case.

Distribution : — Uppermost Pliocene to
Lower Pleistocene of Northwest Luzon, the
Philippines.

Gemmuloborsonia coronifera (Martin)

Figures 3-1—4

1879, Pleurotoma coronifer Martin, Tertiierschichten
auf Java, p. 61, Tab. 11, F. 2.

1916, Rouaultia coronifera, Martin, Sammi. Geol.
Reichsmus. Leiden, N.F., Bd. 2, S. 229 (probably
misprint of Rouaultia)

1964, Gemmula (Gemmula) miocoronifera Powell,
Indo-Pacific Moll., vol. 1. no.5, p.254, pl. 194,
figs. 1 and 2.

Type-specimen : — Reg. No. St. 7876, Nat.
Mus. Geol. Min. Leiden. The type-

specimen, came from the Upper Miocene of

loc. O of Junghuhn, west Java, is imperfect
being devoid of apical part and the anterior
portion of the canal.

Description : —The type-specimen is mod-
erately small with measured height of 23.3
mm and diameter of 9.9 mm. It shows a
quite similar feature to Kuroshioturris except
for the columellar plait.

[t has a prominent, gemmulate peripheral
carina at the middle of each whorl. The
carina is superimposed by two lirae respec-
tively near the upper and lower margins.

Sharp crenulations are vertically elongated to
connect the two lirae of the carina. In-
frasutural rib is at some distance from the
suture on the later whorl. It is prominent
and smooth and is accompanied by secondary
threads on both upper and lower sides.
Below periphery are five basal ribs, of which
upper two are simply smooth and lower three
arc weakly granulate. More than twelve
primary spirals are discernible on the snout.
They are weaker on the more anterior part
than those on the more posterior part.
Secondary and, even, tertiary fine lines are
intercalated in the interspaces of the pri-
maries. Aperture is elongately rhomboid
with a long canal. Anal sinus is very deep
with its crest on the peripheral carina and
parallel upper and lower arms. A distinct
plait is discernible at the upper part of the
columellar lip. Protoconch and early part of
the teleoconch are not observed.

Remarks.— Four years after his proposi-
tion of Pleurotoma coronifer, Martin (1883, p.
58-59) emended the spelling of its specific
name o coronifera and added some descrip-
tive remarks. That is to say, he referred to
the protoconch on the basis of a suitably
preserved small specimen from the type local-
ity and farther discussed a variability of sculp-
ture on the result of examination of several
specimens from Djokdjokarta, Tambak Batu,
Grissee and Ngembak in Java. The figured
specimen (1883, pl.4, fig. 58) came from
Djokdjokarta. Then in 1916, he recognized
two forms among the specimens from the type
locality. One form is represented by the
figured type of P. coronifer (1879, pl. 11, fig.
2), which is characterized by weak columellar
plait and is referred to Rouaultia. The other
is devoid of a columellar plait and quite
identical to the figured specimen in 1883 (loc.
cit.). Martin proposed a new name, Pleuro-
toma (Hemipleurotoma) imitatrix, for the
latter form. On that occasion, he illustrated
a specimen (Reg. No. St. 7851, Nat. Mus.
Geol. Min. Leiden) from the Lower Miocene
Kemban Sokkoh of West Progo Mountain,
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East Java (pl. 1, fig. 13) instead of specimens
from loc. O. Although he did not designate
the type specimen, the figured specimen in
1916 must be regarded as the type. P.
imitatrix is reasonably referred to Gemmula
on the basis of the characteristics of both
protoconch and teteoconch of the type speci-
men.

Another specimen was described under the
name of Pleurotoma coronifera by Boetiger
(1883, S. 156, Taf. 9, F. 7) on the basis of the
specimen came from the Upper Miocene of
Benkulen, Sumatra. It is, however, devoid of
a columellar plait and quite identical to
Gemmula imitatrix except for smaller shell
with larger pleural angle.

Martin compared his Pleurotoma coronifer
with Rouaultia bicoronata (Bellardi) in his
original description. The former, however,
is clearly distinguished from the bicoronated
latter.

