ERARE 5 TFAN
A 2

Transactions and Proceedings

of the

Palaeontological Society of Japan

New Series No. 63

HAE W %R

Palaeontological Society of Japan
Sept. 30th, 1966



CONTENTS

TRANSACTIONS
Page
509. Molluscan Fauna of the Higashi-Innai Formation of Noto Peninsula,
Japan—I. A General Consideration of the Fauna ....K6ichir6 MAsupA 261
510. Notes on Ammonites flaccidicosta ROMER from the Cretaceous of Texas
.................................................. Tatsuro MAaTsuMoTO 294
511. Upper Permian Fusulinids from the Taishaku Limestone in West Japan
Kimiyoshi SApA and Tsuruo Yokovama 303

President: Kiyoshi ASANO

Councillors: Kiyoshi Asano (Editor of *“ Fossils ), Haruyoshi FuJimMoTo, Tetsuro
Hanal (Editor of Transactions and Proceedings), Wataru HASHIMOTO (Trea-
surer), Kotora HATAIL Ichiro HAvASAKA, Koichiro ICHIKAWA, Taro KANAYA,
Teiichi KoBAYASHI, Tatsuro MAaTsumoTO (Editor for Special Papers), Masao
MINATO, Hiroshi OzAxi (Planning), Tokio SHIKAMA (Membership), Fuyuji
TAKAI (Chairman of Executive Councillors’ Committee), Ryuzo TORIYAMA

Secretaries: Takashi Hamapa, Hisayoshi 166, Yokichi TAKAYANAGI, Yasuhide

IWASAKI

All Communications relating to this Journal should be addressed to the
PALAEONTOLOGICAL SOCIETY OF JAPAN
Geological Institute, Faculty of Science, University of Tokyo, Japan



Trans. Proc. Palaeont. Japan, N.S,, No. 63, pp. 261-293, Sept. 30, 1966

509.

MOLLUSCAN FAUNA OF THE HIGASHI-INNAI

FORMATION OF NOTO PENINSULA. JAPAN—I
A GENERAL CONSIDERATION OF THE FAUNA*

KOICHIRO MASUDA

Department of Geology, Miyagi University of Education, Sendai
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Introduction

Since the first report on the molluscan
fossils from the Miocene Higashi-Innai
FFormation. Noto Peninsula, Ishikawa
Prefecture (MASUDA, 1955, 1956), strati-
graphical studies (IsHibA and Masupa,
1956, IsHIDA, 1959) have progressed and
abundant specimens of molluscs and
other fossils were collected from the
formation.

The present article is
port on the molluscan
Higashi-Innai Formation. In the present
study an analysis was made on the
molluscs which were associated with
other fossils from the viewpoint of
paleobiology. Thirty-four new species
and one new subspecies are described.

The materials studied are preserved
in the collections of the Department of
Geology, Faculty of Education, Institute
of Geology and Paleontology, Faculty of
Science, both of the Tohoku University,
of the Saito Ho-on Kai Museum, all in

the second re-
fauna of the

+ Received February 23, 1966 ; read Septem-
ber 25, 1965 at Nagasaki.
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Sendai City and of the Geological Insti-
tute, Faculty of Science, University of
Tokyo in Tokyo. Some specimens in the
collection of the Kanmachi Primary
School in Yanaida-mura, Fugeshi-gun,
Ishikawa Prefecture were also studied.
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Outline of the Geology

The strata (Fig. 1) distributed in the
northeastern part of the Noto Peninsula
were classified (Masupa, 1954, ISHIDA
and Masuba, 1956) as described below
‘in ascending order.

Konosuyama Volcanics: Andesite, basalt
intercalated with Shinobu Diorite, volca-
nic breccia and tuff breccia.

....(stratigraphic relation uncertain)....

Tokunari Formation: Green or gray mas-
sive rhyolitic tuff breccia and pumice
tuff with andesite, basalt and dacite
lavas.

...... (unconformity)......

Higashi-Innai Formation: Subdivided into
the Orito, Fujio and Akagami Mudstone
Members. The Orito Member consists
of wuff breccia, lapilli tuff, pumice tuff,
stratified fine tuff, tuffaceous mudstone
and tuffaccous sandstone and yields the
Orito Flora (Istiipa, 1964) which is char-
acterized by Liguidambar, Comptonia,
Alnus, Betula, Zelkova, etc. The Fujio
Member overlies the Orito Member and

interfingers with its upper part in the
northeastern area but thins out eastwards.
It comprises conglomerate, sandstone and
an alternation of sandstone and siltstone
with molluscs. corals. echinoids, crabs,
sponges, foraminifers. calcareous algae,
etc. The Akagami Mudstone Member
is the uppermost part of the Higashi-
Innai Formation and consists of strati-
fied mudstone. In the central to western
areas the formation can not be sub-
divided as in the northeastern area.
...... (conformity)......

Awagura Formation and Iwakurayama
Rhyolite: The former comprises strati-
fied rhyolitic tuff breccia, pumice tuff,
pumiceous fine tuff and sandy tuff, and
the latter plagio-rhyolite which erupted
during deposition of the formation.

--....(conformity)......

Najimi Formation: Tuffaceous mudstone
and diatomaceous mudstone with a layer
of glauconite in the lower part. The
lizuka Diatomaceous Mudstone Member
occupies the upper part of the formation
and is distributed in the eastern area.
Conchocele disjuncta Gauss, Lucinoma sp.,
etc. occur throughout the formation.

«.....(unconformity)......

Minamiyama Volcanics: Trachytic dole.
‘rite and trachytic basalt. Considered to
be products after the orogenic movements
in the region.

...... (unconformity)......

Coastal Terrace Deposits: Deposits of
sand, mud and gravel in several heights
of 25m to 150 m above sea level. The
so-called Hiratoko Bed occupies the 25 m
to 50 m high terrace, and abundant mol-
luscs and foraminifers were recorded
from the type locality.

The faults and folds in the present
region have axis trending about east-
west and are post-Najimi and pre-
Hiratoko in age.

Stratigraphic Notes on the Higashi-
Innai Formation
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The Higashi-lnnai Forma-
tion is distributed in the east
of Wajima City, Suzu City
and in a part of Yanaida-
mura, Fugeshi-gun, occupy-
ing an area of about 30 km
in east to west direction and
about 15 km in north to south.
The formation is displaced
by many folds and faults,
most of which trend from
east to west.

The lithological facies of
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§ s the Higashi-Innai Formation
;S i ' § are very variable and there-
L L i § fore they will be described
§ HI ; according to area as follows.
§s o z
— SR (1) Nishi-Innai—Kanagura
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—Terayama Area (Fig. 2)
The Higashi-lnnai Forma-
tion is about 200 m thick at
Higashi-Innai. It comprises
conglomerate intercalated
with thin sandstone. siltstone
and lignite seams, fossilifer-
ous very coarse- to coarse-
grained sandstone or con-
glomeratic sandstone, medi-
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the formation is mostly of
conglomerate which occupies
about 2/3 of the whole thick-
ness. It overlies with uncon-
formity the green colored
tuff breccia of the Tokunari
Formation. The thin silt-
stone of the uppermost part
attains only a few meters in
thickness and is overlain by
the white to gray colored
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Fig. 2. Columnar sections
’ ? .3 ] in the Nishi-Innai—Kanagura
t A - - —Terayama Area.




5309. Molluscan Fauna of the Higashi-Innai 265

stratified fine tuff of the Awagura For-
mation with conformity; this may cor-
Tespond to the Akagami Mudstone Mem-
ber in the northeastern area. This
siltstone gradually becomes thicker east-
wards and near Kanagura it can be
classified as a member.

This formation is thickest (about
300 m) at Nishi-Innai, west of Higashi-
Innai (type locality of the formation),
but it rather abruptly becomes thinner
westwards and gradually thins out. In
the western part of the area this forma-
tion overlies the Shinobu Diorite which
intruded the Kénosuyama Volcanics.

In the eastern area the Higashi-Innai
Formation overlies the tuff breccia of
the Tokunari Formation and gradually
becomes thinner and consequently the
lower part consisting mainly of conglo-
merate also decreases its thickness.

At the west of Terayama this forma-
tion is about 10 m in thickness and com-
prises only siltstone and sandstone.
However, at Terayama and Sarugaba
the formation is composed of conglo-
merate, sandstone, siltstone, etc. and
attains about 150m in thickness, but
eastwards it thins out.

The pebbles of the conglomerate are
usually subangular andesite, basalt and
diorite in the vicinity of Higashi-Innai
but in general, the pebbles gradually
become smaller and rounder eastwards.
Diorite pebbles are common in the con-
glomerate and found distributed in the
vicinities of Nishi-Innai and Higashi-
Innai; these also tend to become smaller
and gradually disappear eastwards.

Lignite layers are well developsd in
and around Terayvama but elsewhere
only thin lignite seams are found. Fossil
shells are generally abundant but in the
western part of Nishi-Innai, the vicinity
of Suzuya, in the west of Terayama
and the eastern part of Sarugaba none

could be found. Small oysters attached
to cobbles or boulders and drifted silici-
fied woods are found in the lower con-
glomerate part of the formation in the
vicinities of Terayama and Sarugaba.
Drifted silicified woods are also found
in the coaglomerate near Nishi-Innai.
A thin pumice tuff layer is intercalated
in the lower part of the conglomerate
at Tannoji and Kanagura.

(2) Southern Kanagura-Tokunari-
Hizumewaki Area (Figs. 3, 4)

This area occupies the southern wing
of the anticline which axis trends east
to west through Kanagura. The Higa-
shi-Innai Formation overlies with uncon-
formity the uneven surface of the green
colored tuff breccia of the Tokunari
Formation and is overlain by the Awa-
gura Formation with conformity. In
this area it is composed of conglomer-
ate, lignite layers, sandstone and an
alternation of sandstone and siltstone.
The siltstone in the upper part of the
formation corresponds to the Akagami
Mudstone Member in the northeastern
area. As in the Nishi-Innai-Terayama
area the Higashi-Innai Formation can
not be subdivided into members.

Thick lignite layers occur in the lower
part of the formation in the area south
of Kanagura, Tokunari and Onishiyama,
but southwards from Tokunari and
ﬁnishiyama the layers become thin.
Comparing the formation in the Nishi-
Innai-Terayama area with that in the
present one, the thickness in the latter
area is much less, especially the con-
glomerate in the lower part is very thin
and the pebbles very small.

At Munehiro the Awagura Formation
directly lies upon the tuff breccia of the
Tokunari Formation with unconformity
and the Higashi-Innai Formation is not
developed.
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Fig. 3. Columnar sections in the southern Kanagura—Tokunari—Kamogawa
Area (AW : Awagura Formation: AK: Akagami Mudstone Member of Higashi-
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Fig. 4.

Columnar sections in the Nishivama—Hizumewaki—Uwadani Area (AW :

Awagura Formation; AK: Akagami Mudstone Member of Higashi-Innai Formation :
F: Fujio Member of Higashi-Innai Formation: T: Tokunari Formation).

Fossil shells are abundant in the car-
bonaceous sandstone to sandy siltstone
overlying the conglomerate and lignite
layers.

(3) [shii-Sasagawa-Wasumi Area
This area is situated in the south of

the Kanagura-Tokunari area. In this.
area the Higashi-lnnai Formation attains
only 15m in thickness and overlies the
tuff breccia of the Tokunari Formation
with unconformity, and is composed of
glauconite bearing tuffaceous medium-
to fine-grained sandstone; its distribu-
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tion is restricted to a small area. It is
overlain with conformity by the Awa-
gura Formation. Abundant sponges occur
from the formation in association with
molluscan shells in the glauconite bear-
ing sandstone.

(4) Mukaiyama-Fujio-Otani-Wanizaki
Area (Fig. 5)

The type locality of the Fujio Member
is in the east of Fujio, Suzu City. It is
about 110 m thick. The Fujio Member
consists of conglomerate intercalated
with carbonaceous siltstone and sand-
stone with drifted silicified woods and
plant fragments, conglomerate and con-
glomeratic very coarse-grained sand-
stone, medium- to fine-grained sandstone
and an alternation of sandstone and
siltstone in upward succession. A thin
pumice tuff layer is intercalated in the
conglomerate forming the lower part of
the Fujio Member which overlies the
Kénosuyama Volcanics with unconfor-
mity. Molluscs, corals, crabs, foramini-
fers, echinoids, etc. are abundant in the
conglomerate and conglomeratic very
coarse- to coarse-grained sandstone. Fos-
sil shells also occur in the carbonaceous
medium- to fine-grained sandstone.

The Fujio Member is overlain by the
rather thick Akagami Mudstone Member
which is superposed with conformity
by the Awagura Formation.

South of Mukaiyama, about 1.5km
west of the type locality, the Fujio
Member is about 30 m in thickness, but
at Maura. west of Mukaiyama, where
the Higashi-Innai Formation is not de-
veloped, the Awagura Formation lies
directly on the Kénosuyama Volcanics.

Fig. 5. Columnar sections in the Mu.
kaiyama—Fujio—Otani—-Wanizaki—Kénami
Area (AW : Awagura Formation: AK:
Akagami Mudstone Member of Higashi-
Innai Formation; F: Fujio Member of
Higashi-Innai Formation: K: Kénosuyama
Volcanics).
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At Kakuma, about 2km east of the
type locality, the Fujio Member is about
20m in thickness and consists of con-
glomerate which covers with unconfor-
mity the Koénosuyama Volcanics and
conglomeratic very coarse- to -coarse-
grained sandstone in which occur larger
foraminifers, echinoids, calcareous algae
and a few molluscs. At this place the
alternation of sandstone and siltstone of
the upper part of the member is not
developed, but a glauconite bearing sand-
stone of about 1m in thickness defines
its uppermost part. The coarse-grained
sandstone which yielded numerous Mio-
gypsina, echinoids, calcareous algae, etc.
is distributed in the west of Doguchi,
about 15km northeast of Kakuma,
where at its basal part a boulder con-
glomerate overlies the KK6nosuyama Vol-
canics with unconformity. The glau-
conite bearing sandstone mentioned
above is developed at the upper part of
the Fujio Member. At Otani, about 2 km
northeast of Doguchi, the Fujio Member
consists of boulder conglomerate inter-
calated with siltstone and sandstone,
pebble to granule conglomerate, conglo-
meratic very coarse- to coarse-grained
sandstone, medium-grained sandstone
and thin glauconite bearing sandstone
in upward succession. Abundant mol-
luscs, corals, crabs, echinoid spines, Oper-
culina, calcareous algae, balanids, etc.
were found in the conglomerate and
conglomeratic sandstone.

Eastwards from Otani the Fujio Mem-
ber overlies and interfingers with the
Orito Member and tends to become thin
out.

(3) Kakuma-Sotonoyama-
Kobunayama Area
This area is situated in the east of

Kakuma. In this area the alternation
of sandstone and siltstone of the upper

part of the Fujio Member is usually
better developed than the conglomerate
and sandstone. In the south of Kakuma
the Fujio Member overlies the Kénosu-
yama Volcanics with unconformity and
is composed of conglomerate with lignite
seams intercalated with siltstone and
pumice tuff layers, conglomeratic sand-
stone, very coarse- to coarse-grained
sandstone and an alternation of sand-
stone and siltstone in upward succession.
The lower part is about 30m in thick-
ness and consists of sandstone and con-
glomerate. Larger foraminifers, bryo-
zoans and molluscan shells are abundant
in the conglomeratic very coarse-grained
sandstone.

At Yoshiro and Sotonoyama molluscan
shells were collected from the coarse-
grained sandstone and a few oyster
shells and silicified woods were found
in the conglomerate.

Abundant larger foraminifers, echino-
ids and molluscs were found in the very
coarse- to coarse-grained sandstone in
the southwest of IKobunayama. The tuff
breccia exposed at the just mentioned
place may correspond to the Orito Mem-
ber in which lower part is of the tuff
breccia, whereas in the upper part is an
alternation of sandstone and siltstone of
ill development.

Lignite layers are found in the tuf-
faceous sandstone and siltstone of the
Fujio Member in the vicinity of Nakao,
about 2 km north of Sotonoyama.

(6) Kdnami Area (Fig. 5)

At Koénami at the eastern end of the
Noto Peninsula, about 13km southeast
of Matsunagi and about 20km east of
Sarugaba, abundant molluscan shells and
corals are found in the conglomerate
and conglomeratic very coarse- to coarse-
grained sandstone, both of which are
referable to the Fujio Member. These
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are superposed on the volcanic breccia
of the Koénosuyama Volcanics. The
Akagami Mudstone Member is not de-
velopad in the present area.

(7Y Remarks on the Scdimentary
History

Judging from the extensive unconfor-
mity mentioned above it may be con-
sidered that the present field was sub-
jected to intensive erosion before the
marine transgression which lead to the
deposition of the Higashi-Innai Forma-
tion. The lithologic features and Orito
Flora of the Orito Member suggest de-
position in a lake in the northeastern
area.

The Higashi-lnnai Formation was
deposited on the Tokunari Formation
and Konosuyama Volcanics of tuff brec-
cia, andesite, basalt, diorite and volcanic
breccia. Considering from the variation
of the sediments, thickness of the de-
posits and irregular unconformity sur-
face of the Tokunari Formation and
Konosuyama Volcanics it is evident that
the marine transgression was influenced
by the physiographical features of (he
hinterland. The present field, judged from
the distribution of the basement rocks
of the Higashi-Innai Formation, may
have been an area of irregular topogra-
phy consisting of islands and indented
coast line.

The development and distribution
of the lignite in a limited area and the
variation in the thickness of the depo-
sits and in lithologic facies can be ex-
plained by the environmental conditions
during the deposition.

From the distribution and thickness
variation of the conglomerate in the
lower part and the lateral changes of
the lithology of the Higashi-Innai For-
mation, it is judged that the seas of
that age flowed into the present field

from the northwest towards the south
to southeast as mentioned previously
(Masuba, 1951).

During the deposition of the Higashi-
Innai Formation the brackish water en-
vironments are believed to have existed
at places as is judged from the sulpher
content in the lignite developed at Toku-
nari and Kanagura being less compared
with that of Terayama and Onishiyama.

The seas are considered to have gradu-
ally invaded the southern rather lowland
from the northwest, while the norihern
area subsided gradually, resulting in the
rather thick alternation of sandstone and
siltstone and mudstone (Akagami Mud-
stone Member) in the northeastern area
and thin glauconite bearing sandstone
in the southern area.

Molluscan Assemblage
(1) General Statement

The living molluscan assemblage is
composed of the species which are
adapted to the physical and biological
phenomena which constitute the environ-
ment. But the fossil assemblage of any
locality may be the total accumulation
composed of a biocoenosis and a thana-
tocoenosis. Therefore, to interpret the
geological and paleoecological significan-
ces of the fossil assemblage it is neces-
sary to made an analysis of the fossil
composition from the view point of the
presence or absence, abundancy, size-
frequency distribution and their mode
of occurrence in order to know the en-
vironmental conditions at the time of
deposition.

(2) Fossil Locality
The following list includes the locali-

ties of molluscan shells of the Higashi-
Innai Formation except for several
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where only a few and imperfect speci-
mens were found. The lithological char-
acters, mode of occurrence, preservation,
facility of sampling, representative
species, important associated fossils and
general remarks are given for each
locality.

(a) Description of locality

1. Locality No. 1.

River cliff near the junction of two small
roads, south of Nishi-Innai, Wajima City
(Lat. 37°2418” N., Long.137°02:43" E.).

Lithology :—Calcareous granule conglome-
rate to very coarse-grained sandstone
with some carbonaceous matter (Lower) :
medium-grained sandstone (Upper).

Occurrence :— Abundant  and  crowded:
water worn and fragmental shells com-
mon (Lower) : few and sporadic : cojoined
bivalves not rare: arranged parallel with
the bedding plane (Upper).

Sampling :—Difficult (Lower); rather easy
(Upper).

Representlative species:— Selariella  sp..
Littorinopsis miodelicaiula Ovama. Pro-
terato  minoensis Itoicawa, Mitrella
noteensis. n. sp., etc. (Lower); Osirea
gravitesta YOKOYAMA, Dosinia tugaruana
Nomura. cte. (Upper).

Associated fauna:—Operculine complanata
japonica Hanzawa (C*), Psopheticus sp.
(fragments—F). Bryozoa (C), Echinoid
spine (C), Calcareous algae (C), etc.

Remarks:—The calcarcous granule con-
glomerate of the lower part gradually
changes to the medium-grained sand-
stone of the upper part. From the mode
of occurrence it is evident that the lower
molluscan assemblage was transported
to the site of burial. The pelecypod
shells of the lower part are characterized
by the small shells. The upper mol-
luscan assemblage may represent a life

assemblage.

*—Abbreviation: A—Abundant :
mon ; F—Few ; R—Rare.

C—Com-

Kerehirs
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2. Locality No. 2.

Right small river cliff near the outlet of a
small tributary, about 500 m south of
Nishi-Innai, Wajima City (Lat.37°2421"
N., Long.137°02:38” E.).

Lithology :— Medium-grained sandstone
with some carbonaceous matter.

Occurrence :— Common and sporadic but
partly crowded; shell materials dissolved.

Sampling :—Rather difficult.

Representative species :—Anadara cf. maki-
yamai Hatar and NisiyaMma, Ostrea sp.,
Turritella cf. yoshidai KoTaka, etc.

Remarks :—This assemblage represents a
death assemblage and may correspond
to the upper part of Loc. No. L.

3. Locality No. 3.

River floor and small road side cxXposure
at Higashi-Innai, Wajima City (Lat.37°
2434 N., Long. 137°03700” E.).