Later, Powell (1964, p. 254) stated that the
name Pleurotoma coronifer Martin must be
considered as a homonym of Pleurotoma
coronifera Bellardi and proposed a new
name, Gemmula miocoronifera for Martin’s
species. However, P. coronifera (= coro-
nifer) actually belongs to Gemmuloborsonia
as already mentioned and its specific name is
valid.

Distribution - — Upper Miocene of Java,
Indonesia.

References

Bellardi, L., 1877 : I molluski dei terreni terziarii del
Piemonte della  Liguria. Pt. 2. Gastropoda
(Pleurotomidae), p. 1-365, 9 pls. Torino.

Boettger, O., 1883 : Dic Conchylien der oberen Ter-

tiacrschichten Sumatras in Verbeek, R. D. M., O.
Boettger und K. von Fristch, Dic Tertiaer-
formation von Sumatra und ihre Thierreste.
Palaeont. v. Nederlansch-Indié, Verhandeling,
no. 17, p. 1-284, pls. 1-12.

Cossmann, M., 1896: Essais de Pleoconchologie
Comparee. Livr. 2, p. 1-179, pls. 1-8. Paris.
Grant U. S. IV, and Gale, H. S., 1931 : Cataloguc of
the marine Pliocene and Pleistocene Mollusca of
California and adjacent regions. Mem. San
Diego Soc. Nat. Hist. vol. 1, p. 1-1036, pls. 1-32.

Iredale, T., 1936: Australian molluscan notes —2.
Rec. Austral. Mus., vol. 19, no. 5, p. 277-340.

Martin, K., 1879-1880: Tertidrschichten auf Java
nach den Enideckungen von Fr. Junghuhn.
126 pp., 24 tabs., Leiden.

——. 1883-1884 : Paliontologische Ergebnisse von
Tictbohrungen auf Java, ncbst allgemeninen
Studien iiber das Tertiar von Java, Timor, und
cinigen anderer Inseln.  Samml Geol. Reichs-
mus. Leiden, I Ser., Bd. 3, Helt I, pls. 1-42, pls.
1-3: Heft 2-3, s.43-184, pls. 4-9; Heft 4-5. p.
185-305, pls. 10-14, Heft 6, p. 395-381, pl. 15.

——, 1916-1917: Dic altmiociine Fauna des West
Progogebirges auf Java. Ihid., N. F. Bd. 2,
Abt. 7, p. 223-296, pls. 1-5.

Powell, A. W. B., 1942: New Zecaland Recent and
fossil Mollusca of the family Turridae. Bull.
Auckland Inst. Mus., no. 2, p. 1-192, pl. 10-14.

——, 1964 : The family Turridae in the Indo-Pacific.
Part 1, The subfamily Turrinac. Indo-Pacific
Moll., vol. 1, no. 5, p. 227-346, pls. 172-262.

——. 1966 : The molluscan families Speightiidac and
Turridac.  An evaluation of the valid taxa, both
Recent and fossil, with lists of characteristic
species.  Bull. Auckland Inst. Mus., no. 5. p. 1-
184, pls. 1-23.

Shuto, T., 1961 : Conacean gastropods from the
Miyazaki Group. Mem. Fac. Sci., Kyushu
Univ., Ser. D, Geol., vol. 11, no. 2, p. 71-150, pls.
3-10.

Swainson, W., 1840: A Treatise on Malacology.
419 pp.. London.

Weinkaufl, H. C. and Kobelt, W., 1887 : Dic Familic
Plecurotomidac in  Martini und Chemnitz :
Systematischen Conchylien Cabinet, Bd. 4, Teil,
3. p. 1-248, pls. 1-42.