Lithology:— Very coarse- to medium-
grained sandstone with some carbonace-
ous matter.

Occurrence :—Abundant and crowded ; ap-
parcntly fresh but isolated bivalves com-
mon ; Jlarge shells usually arranged
nearly parallel with the bedding plane.

Sampling :—Rather easy.

Representative species :—Saccella saikaien-
sis. n. sp.. Anadara makiyamai HaTal
and Nisivama. Siraloria siratoriensis
(OTuKkA), Leukoma iteigawae TsSUDA.
Tellina hamadai Masupa, Monilea hama-
dae, n. sp., Littorinopsis miodelicatula
OvAMA, Neverita coticazae (MAKIYAMA),
Cerithium ancisum (YOKOYAMA), etc.

Associated fauna:—Operculina complanata
japonica Haxzawa (C). Bryozoa (F).
Psopheticus sp. (fragments—F), ete.

Remarks :—Among the molluscan shells the
cojoined shells of Felaniella ferruginata
(Maxivama) and  Tellina  hamadai
Masupa are found. This moliuscan as-
semblage may represent a death assembl-
age, although the shells were not trans-
ported from a remote place.

4. Locality No. 4.
River cliff, about 500 m west of Tannoji,
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Wajima City (Lat.37°24'33" N, Long.
137°03/347 12).

Lithology :— Medium-grained sandstone
with a [ew pebbles to coarse-grained
sandstone with a few sandpipes.

Occurrence :—Common and crowded but
partly sporadic: isolated bivalves and
fragmental shells common.

Sampling :—Rather casy.

Representative species:—Ostrea graviiesia
Yokovama, Clinocardium ogurai (OTu-
KA), Leukoma itoigawae Tsupa, Turri-
tella yoshidai KoTAKkA, Cerithidea sirakii
(MAarivansa), Dentalium weinkauffi Dux-
KER, etc.

Associated fauna:—Fish bone (R).

Remarks :—Cojoined valves of Ostrea gravi-
festa Yokoyama occur sporadically in
the medium-grained sandstone in the
rather upper part. The assemblage
represents 2 death assemblage but the
rather upper part may represent a life
assemblage.

5. Locality No. 5.

River clifl of the Najimi-gawa at Tannoji,
Wajima City (Lat.37°24'26" N., Long.
137°03745" ).

Lithology :—Medium- to fine-grained sand-
stone.

Occurrence :—Few and sporadic; a few

cojoined bivalves: irregularly arranged.

Sampling :—Rather easy.

Representative species:—Acila sp.. Osirea
sp.. Dentalium weinkauffi DUNKER, etc.

6. Locality No. 6.

Small road side exposure near the shrine,
about 500 m north of Kanagura, Wajima
City (Lat.37°24'36”N., Long. 137°04'48"E.).

Lithology :—Medium- to fine-grained sand-
stone.

Occurrence:—Few and sporadic: shell
materials dissolved : cojoined shells rare :
irregularly arranged.

Representative species:—Anadara sp.. Cli-
nocardium sp., etc.

Sampling :—Difficult.

Remarks:—The molluscan shells are rela-
tively small in size.

Locality No. 7.

r

(B

Small road side cliff at Inomote, Wajima
City (Lat. 37°24'48”N., Long. 137°05°137E.).

Lithology :— Pebbles bearing calcareous
fine-grained sandstone with some carbo-
naceous matter.

Occurrence :—Common and rather crowded :
apparently fresh isolated bivalves and
shell fragments common: irregularly
arranged.

Sampling :—Difficult.

Representative species:—Anadara maki-
yamai Hatat and Nisivasa, Ostrea cf.
denselamellosa LiscHke, Teredo sp..
Cerithidea sirakit (Mariyasa), Cerithi-
um meisense (MAKIYAMA), etc.

Remarks:—This assemblage represents a
death assemblage but the shells may
have not been transported from a re-
mote place.

8. Locality No. 8.

Road side exposure, about 300 m ST of the
shrine, Awagura, Wajima City (Lat. 37°
25’00“N., Long. 137°0553"L.).

Lithology :(—Medium-grained sandstone to-
carbonaceous coarse-grained sandstonc.
Occurrence :—Rather common and crowded :
fragmental and isolated bivalves com-

mon ; irregularly arranged.

Sampling :—Difficult.

Representative species:—Anadara maki-
yamai Harar and Nisivama, Vicarva
callosa japonica YAt and Havai, Vica-
ryella notoensis Masupa, etc.

Remarks:—This assemblage represents a
death assemblage.

9. Locality No. 9.

River cliff, about 100 m SE of Terayama
Primary School, Terayama, Wajima City
(Lat. 37°2523"N., Long. 137°07'54"E.).

Lithology :—Coarse- to medium-grained
sandstone with much carbonaceous mat-
ter (Lower): conglomeratic sandstone
with a few silicified woods (Middle) :
calcareous very coarse-grained sandstone
with shell fragments (Upper).

Occurrence :(—Common and crowded: ap-
parently fresh shells common (Lower);
few and sporadic (Middle): few and
sporadic : fragmental shells common (Up-
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per).

Sampling :—Rather easy (Lower and Mid-
dle) : difficult (Upper).

Representative specics:—Joannisiella meis-
ensis Makivama, Cyclina japonica KAMA-
»A, Vicarya callosa japonica Yawi: and
HAaTat, Vicaryella notoensis MasubDA,
Polinices meisensis Maxiyama, etc.
(Lower) . Polinices meisensis MAKIYAMA
(Middle) : Ostrea sp. (Upper).

Associated fauna:—0Qperculina complanata
japonica Hanzawa (F), lchinoid spine
(C), etc. (Upper).

Remarks:—The shell fragments in the
upper part can hardly be determined.
They represent a death assemblage. The
lower assemblage represents a death
assemblage but it probably was not
transported from a remote place con-
sidered from the preservation of fossils,
The middle assemblage may represent a
life assemblage.

10. Locality No. 10.

River cliff, about 600 m east of Terayama
Primary School, Sarugaba, Wajima City
(Lat.37°25'30” N., Long. Long. 137°08/10”
E.).

Lithology :—Silty fine- to medium-grained
sandstone with much carbonaceous mat-
ter (Lower); conglomeratic very coarse-
grained sandstone with boulders (Upper).

Qccurrence :—Common but not crowded;
shell fragments and isolated bivalves
common (Upper) ; common and sporadic :
cojoined valves of Ostrea not rare
(Lower).

Sampling :—Rather easy (l.ower): easy
(Upper).

Representative species :—Ostrea sp., Teredo
sp.. Vicaryella notoensis MAasubAa, elc.
(Lower): Chlamys iwamurensis ITol-
GAWA, Ostrea cf.denselamellosa LLiSCHKE,
Turbo ozawai Oruxa, Rissoina naomiae,
n. sp., Cerithium ancisum (YOKOYAMA),
cte. (Upper).

Associated fauna:—Operculina complanata
japonica Hanzawa (F). Echinoid spine
(C), Calcareous algae (F), etc. (Upper).

Remarks:—Vermetus sp. attached to a

pebble and cojoined Katelysia nakamurai
IkeBE are found and the shell bearing
conglomeratic sandstone fills the space
between boulders in the upper part.
The molluscan assemblage of the upper
part may represent a mixture of the
life and death assemblages. The mol-
luscs of the lower part may represent a
life assemblage.

11. Locality No. 11.

Small road side exposure, about 700 m
south of Kanagura, Wajima City (Lat.
37°23'57"N., Long. 137°04'377E.).

Lithology :—Silty fine- to medium-grained
sandstone with much carbonaceous mat-
ter.

Occurrence:—Few and sporadic; shell
materials dissolved: arranged necarly
parallel with the bedding plane.

Sampling :—Rather diftficult.

Representative specics:—Anadare makiya-
mai HaTtai and Nisivasma, Vicarye cal-
losa japonica Yask and IlaTtar, Vicar-
yella notoensis Masupa, etc.

12. Locality No. 12.

Northern cliff of the closed Machino Coal
Mine, about 300m west of Tokunari,
Wajima City (Lat.37°24°00"N., Long. 137°
057247 E.).

Lithology :—Sandy siltstone to silty fine-
grained sandstone with much carbona-
ceous matter.

Occurrence :—Common and crowded but
partly sporadic; cojoined bivalves and
apparently fresh shells common.

Sampling :—Rather easy.

Representative species:—Anadara kurose-
daniensis Hatat and Nisiyasma, Brachi-
dontes sp., Clementia japonica MASUDA,
Cyclina japonica KaMapa, Tellina hama-
dai Masuba, Cultellus izumoensis YOKoO-
YAMA, Littorinopsis miodelicatula Oy aMa,
Teinostoma yabei MAsuDA, Vicarya cal-
losa japonica Yase and Hatat Vicar-
yella notoensis Masuva, Nassarius noto-
ensis MAasuDa, etc.

Remarks:—Judging from the occurrence
the molluscan assemblage may represent
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a life assemblage or it has been not
subjected the transportation f{rom a
remote place.

13. Locality No. 13.

Small river cliff and river floor. near the
closed Machino Coal Mine, southwest of
Tokunari, Wajima City (Lat. 37°23/49”N.,
Long. 137°0525"F.).

Lithology :—Silty fine-grained sandstonc
with much carbonaceous matter.

Occurrence :—Common and crowded: co-
joined bivalves common : arranged nearly
parailel with the bedding plane.

Sampling :—Rather difficult.

Representative species :—Anadara kurose-
daniensis 1latair and Nisivasa, Vicarya
callosa japonica YAne and Harar, Vicar-
yella notoensis Masupa, etc.

Remarks :—The molluscan shells from this
locality mainly consist of cojoined bi-
valves. apparently fresh isolated bivalves
or apparently fresh shells, The mol-
luscan assemblage of this locality con-
sists of rather fewer number of species
and rather larger number of individuals
compared with that of Locality No. 12.

14. Locality No. 11.

Small road side exposure. about 500 m SWS
of 2108 triangle point, northwest of
Tokunari. Wajima City (lLat.37°24'08"N.,
Long. 137°05°25"E.).

Lithology :—Medium- to fine-grained sand-
stone with much carbonaceous matter.
Occurrence :-Rather common and sporadic:
shell materials dissolved : arranged paral-

lel with the bedding plane.

Sampling :(—Rather difficult.

Representative species :—Anadara sp., Sole-
tellina minoensis Yoxkovama, Vicaryvella
notoensis Masubpa, etc.

Remarks :—This molluscan assemblage may
represent a death assemblage but they
were probably not transported from a
remote place as the shells mainly con-
sist of apparently fresh shells.

15. Locality No. 15.
SrnallA cliff near stream, about 1.5 km SES
of Onishiyama, Wajima City (Lat.37°23"

10”N., Long. 137°03"15”E.).

Lithology :—Coarse-grained sandstone with
much carbonaccous matter.

Occurrence :—Common and crowded ; shell
materials dissolved: fragmental shells
rather common.

Sampling :—Rather difticult.

Representative specics:—Anadara maki-
yamai HaTtal and Nisivama, Osfrea sp.,
Clementia sp.. Dentalium weinkauffi Dux-
KER, etc.

Remarks :—Judging from the occurrence
the molluscan shells may represent a
mixture of the life and death assembl-
ages.

16. Locality No. 16,

River floor, about 700m northwest of
Hizumewaki. Yanaida-mura, Fugeshi-gun
(Lat. 37°22'57”N., Long. 137°04'34"[5.).

Lithology :—Fine- to medium-grained sand-
stone.

Occurrence :—Few and sporadic: shell
materials dissolved : isolated bivalves and
fragmental shells commaon.

Sampling :—Rather diflicult.

Representative species:—Anadara maki-
yamai HaTtai and Nisivama, Clementia
sp., etc.

17. Locality No. 17,

Small clitf, about 300 m west of Hizume-
waki, Yanaida-mura, Fugeshi-gun (Lat.
37:22°36"N., Long.137°04°49"E.).

Lithology :—Silty fine-grained sandstone
with some carbonaceous matter.

Occurrence :—Few and sporadic: shell
materials dissolved.

Sampling :—Difficult.

Representative species:— Anadare  sp..
Vicaryella sp., etc.

18. Locality No. 18

Small road side exposure along the small
stream at Ishii, Yanaida-mura, Fugeshi-
gun (Lat. 37:22/05"N.. Long. 137°06'08"E.).

Lithology :—Glauconite bearing tuffaccous
coarse-grained sandstone.

Occurrence :—Common and crowded ; shell
materials dissolved : isolated and water
worn shells common: arranged nearly
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parallel with the bedding plane.
Sampling :—Rather easy.

Representative species:—Ostrea sp., Cras-
satellites suyamensis OINoMIKADO, Clino-
cardium sp., etc.

Assocjated fauna:—Aphrocallistes sp. (A).
Carcharodon megalodon (CHARLESWORTH)
(R). etc.

19. Locality No. 19.

Small river cliff near road extending from
Sasagawa to Wasumi, Sasagawa. Yanai-
da-mura, Fugeshi-gun (Lat.37°21'39”N.,
Long. 137°06’10"E.).

Lithology :—Glauconite bearing tuffaceous
medium- to fine-grained sandstone.

Occurrence :—Few and sporadic: shell
materials dissolved : isolated bivalves and
fragmental shells common.

Sampling :—Rather difficult.

Representative species:—Placopecten pro-
tomollitus (NOMURA), Delectopecten peck-
hami (Gann), etc.

Associated fauna:—Aphrocallistes sp. (A),
Terebratulina honsyuensis NOMURA and
Hatai (F), etc.

Remarks :—Perfect sponges
fragments arranged parallel
bedding plane.

and sponge
with the

20. Locality No. 20.

Cliff of the Kanmachi Primary Scghool
ground and a small road side exposure,
Wasumi, Yanaida-mura, Fugeshi-gun
(Lat. 37°20"54"N., Long. 137°06"45"E.).

Lithology :—Glauconite bearing tuffaceous
fine-grained sandstone.

Occurrence :—Common and sporadic but
partly crowded; cojoined bivalves and
apparently fresh shells common.

Sampling :—Easy to rather easy.

Representative species:—Glycymeris dire-
licta (YokovaMma), Kotorapecten kagami-
anus moniwaensis (Masuba), Limatula
minoensis Itoicawa, Thyasira sp., etc.

Associated fauna:—Terebratulina honsyu-
ensis Nomura and Harar (F), Otoliths
sp. (F). Fish scale (F), Aphrocallistes sp.
(A), etc.

Remarks:—The molluscan assemblage of

MASUDA

this locality may represent a life as-
semblage but the sponges were probably
transportéed from elsewhere.

22. Locality No. 21.

River side cliff, Wasumi, Yanaida-mura,
Fugeshi-gun (Lat.37°20'58”N., Long. 137°
06'527E.).

Lithology :—Glauconite bearing tuffaceous
fine-grained sandstone.

Occurrence :(—Common and sporadic: iso-
lated bivalves common but apparently
fresh ; arranged irregularly.

Sampling :—Easy.

Representative species:—QOstrea sp.

Associated fauna:—Aphrocallistes sp. (A),
Terebratulina honsyuensis NOMURA and
Hartat (C). Coptothyris grayi (Davip-
sSON) (F), etc.

Remarks :—This molluscan assemblage is
characterized by the small shells.

22. Locality No. 22.

Small river cliff near road, about 700 m
south of Kytiden, Yanaida-mura, Fugeshi-
gun (Lat. 37°21742”N., Long. 137°09'027E.).

Lithology :—Massive sandy siltstone with
carbonaceous matter.

Occurrence :(—Common and rather crowded ;
shell materials dissolved; cojoined bi-
valves not rare: arranged irregularly.

Sampling :—Rather easy.

Representative species :—Anadara sp., Saxo-
lucing k-hatait (OTUKa), Raeta sp., Ma-
coma. sp, etc.

23. Locality No. 23.

River cliff, about 1 km SES of Mukaiyama.,
Suzu City (Lat.37°28'05"N., Long. 137°06’
397E.).

Lithology :—Granule conglomerate to very
coarse-grained sandstone with lignite
fragments (Lower); medium-grained
sandstone (Upper).

Occurrence :—Abundant and crowded;
isolated bivalves. water worn and frag-
mental shells common but apparently
fresh and cojoined bivalves not rare
(Lower): rare and sporadic; shell ma-
terials disolved (Upper).
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Sampling :—Rather easy.

Representative species:—Saccella saikai-
ensis, n. sp., Anadara makiyamar HaTal
and Nisivasma, Chlamys  iwamurensis
IToiGawa, Ostrea cf. denselamellosa
Liscukg, Pillucina yokoyamai (OTUKA),
Clinocardium ogurai (OTuKAa), Dosinia
tugaruana NoxMURA, Clementia japonica
MAasupa, Leukoma itoigawae °‘I'supA,
Paphia suzuensis. n. sp., Siratoria sira-
toriensis  (OTuka)., Tellina hamadai
Masupa, Vicaryella ishiiane (Yoxo-
yaMma), Cerithidea sirakii (Maxiyana),
Batillaria toshioi. n. sp., Cerithium anci-
sum (YOKOYAMA), Pachycrommium japo-
nicum Kaxxo, Neverita coticazae (MAaKI-
YAMA), Phos notoensis, n. sp., Dentalium
weinkausfi DUNKER, etc. (L.ower) ; Paphia
sp., Clinocardium sp., etc. (Upper).

Remarks:—A large sized Ostrea gravitesta
Yokovama is found in the medium-
grained sandstone immediately overlying
the mollusc-rich bearing granule con-
glomerate to very coarse-grained sand-
stone. The molluscan shells of the
lower part represent a death assemblage
but may have not been transported from
very remote places.

24. Locality No. 21.

River cliff, about 500 m east of Fujio, Suzu
City (Lat. 37°27'59"N,, Long. 137°07"40”E.).

Lithology :— Coarse- to medium-grained
sandstone with abundant plant fragments
(Uppermost) : conglomeratic very coarse-
grained sandstone or pebble conglomerate
(Upper) ; calcareous coarse- to medium-
grained sandstone (Middle) ; medium- to
fine-grained sandstonc with much carbo-
naceous matter (Lower).

Occurrence :—Few and sporadic; arranged
parallel with the bedding plane (Upper-
most) : abundant and crowded ; apparen-
tly fresh shells not rare (Upper); abun-
dant and crowded: fragmental shells
common (Middle) : common and crowded
but partly sporadic: isolated bivalves
common {Lower).

Sampling :—Rather easy (Uppermost, Upper
and Middle) ; rather difficult (Lower).

Representative species:—OQOstrea sp., Maco-
ma sp., Vicarya callosa japonica YABE
and lHarTal, Vicaryella notoensis MAasu-
DA, ete. (Uppermost) ;. Anadara makiya-
mai Hatar and Nisivasa, Dosinia akai-
siana NoMURA, Leukoma itoigawae Tsu-
pA, Turbo ozawai OTuka (shell—F,
operculum—A), Littorinopsis miodelica-
tula  Ovama, Architectonica kurodae
Tsupa, Cerithium ancisum (YOKOYAMA).
Pachycrommium japonicum Kaxxo, Neve-
rita coticazae (Maxiyama), Strigatella
notoensis, n. sp., Oliva osawanoensis TSUDA,
Conus tokunagai Oruka, Dentalium wein-
kauffi Dunker, etc. (Upper): Chlamys
fwamurensis lroicawa, Ostrea cf. dense-
lamellosa LiscHKE, Clinocardium ogurai
(OTuKA), Dosinia akaisiana NOMURA,
Leukoma itoigawae Tsupa, etc. (Middle) :
Osirea sp., Anisocorbula peregrina (Yo-
Kovama), Vicaryella ishiiana (YOKOYA-
Ma), Nassarius notoensis Masuba, etc.
(Lower).

Associated fauna :—Protolobophyllia sp. (F),
Meandera sp. (1), Operculina complanata
Jjaponica Haxzawa (F), Miogypsina kotoi
Hanzawa (C), Psopheticus sp. (fragment
—F). Bryozoa (C). Echinoid spine (C),
etc. (Upper): Operculina complanata
Japonice Haxzawa (C), Bryozoa (),
Echinoid spine (C). Psopheticus sp. (frag-
ment—F), etc. (Middle).

Remarks:—The molluscan shells of the
uppermost part may represent a life as-
semblage. Those of the lower part may
represent a mixture of the life and death
assemblages. From the field observation
it is considered that the molluscan shells
from the upper and middle parts repre-
sent a denth assemblage.

25. Locality No. 25.

Small road side exposure, about 500 m south
of Nekogatake mountain, Suzu City (Lat.
37°27'54”N., Long. 137°08'16”E.).

Lithology :—Medium- to fine-grained sands-
tone to sandy siltstone.

Occurrence :—Few and sporadic: cojoined
bivalves not rare . shell materials disolv-
ed: arranged nearly parallel with the
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bedding plane.

Sampling :—Rather difficult.

Representative species:—.Acila sp., Cras-
satellites suyamensis OINOMIKADO, Leuko-
ma itoigawae TSuDpA, etc.

26. Locality No. 26.

Road side cliff. about 500 m ENLE of Kaku-
ma, Suzu City (Lat. 37°28'30"N.. Long.
137°08:50"E.).

Lithology :— Conglomeratic
coarse-grained sandstone.

Occurrence :—Rare and sporadic.

Sampling :—Diflicult.

Representative species :—Ostrea sp.

Associated fauna:—Miogypsina kotoi HAN-
zawa (C), Astryclypeus mannt minoensis
Morisirra (C), Calcareous algae (A).
elc.