Gemmuloborsonia, LW/ v v O 8 Hi—F Ji# o Calatuan 8 2 o Turridae BHIE 2 )
D —H & : Bellardi (18771 AE DHFE 7 L 1S Rowaultia % Borsoniinac #ift )@ & LT
R LU, Cossmann (1896) 153 E D Rouaultia 3 FED e DEGR TH 5 Pleuroioma
subterebralis Bellardi % %A MICHEE Lo, X Rouaultia 3. Cochlespira Conrad, 1875, &
KEWILEL GO THEEZEDORAY L L, Borsoniinac 1% 72, Powell (1966)ILED I\ T
1% Cossmann Z 5l U7cAs, #EL & LTk Turriculinac I8 ) 1, BELHEHOK 0 o, P.
lapugyensis Mayer & P. coronata Bellardi TIXEE ANLIYE ANIEE Lch b, #@HE



54

Tsugio Shuto

IZEBAME I BAN | DB B DT P. subterebralis L XBAGNCEK S, FIBMBEHEICEL Z &I
Tolei b 2L BOHWERYEX BN 74 VY « YAVEIBERD L 23, 78
@ Cabatuay B( LHEH —THREFHNCLET S Turridae BoFIER I hic, Thr
Gemmuloborsonia fierstinei &% L, T2 BRE & LTHB Gemmuloborsonia %3
Bo AV FF Y2+ 7 EEE Pleuroloma coronifera Martin d KBIzE& ¥ hb, EXEY
B 3BT NTEHFFHRETH B, HERS




55

PROCEEDINGS OF THE PALAEONTOLOGICAL
SOCIETY OF JAPAN

BAGTEYSES 1989 FES - BR
HAR G Y E 4L B 1989 4E 2 H 3 H~S Hics
KM e SR T I St (B 264 7).
EIRFMERHE RS

BOMEEEY v & (A —AFF YT e 29y X
Ay 1988 AE 8 JT 8 11~ 12 (1) His s

-------------- BRI « e S e HREEE
HS b7 = &) 7RI W

B NIPYER - g 3k b 5 e TLMHE—

w5 # R

GIKES 7 757 v vifiluvtch e & RERHT O

O, I
2 KB OR

W7 o7 oA BE & b/ LB AR E
#® =

vy Ry s TVEYOBGETTE & DRI ]
WEEA BV E - |HEk

TV T = ORI & TR e &R ie—
Ostracoda D EFETTE) & BERETZHE «--ovvreeeeemneees FEPNIT I
RAHEICET 2% L e BN & oWl O
............................................................ Ef)’l%’;‘ﬁ
BuEkX7 v e 4 b OBE LT B10E
............................................................ WA R
B © T DGR thify =
OB . TSR & LT ol tk/ AR5
A CRT T P T PP PR PP PP PP PRI PPPPPRITPPPRS SRS
B AN # &
ANRSYUIE 3N R4 - L/ o SERIEEE N ERTE R « & ]
AeE i oE E Hifc o 8 FIRE Y S 2 MR R B 3R
E@ﬁ%iﬁ&fﬂﬁ ....................................... Eﬁﬂ](‘é‘)‘(
MILAEEES BB <+ 7 VEGAEEICO T
............................................. u_”[%fﬁgk . ﬂ:[;]ll'/\
WA O B - Bl - O TRE & fEEIC oL T
............................................................ f&ﬁ%f:fﬂ&

AL U v BE PR B A TS0 R 0 AR B SIS DL

et e A o RPN
HEER SN B pE v v RS AT oo NEPBE o IR
W7 79 hORHHE 2 > % X # B(Thryonomyidac){k

YRR R P P PP (u]}j‘s‘:t‘;;m o Py K

An carly Middle Pleistocene murid molar from the
Kobiwako Group, Japan ---Kawamura, Y. & lida, K.
IR EE O EH I A + X 2 ERH KL
......................................................... e 75 711
Oligocene squalodontid (Cetacea : Mammalia) from the
Ashiya Group, Japanerseeeeeeeeeea. Okazaki, Y.
AR O WSO W (D )= T > n
FE2HOREDO AN E ZIS DU T —reeervennnens THBE T A5
W EERENIE R b R R I B Ao T
----------------- A e BRI LA 7 38 A
EEHHRAIBREA A BIE 250 HAREICDWT
............................................. KL HE - (g %
AU AT F ey TOHAE  KEHOETICDWT
L A D (v eeeeremmeeerneee e AREL
Behemotops D JSTEFS M & KA H AL - KRIFAA
AhHa Ky e 2Ha Vv OWRIIEET
............................................. R . WA
AF TN VDOFED = F A LB DT e i
Evolution and geographical distribution of Elaphurus
(Cervid, Mammal) «eeeessreeessmmeesannnennnnn Otsuka, H.
TR EH w1 v FLh & o & Ep
FHEE - 0D g vveerveneeemnneeennnre s EHEL
Juxtaposition of Tethyan and non-Tethyan Mesozoic
radiolarian faunas in mélanges, Waipapa Terranc,
North Island, New Zcaland
--------------- Aita, Y., Sporli, K. B. & Gibson, G. W.
B A T D ECA AT FLER D il B (TR - W PR FD R
il BB K FOE LA B o & By L IR T %

................... teeeeeeeeeeen s NAB TR ER o (4 ROTR
Twin U R & 5 EEFILR Glabratella O JETERHT
............................................. EEE . bR %
WREDF S~ | RE - BEMS
............................................. BARE— - AT
B RGBS — 2D 2. (HkRE L RHRE
............................................. HMEE - BRE—
Mandarina(Bg B )W 313 B TRETO R & 285 v eee T &

AR T IEREE Pulophyllum BOFREREIZL S



ORI AR - Ak EW
Jegin 1S TR Otozamites H:d N TRHLE
............................................. FKAERT « AR
ikl S & T v ® F A b Madagascarites O & JHED
PEE B e vrerrerrererrrr i M HHEE LR BB
Endocochliate embryo model in the Ammonitida
......................................................... Tanabe. K.
U O A IER RS I 1 B BB T REF1 % 22
............................................. (‘@Eﬂf@[}& o ez
ML Loxoconcha uranouchiensis o 42T
............................................................ M]’ff.%i
%&FWWFEUILOL"C .................................... ﬁm)ﬁjf
BRRCK T B A AT 1 o 7 RIEF SRS & 2 DR <
P [P+“jfﬁf . mgﬁ]%k
CETORH L > TRLET BT v F o x A—BEH
BPAF oy T Y K Laverreretnanernitiiniiiin. HEGIEZT S
B4 A FLH Pararotalia nipponica (Asano)o i PE{) 25
............................................. BRI . | 9
HENLEND L) BYRTOREFAROTNE L 4TE
............................................................ km
7 Vv & =HA Globularia fluctuaia (Sowerby) D fh
& X DEETEFN TR eeeeeeeens MR E « mE L
FKEEY = Y Endoxocrinus parrae (28 5415 B
B — R X B D — e N3
*Venericardia™ subnipponica(#iFttt, — KB ) 4: BIkTE
............................................. AR o HHE T

B AR B 2te Limopsis OERE & dAfE - H0 55— 18
YN PV YIARFREZYV)DRL LAYV TIHBND

growth band {2 DU~ reeerereeennees TR — « IR 3%
7872y EDOWEREEOE - BIKF - L2
AR A LHEE S D B RAEDRR <2 -~

............................................................ ,J\,j-/]-fgfzz
B TR EOWEE L SO EE T
.......................................... qggi ’;m: . i,ﬁﬁq;ﬁf—
R LI AP R K R R A FLRAE TR e REJNEL P4
MEGHES L O EE T ML EREEIZoWT
.............................. Yo 2T » WiBRRF « A I
# A 4L Doi Pha Phlung it o> — &g L RILAE R
B L e LT LT T T LT T TR PIS PO O RORN R - N
B IS D “ LE N 2R DL e SRESE
FE =B RS OB R i 7K K 5 8

An carly Late Oligocene age indicated by diatoms for a
primitive desmostylian  mammal Behemotops from

castern Hokkaido, Japan

----------------- Saito, T., Barron, J.A. & Sakamoto, M.
BIS L BB A o R — R = B0 o R b
............................................................ e

g s E A s S P LoD 2 F A I R RORCR
(LIRS e ereeemereeee s WOFY . S5 B
Eucyriidiellum pryerum(> = 7 IO WL BB 2o
T T R T T R R R T T PR PL TR fﬁﬁ?,] %
5 i LR 4 LI > B B S AT s 1 B RS = 5
Ao BB R B A D T e eeeeeeee RGBS < g &
Wi et A B 0D B SE Loveveeveemeeeememeemesnenns K ER
< o FR R R LA Unuma echinatus BEE)D HFE
LB vevereeseeeesese et AR W