27. Locality No. 27.

River cliff, about 250 m south of the Primary
School. Shimizu, Suzu City (Lat. 37°29"
12”N., Long. 137°07'46”E.).

Lithology :— Conglomeratic
medium-grained sandsione.

Occurrence :—Few and sporadic.

Sampling :—Diflicult.

Representative species :—Ostrea gravitesta
Yorovaxa, Leukoma iloigawae TsuDA,
ctc.

Associated fauna:—Miogypsina kotoir Hax-
zAWA (A), Astryclypeus manni minoensis
Morisnirta (C). Echinoid spine (C). etc.

28. Locality No. 28

River floor, about 500 m west of Doguchi,
Suzu City (Lat. 37°29°00”N., Long. 137
09357 E.).

Litholoegy :—Calcarcous medium- to coarse-
grained sandstone.

Occurrence :—Rare.

Sampling :—Difficult.

Representative species :—Euchelus notoensis,
n. sp.

Associated fauna :.—NMiogypsina koloi HAN-
zAawAa (A). Astryelypeus mannt minoensis
Morisnita (C), Calcareous algae (C), etc.

Remarks :—AMiogypsina kotoi HANZAWA is
crowded in the sandstone and associated
with calcareous algae and sporadically

calcareous

coarse- to

with Astryclypeus manni minoensis Mo-
RISHITA.

29. Locality No. 29.

Small exposure ncar the junction of two
small roads ncar the summit, south of
Sakaishiyama, Suzu City (Lat. 37°29'17~
N.. Long. 137°0907"1.).

Lithology :—Conglomeratic
sandstone.

Occurrence :(—Rather common but sporadic:
shell materials dissolved ; irregularly ar-
ranged ; cojoined bivalves rare.

Sampling :—Diflicult.

Representative specics :—0Osirea sp.. Fela-
niella ferruginata (Maxiyama), Lenkoma
itoigawae TsuDA, ctc.

coarse-grained

30. Locality No. 30.

Road side cutting near Koeiji Temple.
Otani, Suzu City (Lat. 37°29'41”N., Long.
137°10728"E.).

Lithology :—Granule to pebble conglomerate
of subrounded pebbles or conglomeratic
very coarse-grained sandstone filling the
rounded boulders (Lower): medium-
grained sandstonc (Upper).

Occurrence :—Common and crowded ; water
worn and fragmental shells common
(Lower) : few and sporadic (Upper).

Sampling :—Rather casy.

Representative species :—Anadara makiyva-
mai Harat and Nisivama, Ostrea cl.
denselamellosa Lisciike, Clena hataii, n.
sp.. Felaniella ferruginata (MAKIYAMA).
Clinocardium ogurai (OTUKA), Leukoma
itoigawae Tsubpa, Turbo ozawai OTUKA.
Nerita ishidae, n. sp., Littorinopsis miodeli-
catula Ovamva, Rissoina naomiae, n. sp.,
Cerithidea kanpokuensis Maxiyama, Ceri-
thium ancisum (Yoxoyama), Pachycrom-
mium japonicum KAxxo, Proterate mino-
ensis ItoiGawa, Conus tokunagai OTUKA,
etc. (Lower) Ostrea gravitesta YOKOYAMA
(Upper).

Associated fauna:— Protolobophyllia sp.
(C): Dendrophyllia sp. (F). Montastrea
sp. (), Psopheticus sp. (fragment—F).
Operculina complanata japonica 1laxzAa-
wa (C), Bryozoa (C). Balanids (F), Echi-
noid spine (C), Calcareous algae (C), etc.
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(Lower) ; Calcareous algae (Upper).
Remarks:—The lithological facies at this
locality are variable both laterally and
vertically. The molluscan shells of this
locality represent a death assemblage.

31. Locality No. 31.

Sea cliff facing the north, near main road
at Kunnagade, Suzu City (Lat. 37°30/12"
N.. Long. 137°12" 28”E.).

Lithology :—Alternation of sandstone and
siltstone with sporadic fossil bearing
concretions.

Occurence :—TFew and sporadic: arranged
parallel with the bedding plane.

Sampling :—Rather easy.

Representative species :—Solemya tokunagai
Yorkovyama, Mizuhopecten kimurai liga-
nouraensis (NAKAMURA). Teredo sp., ctc.

Associated fauna :—Psopheticus sp. (C).

32. Locality No. 32.

Small road side exposure, about 200 m south
of the Primary School, Matsunagi, Suzu
City (Lat. 37°30’12"N., Long. 137°13/14”
E).

Lithology :—Pebble to granule conglomerate
consisting of subrounded pebbles with
subangular cobbles.

Occurrence :—Common and crowded but
partly sporadic; isolated bivalves, water
worn and fragmental shells common.

Sampling :—Rather casy.

Representative species :—Ostrea cf. dense-
{amellosa LiscHke, Felaniella ferrugi-
nata (Makivyasa), Leukoma itoigawae
Tsuba, Turbo ozawai OTuka, Nerita
ishidae, n. sp., Serpulorbis sp. Conus
tokunagai OTUKA, ctc.

Associated fauna :—Profolobophyllia sp. (F),
Montastrea sp. (F), Lobophyllia ? sp. (R).
Operculina complanata japonica HanNza-
wA (C). Echinoid spine (C), Bryozoa
(C). Calcareous algae (F), etc.

Remarks :—The molluscan shells repre-
sent a death assemblage.

33. Locality No. 33.
Road cutting at Wanizaki. Suzu City (Lat.
37°30736”N., Long. 137°13'28"E.).
Lithology :—Granule conglomerate to con-

glomeratic very coarse-grained sandstone
filling the spaces among the boulders
or cobbles (Lower) : alternation of sand-
stone and siltstone with fossil bearing
concretions (Upper).

Occurrence :—Few and sporadic: isolated
bivalves common but cojoined bivalves
not rare (Lower); few and sporadic:
arranged parallel with the bedding plane
(Upper).

Sampling :— Rather
rather easy (Upper).

Representative species :—Glycymeris direlic-
ta (Yoxkovyama). Ostrea cf. denselamel-
losa Liscuke, Turbo ozawai OTUKA.
Nerita ishidae, n. sp., Polinices meisensis
Maxivana, etc. (Lower); Portlandia cf.
enaensis KAMADA, Modiolus wanizakiensis,
n. sp., Lucinoma acutilineatum (CONRAD),
Teredo sp., Shichiheia etchuensis HATAL
and Nisivanma, etc. (Upper).

Associated fauna:—Operculina complanata
japonica Haxzawa (F), Echinoid spine
(F) (Lower) : Psopheticus sp. (C) (Upper).

Remarks:— Small oysters are found at-
tached to boulders. The molluscan shelis
of the lower part may represent a mix-
ture of the life and death assemblages.

34. Locality No. 34.

Cliff facing the small road near Fushimi-
gawa, about 500 m west of Fushimi, Suzu
City (Lat. 37°27'33"N.. Long. 137°21'01”
E).

Lithology : —Very coarse-grained sandstone
with pebble conglomerate layers.

Occurrence:— Few and sporadic: shell
materials dissolved ; isolated bivalves and
water worn shells common.

Sampling :—Difficult.

Representative species:— Anadara sp..
Cerithidea cf. sirakii (MaKiYAMA), etc.

difficult (Lower):

35. Locality No. 35.

Sea coast, about 500 m north of the outlet
of the Fushimi-gawa, Konami, Suzu City
(Lat. 37°27°48"N., Long. 137°21"25"E.).

Lithology :—Alternation of pebble conglo-
merate with boulders and conglomeratic
very coarse-grained sandstone with some
fragmentel silicified woods and lignite
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fragments.

Occurrence:— Common and crowded;
isolated bivalves and fragmental shells
rather common but cojoined bivalves and
apparently fresh shells not rare.

Sampling :—Rather ditficult.

Representative specics :—Anadara cf. daito-
kudoensis (MAKIYAMA), Ostrea sp., Cli-
nocardium oguratr (OTuka), Venerupis
takagii (MAsSuUDA), Anisocorbula peregrina
(Yoxovama), Turbo ozawai OTUKA,
Littorinopsis miodelicatula Ovama, Ceri-
thidea sirakii (MAKIYAMA), Pachycrom-
mium japonicum KANNo, Mitrella notoen-
sis, n. sp., Conus tokunagai OTUKA. etc.

-Associated fauna :—Protolobophyllia sp. (C),
Meandera sp. (C), Alveopola? sp. (F),
Oulastrea ? sp. (F), etc.

Remarks:—Turbo ozawai OTuKA with the
operculum in the shell is not rare. The
molluscan shells from this locality may
represent a mixture of the death and
life assemblages.

36. Locality No. 36.

River cliff near small road, about 600 m
SSE of Kakuma, Suzu City (Lat. 37°29°
02"N., Long. 137°08'46"E.).

Lithology :—Very coarse-grained sandstone.

Occurrence :—Rather common and sporadic
but partly crowded; isolated bivalves
but apparently fresh shells common.

Sampling :—Rather difficult.

Representative species:—Osirea cf. dense-
lamellosa LiscHKE, Aequipecten maisuna-
giensis, n. sp., Anisocorbula ohiroi, n. sp.,
Myadora suzuensis, n. sp., Dentalium wein-
kauffi DUNKER, etc.

Associated fauna:—Operculina complanata
japonica Hanzawa (A). Miogypsina kotoi
Haxzawa (F). Bryozoa (A), Echinoid
spine (C). Psopheticus sp. (fragment—F),
etc.

Remarks :—The molluscan shells represent
a death assemblage.

37. Locality No. 37.

Small road side exposure, about 3500 m
southwest of Kendaradake mountain,
Yoshiro, Suzu City (Lat. 37°28'00"N.,Long.
137°09°23"E.).

Lithology :— Coarse- to medium-grained
sandstone with some carbonaceous matter.

Occurrence :—Common and sporadic; shell
materials dissolved; isolated bivalves
common.

Sampling :—Rather easy.

Representative species:—Anadare makiya-
mai Hatat and Nisivama, Ostrea sp.,
Chinocardium ogurai (OTUKA), Paphia
euglypta ohiroi, n. subsp., Leukoma itoi-
gawae Tsupa, Macoma sp., Tellina no-
toensis MASUDA, etc.

38. Locality No. 38.

Small exposure near the stream, about 300
m south of Sotonoyama, Suzu City (Lat.
37°27'52”N., Long. 137°09'58"E.).

Lithology :—Coarse-grained sandstone.

Occurrence :—Rather common and sporadic
but partly crowded; shell materials
dissolved : isolated bivalves and shell
fragments common ;arranged irregularly.

Sampling :—Rather difficult.

Representative species:—Paphia euglypta
ohiroi, n. subsp., Leukoma itoigawae Tsu-
DA, Macoma sp., Dentalium weinkauffi
DUNKER, etc.

39. Locality No. 39.

Small river cliff, about 700 m SWS of Ko-
bunayama. Suzu City (Lat. 37°2812”N,
Long. 137°10'45"E.).