L - PGS o I 7 & LT
............................................. HERR - BR -
PG IR B HOR & 0 BEH L c BB Y v b fiicoun T
............................................. AR » AR
BV A LA K R E S oD DY BB (b 5 o> — BT i
T TSRO RS « K AKFIA
7 — v L BRAE o0 B Ot A AR O L s o T
.............................. IUBBHE & « kT o JI| U T
BN B NS Yaadia o - FifE
............................................. HACIE.Z « i %
BB LB E D Sphenoceramus schmidii
............................................. M o e EACES
BB TEHEBED T / €5 4 AICDWT
.............................. sk — « HCTES « gy =%
Arcid-Potamid fauna of the Myouzawabashi Formation,
Yamagata Prefecture, northeast Japan
----------- Sato, Y., Yanagisawa, Y. & Yamamoto, T.
PriE I - J D T =R Calyplogena pacifica Dall
[ 1 W LTI TR TP RTPPPRTN R TAL o KEPRIE - £ B
Vicarvella O TEHEEE oveeremreeremren EREGA
PO > ¥ o Y FREEF LSOV T- B R R
2 a FHROEH Eucyriidiellum
....................................... KO HE « KAMIGER
H AT O RO P HEZEAL(E K TG 3 Site 384 Z iy
G L) sererermrrenrsain i E*THE%
9 X H A (Pseudocardium sachalinensis (Schrenck))D %]
JHIBEHE LT DU T eeerereessnenseennensnanieaienseennans [ERN=Y
Anthonya DFSHEEALIC DT woeeee & - HIUEZ
WM E R & 5 (b— Cytheropteron  uchioi(4H 1 )
species group il & LT— itz lZ » Malz, H.
HERREEE 7 v F 1 + Polyptychoceras O AL
DT —REECE TR e B)Ilsa]
Evolution of some Late Cretaceous desmoceration am-
monoids «+e-- Hirano, H., Okamoto, T. & Hattori, K.
REESFHOKBr BB L 0V ERTAT7T v/ 1 VHE
............................................. PEH R - BT



B HUR R 2L LT (KPS 0 W & 0 il 5 ~
L AFET v A FENS DT RIS 1« PEII LG bk
BRI Mife 7 v & 7 1 b Reesidites minimus (Hayasaka
et Fukada)o 43 S FERE T veereereeeeenenns LBk
A gigantic ammonite from Hobetsu (Hokkaido)
................................................... Matsumoto, T.
HEFl &7 v = > 1+ 1 Yokoyamaoceras™ & “ Kit-
chinites (Neopuzosia)™ @~ HBIRICDT
............................................................ ﬁﬁm "ﬁ'ﬁ
FIdfifC 7 v = 1 & Tetragonites O JSTELE S 8 HH L
de bl FAERERE 7 R e =LA

............................................. {!ZJ" % . )|H:f/”![§
M ARAL Ll « BRI A R B ER L A SR
ACropyge 1o\ T  woernerrenesenans INR e S5
v ETR TR I BT o B AL A TS D U T KEF IR
HA D Trachyleberis J§ -+ rreeivvereeesnennn KEET
BEHIE D Krithe( N EHUE)—ZF DA HE & 55—
............................................. B e el
MNEBRIEHER Y P O TEE > A b PR FARIEE S
MR ST HERE Lic R o s v v o 28R WCE
............................................. P, « BPETY

e Inc B % BAIKRA R ILRO R 54V 540
BKHE < AHEp o> KB ~ KBERNAR L8 B A A7 4L

[1:0/0 % 3 (s LR TSP E PP PR PPIP PRI PPIPPRIR: HERME « fyss g
RERF RS R I T o B B A A LB SR
............................................. *){iﬁ]‘g . ’EEBJ}:'L’
AN T B AR FLE Trochammina OFEEEAL
............................................. A S o L =
BB S 2 Bl A LR BLfF & 0 FE LAl
B s 1 B it o A FLHUBE S D ZE{L— 1960 FAL &
lt@)'(» L T rrrmrememrrneeeenianinninen. ﬂ“_u oy« T-HuLJT i
7 2R L O 2T < ADE R W OB FH LA S <
(G BE D HE G eeeeeereeeeeennnnnnns b - FBABLD
EEDBAENTIREEE e (HERIEG - bz