Lithology :—Coarse-grained sandstone with
granules and much carbonaceous matter
(Lower) ; very coarse-grained sandstone
with some carbonaceous matter (Middle) :
alternation of sandstone and silistone
(Upper).

Occurrence :—Common and crowded: shell
materials dissolved (Lower); abundant
and crowded: isolated bivalves and a
little water worn shells common (Mid-
dle) ; few and sporadic: shell materials
dissolved ; cojoined bivalves not rare
(Upper).

Sampling *— Rather difficult (Lower);
rather easy (Middle and Upper).

Representative species:—Pillucina yokoya-
mai (Orvka), Cerithidea tokunariensis
Masupa, etc. (Lower): OQOsirea, sp.
Monilea yoshioi, n. sp., Vicaryella ishiiana
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(Yoxkovama), Batillaria toshioi, n. sp.,
etc. (Middle) : Paphia euglypta ohiroi, n.
subsp., Shichiheia etchuensis HaTar and
Nisivasma, etc. (Upper).

Associated fauna:—Operculina complanata
japonica Haxzawa (F), Miogypsina kotoi
Hanzawa (C), Astryclypeus manni mi-
noensis Morisurra (F), Echinoid spine
(C), etc. (Upper part of the Middle).

Remarks:—The molluscan shells of the
lower and middle parts represent a death
assemblage but those of the upper part
may represent a life assemblage or at
least they were not transported from a
remote place. The associated fauna such
as foraminifers, echinoids, etc. occur from
the calcareous sandstone immediately
overlying the middle part do not occur
in association with the molluscs.

(b) Stratigraphic relations of the
fossil localities

The fossil localities are widely dis-
tributed in the present field and can be
classified into four stratigraphic positions
which for the sake of convenience are
called horizons in this work. At Fujio,
the type locality of the Fujio Member,
four fossil beds in sequence are recog-
nized but at other localities the same
number ol fossil beds are not always
observed. One fossil bed at a given
locality may be represented by one to
two or more fossil beds at another lo-
cality probably due to the differences in
the conditions of deposition.

From the stratigraphic relations and
the lateral and vertical changes of litho-
logic facies of the Higashi-Innai Forma-
tion the under mentioned four fossil
horizons can be established and the fossil
beds can be grouped into them. Here,
the term horizon is used to denote the
same or nearly same stratigraphic posi-
tion or level.

1. First horizon

This is represented by the lower fossil
bed at Fujio (Loc. No. 24) and is char-
acterized by the carbonaceous sandstone
or conglomerate with some molluscan
shells and rather thick conglomerate in-
tercalated with siltstone and sandstone
in associated with lignite or much car-
bonaceous matter without molluscan
shells. A thin pumice tuff layer is
developed in the lower part.

The thickness of this horizon in the
northern area usually exceeds that of the
southern area, though there are some
exceptions. The lignite beds are well
developed in the vicinities of Terayama
and Nakao, and the lignite seams of
some other places may have been de-
posited during this stage.

The fossil beds of this horizon are
rather narrowly distributed and only the
lower part of Loc. Nos. 9, 10. 24 and 39
belong to this horizon.

2. Second horizon

This horizon is represented by the
middle to upper fossil beds of Loc. No.
24 and is characterized by conglomerate,
conglomeratic sandstone and very coarse-
to coarse-grained sandstone. Abundant
molluscan shells and other fossils such
as corals, echinoids. bryozoans, larger
foraminifers, calcareous algae, etc. were
yielded from this horizon in the northern
area. But in the southern area this
horizon is characterized by conglomerate,
sandstone and sandy siltstone associated
with well developed lignite beds. Mol-
luscan shells are abundant in the sand-
stone or sandy siltstone but larger fora-
minifers, corals and other fossils were
not observed.

The fossil beds of this horizon are
widely distributed and the main fossil
beds in the present field belong to this
horizon. The fossil beds of Loc. Nos-
1,2, 3 4,5 6,11, 12,13, 14, 15. 16, 17, 25,
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26, 28, 29, 30, 32, 35. 36, lower part of
Loc. Nos. 7, 8, 23, 33, upper and middle
parts of Loc. No. 9, upper part of Loc.
No. 10 and middle part of Loc. No. 39
belong to this horizon.

3. Third horizon

This horizon is represented by the
uppermost part of Loc. No. 24 and is
characterized by medium- to fine-grained
sandstone in the lower part and in the
upper part of an alternation of sand-
stone and siltstone. The uppermost
fossil bed of Loc. No. 24, upper part of
Loc. Nos. 7, 8, 23 and others belong to
the lower part of this horizon but the
upper part of Loc. Nos. 33 and 39 and
Loc. No. 31 are included into the upper
part of this horizon. Molluscan shells
are usually found in the concretions in
the alternation of sandstone and siltstone
of the lower part of the horizon.

The molluscan shells of this horizon
are usually very few in number of both
species and individuals and other kinds
of fossils are hardly found.

4. Fourth horizon

The fossil beds of Loc. Nos. 18, 19, 20,
21 and 22 are included into this horizon
and are generally characterized by the
glauconite bearing tuffaceous coarse- to
medium-grained sandstone. Exceptional-
ly the molluscan shells from Loc. No. 22
occur in the sandy siltstone with much
carhonaceous matter.

The fossil beds of this horizon are
restricted in their distribution to the
rather narrow southern area and they
correspond to the Akagami Mudstone
Member in the northern area.

The molluscan shells are rather abun-
dant in both species and individuals.
The abundant occurrence of fossil
sponges is characteristic in this horizon
but other fossils such as corals, larger

foraminifers, etc. do not occur.

(3) Faunal List

The molluscan shells and other fossils
are listed in Tables 1, 2, 3 and 4 with
remarks on their frequency, etc. From
the tligashi-lnnai Formation a total 124
determined species and 63 indetermina-
ble species of molluscs (Pelecypods, Gas-
tropods, Scaphopods) among which 34
species and one subspecies of pele-
cypods and gastropods were found to be
new to science. Discriminated among
the fossil fauna are two species of
brachiopods, seven genera of corals, two
species of larger foraminifers, one spe-
cies of crabs, one species of sponges,
one species of echinoids, one species of
shark's teeth, fish bone, fish scale,
otoliths, balanids and calcareous algae.
The smaller Foraminifera known from
this formation have been studied by
ASANO (1953).

(4) Size-frequency Distribution
of Some Species

Among the molluscan species the fol-
lowing one which have rather wide
distribution and occur in abundance
were studied with regard to their size-
frequency distribution.

(@) Anadara makiyamai HATAl
and NISIYAMA

This species occurs in the second hori-
zon and its size-frequency distribution
curve is shown in Fig. 6. The figure
shows that the specimens are generally
small in size compared with the type
specimens from the Heirokud6é Miocene
of North Korea. The specimens from
Loc. Nos. 7, 23 and 39 are usually about
12 to 22 mm in length of shell, but those
from Loc. Nos. 3, 24 and 30 are usually
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Fig. 6. Size-frequency distribution curves of
Anadara makiyamai Hatai and Nisiyama.

about 3 to 1l1mm in length of shell
Cojoined valves are hardly found. The
specimens from Loc. Nos. 24 and 30 show
rather narrow range in length of shell,
while those from Loc. Nos. 3, 7 and 23
a rather wide range.

The specimens from Loc. Nos. 24 and
30 occur in a conglomerate, while those
from Loc. Nos. 3 and 23 are found in
granule conglomerate to coarse-grained
sandstone and their shells usually appear
rather fresh. Considering from the size-
frequency distribution curves and the
lithological characters, the spzcimens
from Loc. No. 24 and 30 seem to have
been transported from a rather remote
place but those from the other localities
from only a short distance.

(b) Leukoma itoigawae TSUDA

The shelis of this species from various
localities are nearly equal in size and
they are found in conglomeratic very
coarse- to fine-grained sandstone. [t is
more common in the northern area than
in the southern one.

(¢) Turbo ozawai OTUKA

This species occurs from the second

horizon and the size frequency distribu-

LOC. NO. 33

CF  SPECMINS

NUMPSR

[
WAXWIAM  WIOTA OF OPERCUALM

Fig. 7. Size-frequency distribution curves
of Turbo ozawai Oruka.

tion curve of its opercula is shown in
Fig. 7. lts distribution is rather narrow.
This species is represented by the shells
and opercula. Usually both are found
at the same locality but at Loc. No. 33
only the opercula occur and at Loc. Nos.
1 and 3 only the shells. In general the
opercula are more abundant than the
shells.

The opercula from Loc. No. 35 are
larger than those from the other locali-
ties. The opercula from Loc. No. 21 are
abundant and mostly of small size, and
those from Loc. No. 32 range from large
to small in size. The opercula from
Loc. Nos. 30, 32 and 35 nearly correspond
with the shells in size. The operculum
still in the shell is sometimeas found at
Loc. No. 35.

From the statements just given it may
be inferred that the spacimens from
Loc. Nos. 32 and 35 were probably
buried in the environments in which
they lived or at least they were not
transported from a remote place. Those
from the other localities form a thanato-
COenosis.

{d) Littorinopsis miodelicatula OyaMAa
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Fig. 8. Size-frequency distribution curves
of Littorinopsis miodelicatula Oy aMa.

This species is widely distributed in
the present field. The size-frequency
distribution curve shown in Fig. 8 shows
that the specimens from Loc. Nos. 1 and
30 are nearly equal in size but those
from Loc. Nos. 3 and 24 show wide
range in size. The specimens from the
latter two localities are well preserved
compared with those from the former
localities. This may suggest that the
specimens from Loc. Nos. 1 and 30 were
transported from a remote place, where-
as those from the other localities from
a nearer place.

(5) Relations between the Molluscs
and other Fossils

The fossils from the Higashi-Innai
Formation other than the molluscs con-
sist of reef building corals, echinoids,

brachiopods, bryozoans, sponges, crabs,
balanids, foraminifers, calcareous algae,
etc. * Their distributions are shown in
Tables 2-4 and Fig. 9.

The tables and figure indicate that
the molluscan assemblage changes ac-
cording to whether it is associated with
the other fossils, and related therewith
is the differences in the lithologic facies
of those places. The molluscan assembl-
age associated with the fossil corals is
restricted in distribution to a limited
area, such as where the rocky or gravel-
ly facies exist, because such an environ-
ment favors the growth of the corals
and there the hard bottom dwelling
molluscs are dominant. Calcareous algae
are also found in the environment just
mentioned. Loc. Nos. 24, 30, 32 and 35
which belong to the second horizon are
typical localities of the reef building
corals.

Echinoid spines were found almost all
localities except for those of the third
and fourth horizons, but Astryclypeus
manni minoensis MORISHITA occurred
only from the second horizon at Loc.
Nos. 26, 27, 28 and 39 in association
with Miogypsina kotoi HANZAWA or rare-
ly with Operculina complanata japonica
HAaNzAwA and Miogvpsina kotoi HAN-
ZAWA.

Operculina complanata japonica HAN-
zAawA and AMiogypsina kotor HANZAWA
are widely distributed in the northern
area of this field. whereas Miogypsina
kotoi Hanzawa is found only at Loc.
Nos. 26 and 28, When occurring in as-
sociation with one of the two genera
mentioned exceeds the other in individual
number. Concerning the paleoecology
of Aiogypsina and Operculina in the
Miocene Kurosedani Formation in To-
yama Prefecture, Tsupa (1955) stated
that Afiogypsina may have been limited
its distribution in marine water with
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Fig. 9. Distributions of Operculina complenata japonica IIaANzawa and Miogypsina
kotot Haxzawa (large circle: abundant to common occurrence of that species:; small
circle: few to rare occurrence of that species).

normal salinity but Operculina may have
been lived in a water with a little lower
salinity than that of Miegypsina.
Complete specimens and fragments of
the chela of Psopheticus sp. (crab) were
found from the first to third horizons
of this formation. The complete speci-
mens occurred from the alternation of
sandstone and siltstone of the third
horizon at Loc. Nos. 31 and 33, and the
fragmental ones were found in the con-
glomeratic sandstone and conglomerate

of the first and second horizons. From
the wide distribution it can be consider-
ed that Psopheticus sp. lived in an en-
vironment of different conditions.

The sponges are restricted to the
fourth horizon. They are found in sand-
stone associated with molluscs and some
brachiopods. Complete sponge speci-
mens were found only at Loc. No. 19.

The bryozoans are found in associa-
tion with the larger foraminifers.
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Table 1. Faunal list of the First horizon
(*—TIllustrated ; **—specimens with cojoined shells)

T Locality ‘ 9 10 24

Specific Name —~~~~__ Sampling E E D
.

Anadara kurosedaniensis Hatar and NisiyaMa ...l U SRR 4

OSITeA SP.. .ot e e e e U ST o=t S ORI LIt S

Felaniella sp. ..... ... i ....R

Joannisiella meisensis MAaKIYAMA. ... ... ... F

Pillucina yokoyamai (OTUKA). ... ..o iiiiiii oo
Cyclina japonica KaMapa. ... ... ... ... ... L Fooofoononndoeo
Leukoma itoigawae TSUDA ... ... . o i e R..... ...
Tellina hamadai MASUDA........................ oo ‘R*'
MaACOMa SP. ... ..o . \F
Anisocorbula peregrina (YOKOYAMAY ... ... onennon, ... F
Cryptomya busoensis YOKOYAMA ... ... oo, l....R
Teredo Sp. .. ..oovviie i ROLLE ‘....R....
Montlea sp. . ...
Littorinopsis miodelicatula Ovyanma ... .. .............R...J..........
Vicarya callosa japonica YABE and Harat ........|... F

Vicaryella notoensis MASUDA . ..................... e Gl F

Vicaryella ishitana (YOKOYAMA) ... .. v iiiliinn... o ... F

Batillaria toshioi MASUDA, N SP.* .. .. o e .... F
Cerithidea tokunariensis MASUDA . .................
Xenophora sp. ................ ... . ..ol R

Polinices meisensis MAKIvamMa ....................0....R...................R....
Nassarius notoensis MasuDa ... . ... ... .. .. ... RO L

Mitra cf. ishidae MASUDA, n. sp. ... . ... . ... .

CONUS SP. o oo et e e e et e e e '

" RO

e




Table 2. Faunal list of the Sccond horizon (*—Illustrated ;

**__gpecimens with cojoined shells)

T —— Loaality } 103 |als|7|8]w]iz]15017i28]20]29]50) 32 | 33 ‘ 35

Specific Name ~~-.. Sampling | D E E 'E D D{E E D,D|E E|D,E E D 'D
Acila sp. ' e d R B T l
Saccella saikeiensis MASUDA, n. sp " CIlF | C** ‘ *
Area sp. ..o ‘ JR D .... R
Barbatia uelsukiensis HATAI and l \ ] J ‘

NISIYAMA . ¢ e oot et ae i e e e F Ao R R ULV | R**
Barbalia sp. . ... R
Cucullaea toyamaensis Tsuba .......... l R \f \
Anadara kakehataensis 11aTAl and ‘ v ! ] . ‘ ‘

NISIYAMA . cv vt e et i e B
Anadara kurosedaniensts Harar and ‘ i ‘

NISIYAMA . ct ettt e e e e ey e ‘C** ‘ ‘
Anadara makiyamai Harat and ‘ . R

NISIYAMA. ottt i e 'R|A F F!F R AlA c cl|...lL....
Anadara cf. daitokudoensis (MAKIYAMA) SV T A PR VR N Y SN S PR I © .!C
Anadara cf. watanabei (YOKOYAMA). ... .... | R | |
Anadara sp. ‘ F F
Glycymeris direlicta (YOI\O\AMA) ...... l( F J ‘l‘ F
Glycymeris vestitoides NOMURA F Foo...L..
Glycymeris cf. cisshuensis MAKIYAMA ..|.... R ‘ ‘ ‘
Chlamys ishidae MASUDA .. ..... ... .0 B TR F
Chlamys iwamurensis FIOIGAWA ... .| ... P l R PP U B i C|C cl..|F \ F
Acqunipecten maisunagiensts MASUDA, n. ;I " | ‘ ‘

LY T8 I S R ".... . R e
Placopecten nomurai MASUDA .......... ceee, RO s '...R
Placopecten protomollitus (Nomura)* ... ‘ ........................ " 1 R ‘
Mizuhopecten kimurai muravamal |

(YOKOYAMA) . ...oovivian el R ‘ | ‘ ‘
Spondylus Sp. ... R R R e R ........ U "F
meapll{lllli.‘R\R iC**i l l

;137 ]38
—_Alf
DI E|D
. R
\
\
!
i
FlC|F
|
|
R
R
¢ } |

R

I
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B ———C TN

___ Sampling ' D
E\w

Specific Name  ~ -_

—
—

Uloo

15

30

32

33

35

36

37

39

Mantellum sp. ............... ... ... ..
.} Fex

Ostrea gravitesta YOKOYAMA
Ostrea cf. denselamellosa LisCUke......

OStrea sp. ..o vl

Anomia sp.

Brachidontes sp. ......... ... ... ... ...

Myadora suzuensis MASUDA, n. sp.* . ...
Crassatellites suyamensis QINOMIKADO*

F

Venericardia osawanoensis Tsupa ..., .01 ...

Glans naomiae MAsupAa, nosp.* ... oo

Trapezium modiolaeformis Ovyama and

SAKA® o e

Coralliophaga 8p. ...................... e

Felaniella ferruginate (MAKIYAMA) ... .| ...

Joannisiella meisensis MaxkivaMa ... ... ...

Phiyctiderma cf. japonica (PiLSBRY)

Thyasirag sp. .......cooviiiiieai i, e

Lucina meisensis MAKIYAMA. ...........
Ctena hataii MASUDA, n. sp.* ..........

Pillucina yokoyamai (OTUKA)

Saxolucine k-hataii (OTUKA) ......... ... PR [ PR P

Clinocardium ogurai (OTUKA) ..........

Fulvia sp. ...
Lacevicardium sp.

Pitar itoi (MAKIYAMA)* (... ... ...
Saxidomus Sp. . ...t

Dosinia akaisiana NOMURA..............

Dosinia tugaruane NoMura ............[....

Dosinia sp.

F

DR DU I 0 IR PRV I
Fl..4...

fe. ..

F

Cs*

A CH* .

R

. F"

AR

R}...

R

ke

VANSVIY 04wy
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Cyclina japonica KAMADA ..............
Cyclina lunulata MARKIYAMA® ... ...
CVENUS™ SPe e
Leukoma itoigawae TsSuDA® ............

O

Protothaca latetwai (MAKIYAMA) ... ...
Katelysia nakaimural IKEBE ... ...

Siratoria siratoriensis (OTUKA)Y* ... ...
Venerupis takagit (MASUDAY® ... .. .. PRUPIUETRS Y PRI SN P

Paphia englypta ohiroi MASUDA. n.
SUDSP. * L

Paphia suzuensis MASUDA, n.sp.* ...,

Paphia Sp......ooviiiii

Clementia japonica MAsubDa* ... ......
Raelad SP. «oioen i
Lalr@ri@ SP. - «.ooeomian e

OXYPOTAS SP. oo v ae et
Cardilia loyamaensis Tsupa* ... .. ...

F

Soletellina minoensis YOKOYAMA ...... JRVIVEY FRURVES DRIV DAY PR RPN PR

Psammot@ea Sp. . ....oveeenennniaas

MACOM@ SP. « oo oe e

Fabuling sp. ...
Tellina hamadai MAsuDA

Tellina notoensis MASUDA ... oo o

Cullellus izumoensis YOKOYAMA . ..... N PN A

Solen cf. gouldi CONRAD ..............

Solen SP. oo
Anisocorbula ohiroi MASUDA, n. sp. *
Anisocorbula peregrina (YOKOYAMA)* ..

Cryptomya busoensis YORKOYAMA oo ooifooenlone]eifnlioe et

Jouannetia cf. cumingi (SOWERBY)......[....loet e
TEredo SP. o ovv e

e
Re*....