FEARFEF O SEHME HILRILA 1 Thn s & & HEAEH
FagACHibE, #H BB R O B AR SR
FERMTRIAFR Cv &6 - o R B ER O A H B

HUPE L D e emeeeerveesneenneens FIIE— « FIYea -
g va s iR = @ EE D Sphenoceramus  nauman-
TR X Q' e 1 W S GE TR TR TR PRPPRPPPP FYCaE— « FLlE—
v ER R BT K 42 8 (B AU )b oo HAL AT 8 4 8 o0 R
R LT URIUPPPPPRRRN: S et
& & E W o frame-builders. £ @ 1. Auloporidid
Tabulala  eeeeeeeerrvmmmmmarieeeenens RS « Bt -

“EKE HARWEET dc BB reel destroying organisms,
HICZ ORERERIC BT B BRI Tore RBH#--

57

AL E LI R SR O HEREHT & BUA A M

............................................................ 'I/L';H-;z;f;l)j
Pl A0 2 ¥ et T2 BE oD HEBY s
--------------- VHIISE A « 40 0« FRRUTE « b SRR
Wi & 2 A b F it # Il oo &bt el /N
HAW I 2 B8 Ae Sl & R A eeeeeeeeees Bt e
HERTEIC RS T D EREO 5 & BEE S O HERH R
............................................................ ;ﬁ."% JL
RIS F s A B oK T g 28 B ke L 2o iR
AN E HALAT R DA B e Jbkt B H
R A I HEE OB LU S e ALkt R A
At e LT o> 1l R/ 55 RN R oo B A7 FL (b A B
[ 22T T PR R PEN s
JeitgsE o az EB A Wi RE Piceoxylon 03 b
............................................. PEE 3 e W
NTAREE D 7w APE AL L2 FA DT/
(LA & DR e S - - PHIH YY)
HAW#EET 1+ 2 v+« b7y Z7HBUTOND R R B
(}k ......................................................... [“[};]FT‘F[]}]
A A#EOHE = 7 KH-79-3, C-3th oA M & 47 i 4
S A BABE AT e RBUR T o DOBHE + K35 EE
KM« BRI s B BB E FLI Globorotalia menar-
dii @jiig é@g‘{\”ﬁ ................................. &“mj%{:j‘—‘_
HEINE, DA BB RO 6500 5 LARE o B
P e Ny

RRAY—ty 3>
WIZED T r A MY v 27 e 38—l L BRIBHED R
............................................................ {}I 4 * H{l
A=A PV THEZ A — v X5 v PO D - %I
B A (TR <o ALY » Murray, C.G.

ERN&ESR

W £ A FEARORECHT S G
................................................ IR A dK B

[Shallow Tethys, 3, SENDAIL, 1990 EWNHL#E 14
.......................................... ZE A /NSRS T RR

-

---------------- BEEGA  FDABE A - BTERRSE - BN -
SISPECI L 7o 2 2 4 A B0 b &t LA —



58

EIER D LBE LR E O R &R

New members approved at the Council Meeting on February 2, 1989

Kazue Fukasawa
Hisao Hashimoto
Koichiro Tamura
Satoshi Yamakita
Ryuji Hayasaka
Satoshi Matsushita

New fellows approved
Yoshiaki Aita
Ryouichi Tabuki

Seceding members
(Ordinary members)
Yukari Arai
Y oshiki Kikuchi
Tsutomu Sato
Hiromi Nomura
Masami Takechi

(Fellows)

Nobuo Kobatake
(Fereign Members)
I. Keith Rigby

Foank H. Kilmer

(Patron Members)
Shinnisseki Oil Exploration Co., LTD.
Abudhabi Oil Co., LTD.

Kazuhiko Ido
‘Fe P. Tumanda
Arata Momohara

Hirotaka Hamada
Masamichi Shiozaki

Keisaku Ishida
Toshiaki Maruyama

Masao Ishida
Akira Kujime
Masamichi Shibuya
Sachiko Mitsui
Azuma lijima

Hidekuni Matsuo

Chia-Ching Wang

Kosho Hanzawa
Yasuyuki Miyama
Fumio Takahashi
Kenichi Nakao
Hiromitsu Ito
Michiaki Yumoto

Tamiko Ohana

Yoshinori Kato
Masabumi Gokan
Kaoru Nakazato
Tokue Hayashi
Gunpei Mori

Heng Ee Yin



-

s s rorsrvrorvrssooes

P et PP PP r P r P s PP Pt Pt P P P PPt P e P PP PP rP o P PP r P e P PP PP PP et s P PP P st st st st rvrtrtrvrtvrororsrssssss

mEEER
Ra)lIEM
BH AEEARR)
MR
# S
s —m
TR A

T 113 FRAESCRKIRAE 2-4-16
AAF SRRV 2 -
HAGEWFEST

(1989-1990)

K
hnE
K%
BF H
T
NE

B i e

© 1989 £E48 138 142 19894 6 A 24 H-25 HOM A RIBAY CEEIh T T, #E
HuAL 4 A 10 BTHDE LR TWET, hBRBAZETHE BB DL 19654 9
H25 HOE I EFIESLUREC 4 ESHIDZ L TT, TBBEFE] b LATRANS
BEERFVAHLEDIZ, $5-TIEMTF &,

O 1990 FEELFBLIT 19902 F 2 A ~4 H BAKXRY CHEOTFETT, #EtAR
19894 11 A20 B ETTY, BEhELSBEVLLET,

Q#EFEFAIKELYEDT—A2BITLL, FEREINREZED 15T, —EBT
DEETHH F T TREBHLIAATT IV,

CoE 2]

He B %

i
)
HE

G

OXMEHFHRERDE FRXRLFRER) L 5,

F &

1989% 4 A 250 E Rl

19894 4 A308 % {3
ISSN 0031-0204 B OoE E

HABREWESHRE - L F
% W 153 % R S
R
2,500 [

B A & & ¥ % £
T133 BRECRXIRAE2-4-16
BAZREH L 2 - K

g E 03—817—5801
OB X R B B % A
& &
" E B F

lEMEKRKAT o A 76 ET8-45
ERERARIBRA ST  EREE
Atk 022-288-5555 HAR 455-4415

D it A L DS USRS §

A



Transactions and Proceedings of the Palaeontological
Society of Japan

New Series No. 153 April 30, 1989

CONTENTS

TRANSACTIONS

870.

871.

872.

873.

874.

Hiroshi Nishi, Satoshi Yokota and Tsunemasa Saito: An Early Cretaceous
(early Middle Albian) planktonic foraminiferal fauna from the Hinagu Forma-
tion of Northern Kyushu, Japan........ ... ... . ... . .. . ...
Tatsuro Matsumoto : Some inoceramids (Bivalvia) from the Cenomanian
(Cretaceous) of Japan — V. A world-wide species Inoceramus pictus Sowerby
from Japan . ...
Saburo Kanno, Kazutaka Amano and Hiromitsu Ban: Calyptogena
(Calyptogena) pacifica Dall (Bivalvia) from the Neogene System in the Joetsu
district, Niigata Prefecture ......... ... ... . i
Takeshi Kozai: A study of Corbula and Nipponicorbula (Bivalvia) from the
Cretaceous of Japan . ...ttt
Tsugio Shuto: Gemmuloborsonia, a new genus of the family Turridae (Gas-

tropoda) from the Plio-Pleistocene Cabatuan Formation, Northwest Luzon. .

PROCEEDINGS ..

25

36

48
55