R

ThracioPsis SP. . .covveovvnereaneenenss s

R

SO

R

B0 Ol PO

N U

T Ree

I R**

. C!‘*

C**

.. C“‘V

R

r|

F
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k—:,‘::f‘f_, Locality‘173‘4‘s“7 8 '10'12'15'17 '23 212930 32'33'35 36 37|38 39
~. - N S Co _ o I R . o — e —
Specific Name™" __Sampling | D | E B l 2| D ‘ D \ ElE ] D ] D|E ] I ] D & E|E|D|D | D 1‘ E|D|E
Haliolis notoensis Masuna, n.sp.* ... 1. 1. Lo F R F| R
Tugali notoensis MAsSUDA, n. sp.* ... ... ‘ “ ‘ “ I ‘ R R |. R
Diodora sp. .............. ... ... FUT OO A S “ ................ EERRIHEES F‘
Collisella SP.* ...\ ouer e R ‘
Notoacmaea sp. ......... ... ... ... ... Foooooiia . F . ... R
Euchelus notoensis Masupa, nosp.* oo oo “ ........ | 3 Fl R
Calliostoma otaniensis MAsupa, n. sp. * .- .1. .}‘ .h,A._‘. ... R
Calliostoma simane NoMmURA and HAT Al R \ 1 ! ‘ .‘
Calliostoma cf. myonchonensis HATAL | | |
and KoTarka. .. ... oL e e e e e e R,/ R |
Cantharidus sp. ‘ “ ‘ R ‘ ’
Teguta sp. ... i s R ‘l FRR PR e F
Trochus sp. ...l FE R T ‘ ‘ Fl.... R U R A
Solariclla sp“ C ‘ ‘ ‘ ‘
Monilea hamadae Masupa, n. sp.* ...l ... A ‘ C.R. B R
Monilea yoshioi MASUDA, n. sp.* .................. - PN N S
Monilea sp. “ ........ “} ....... LA
Protrotella depresse Maxiyama ........0 FIL FL .0 | ... ‘ ........ N L R I F
Protrotella shukuborensis TroiGawa* F| R 1 \ ‘ ‘ ‘
Stomatia sp. ... . i P Y P T B “ R}
Teinostoma yabei MASUDA .............. UL AR ST c 1
Turbo ozawai OTUKA® .................. R| R|............ ) N PO D A F| A F| A [
Lunella cf. kurodai Ivtolcawa .......... ‘ ........ L A A, “‘ ............ PRV P C ‘1
Nerita ishidae MAasupa, n. sp.* ....... | F “‘ I3 “‘l R| R Al F| V| R} Fi .. R
Lacuna jeponica Masuva, nosp.* oo 0 0 ‘ ‘l“ S .i‘ ‘\ . R
Littorinopsis miodelicatula Ovyama* ....| C| C| F ““‘ Flooo ... | F| A ‘. Al F Cl. R
Rissoina naomige MASUDA, n. sp.*...... Foo.o.o.. ... U C ST F . AL F
Pseudoliotia sp.*........................ L b I L R:
Turritella yoshidai Koraka ... .. ‘! (o ‘ l ‘ ‘ X | l ) I ~

VAnsviy oayaey



Turritella sp. ’i" |[" [ N { i F‘ ’ ! I ‘1 ‘ ‘
Architectonica kurodae Tsuva* ... ... oo F R ) i
Serpulorbis Sp. . ..eeieiii L D G T ... FLL...' R ‘
Vermelus sp. ‘ F'R| | " S TN I TR b F‘ ‘
Vicarya callosa japonica YAk and ‘ ! ‘ ' ‘ ‘ ‘ ! i

HATAL +one e e e e e B (ol ‘ ‘ ‘ ‘ ' ‘
Vicaryella ishitana (YOKOVAMA)* ““ ............ ‘ ........ !1‘ A ‘ RL.Lo | 1 | |
Vicaryella notoensis Masuna* ........... .- SERNE i I’ civyr | ‘ ‘ } ‘ ‘ \
Cerithidea kanpokuenssi MAKIVAMAY ... R Rk Fooooo A oo !
Cerithidea ohiroi MASUDA, n.sp.* ... ... L T . ‘ L FELLl e R
Cerithidea sirakii (MAKIYAMAY* ... ... L C Ci. vl A R 1 ‘ oo A | ‘ .
Cerithidea tokunariensis MASUDA . ..... ... ‘ ........ I B ““ ........ -
Batillaria toshioi MASUDA, n. sp.*...... Lo e A C : '
Biltium sp.* .. ..o ‘ Cc| F| 'l F Foo.ooo... ‘ C ‘ ‘ ‘ |
Cerithium ancisum (YOKOYAMA)* ... ... SRR F Ceel ci.. [ ..... c| C ‘ C ‘ R ‘ ! ‘ ‘ ‘
Cerithium meisense (MAKIVAMA)® L. ... oo F . Ri....... R ..... FOR R oo
Seila Sp. oo “‘ T T ‘ R “ ‘ ‘ ‘ ‘ ‘ ‘
Nodiscala suzuensis MAsupa, nosp.* ..o S PO PN P ‘ R | ;
Turriscala sp.* ........cooieeiiiii ‘ .... R t | ‘ ‘ ‘ " .
Epitonium sp. ... ... i ‘ ‘ . RI[|....0.... ‘}1 ........ | F
Eulima haiaii MASUDA, n. sp.* ........ ‘ ol ‘ .. i | R | ‘ ’
Capulus SP. oot e e B T O PP ‘ R . R
Calyptraea tubura OTUKA .............. LR .. : U AT R R | | ‘ ‘
Polinices meisensis MAKIYAMA* ‘ U R, R| F | C| R 1‘ I ‘
Polinices otukat MAsSUDA ... ................. | . ! S R L
Neverita coticazae (MAKIYAMA)* ... ... R, C, F R | ceee ¢ C FoOF . F ........ L
Pachycrommiiom japonicum KANNO* ‘ ... F|l R LR ) c| C LA ‘ Rl ¥
Sinum ineptum (YOKOVANMA)* ... ..., [ETHER RIS l ‘I | R| RL | ‘
Proterato minoensis ITOIGAWA®* ... ... C . i [P A R
Cypraea ohiroi Masupa, n. sp*l‘ l ‘ . ‘ F ‘ i
Phalium ? Sp. ... ‘ ....... , ‘ . R‘. j R| R ‘

R o ‘ i

Rimella toyamaensis Tsuba ................L. Lol
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- Locality | 1 | 3|4 [5]7]8]10
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Specific Nnm:\\‘,\Sampling DIE|E|E|D|ID|E;E|D|DJ]E

Apollon osawanoensis Tsuba® ....... ...
Chicoreus asanol MASUDA ... ... ..... coodecdc sl R R FL AL L
Ergalatax sp. ............. ... oo R

am| W
(@]
oo

Purpure cf. minoensis ITOIGAWA. .. ..... I I
Mitrella notoensis Masuba, n.sp.* ...l C| RL...L...Lo L. 0 F l ClL..l CJRJ]...] CL..]...
C

Siphonalia nisiyamai Hatar and
KaTaka* ...l

Siphonalia sp. ............. . ..o oo RERL L C
Pseudoneptunea notoensis (Masypa) ... . j........Loo o Lo o FlL..L.. L C
Phos notoensis MAasuDA. n.sp.* .. ..... e FLOgREL VTR C

Nassarius minoensis Itoicawa* ........| R{ F{ R|.....L..o. .0 Rl............ L.l RL.. FPRLOLL

Nassarius notoensis Masuva...............[... ... L L VALl R F
Oliva osawanoensis 'TSuba* ... ... ... JRUURY PRVVENY DRV S PR IRV PEVUATY SO RV R N B ®

Strigatella noloensis MAsSUDA, n.sp.* ... a.......... oo oo o oo D F
Mitra hukusimana NoMura and Zinso* | ... oo oA L F
Mitra ishidae MASUDA, n.sp.* ........ PRV DU FRPPIN (VS (SN PRI (RS POPPOY N DU A I S R I O
Vexillum selsukoae Masupa, n.osp.*. ... .. L. L. oo o oo oo R F
Sydaphera horii Masupa, n. sp.* ...... g R R R R
Cancellaria sp. ........ e ... R

~
w2
=

-

Clavus. Sp. oo i i e JRVE PR S e ] F
Phitbertia sp.* .. ... . ... .. .. ........ I Ri...oo oo R
Trigonophaera sp. . ..................... ) R
Inquisitor shibanoi Masupa, n.sp.* ... L. R L Lo LR FL.. Rf-...l....| R
Surculiles osawanoensis Tsupa 1S PRV DN FRRPUY PRI (RIS FAVRVEY FRCPRS PRPOPIN R DR I I 34

Cythara sp.* ... ... i coede e b R T
Conus tokunagai OruKA* ............ .. I FlF|l.....1 C|....| F
Terebra osawanoensis TSUDA .......... R|F|......... Rl...4R}L..{....L..4 F
Menestho sp.* ................ .........

Vansviy ooy




Odostomia sp. l‘ F . B P [ P Ri....;..... Ry ' R| , ‘
Syrnela noloensis MAsuDA, n. sp.* . Lo I' ........ l ¥l ll r
Syrnola sp. ... i ’ Fil...L. 'l R l R I R’ \ R t
Cingulina sp. . ‘) LR F‘H‘.. R |
Turbonilla ishidae MASUDA, n. sp. * , AU PRSPV P S . R|..... R I R R
Turbontlla sp. ......... ... .. i, l ........ ! .. ' ........ I sl R
Tiberia konamiensis MASUDA, n, sp. ¥ . “ AU T ‘ R A [ DU A R
Pyramidella hataii MasuDA \ ..... | R
Acteon osawanoensis Tsupa* B P S ‘.... .. I ... F. R !
Ringicula minvensis TAKEYAMA*® ... .. 1 ........ ‘. RS VU N P ' .. R
Bulla sp. . oo e I‘I FRURUU AU SR RS P [ R
Retusa tokiensis ITOIGAWA. ............ ... I R [ ..,.‘ ................... .. R ! |
Decorifer sp. .. ‘ | " 11 R
Volvuletla tokicnsis Troicawa* ... .0 . 0 .. ‘ ................ I AU P R [ t
Acteocina hamadai Masuba ... ..... ... lL A LR R Y P P R
Adamnestia onukit Masuba, n, sp. * Ii; SRS PN SV |‘ Lo Ry R l '
Dentalium weinkauffi DUNKER ... ..... | I f F| F ..I. . ‘ LA R ci CL. . R Lt ¥l F|F
Dentalium cf. hexagonum Gouip ...... ..... .. PP VIV B ll .................................... F
Psopheticus sp. FLFLL L F I cl...l... l g F
Astryclypeus manni minoensis ‘ ‘ ‘
MORISHITA . ... D Y PO P P BT PN PN B S F
Operculina com/)lanata ;a/)omca ‘
HANZAWA . e cC| C|. F CclL C|C| F Al F
Miogypsina kotoi HA\LAW ............ R L Fil..ooo oo X Fil.......l C
Fish bone, gen. sp. indet. .............. F‘ R l
Reefl building corals ....................L.. oo C . c| C|. A
Bryozoans ............. e Cc | F ‘ I ....... Cl c| C\ A !
Balamdsll l' oo L i F ‘
Echinoid spine.......................... C \,I ................ C ’ Fi Cj. ClCjFIlL...C " C
Calcarcous algae........................ ! Cl. " I‘ ! F - i F L A‘ F|‘,I“ ¥
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292 Korchiro MASUDA

Table 3. Faunal list of the Third horizon.
(*—Illustrated ; **—specimens with cojoined shells)

T . Locality | 23 ‘ 24 31 33 39
Spem—l\qni?”””n—u ~ Sampling E ‘l E E E E

Solemya tokunagai YOKOYAMA ... ....... ... ....... e R F"Il
Portlandia cf. enaensis KAMADA ... ..o oo oo R
Anadara sp. ... .R
Clenamusium Sp. . .........ieiuanetinia i Lo LR !
Mizuhopecten kimurai tiganouraensis (NAKAMURA) U L CFrs 000 R
Ostrea sp. ... ot e ‘(,\ FIR
Modiolus wanizakiensis MAsSuUDA, n. sp.* ..........L...... J O O L S [ee+
Lucinoma acutilineatum (CoNRAD) ................ e l .................... CHs
Lucina cf. meisensis MAKIVAMAN ... ... e .F i
Clinocardium sp. ......... ... o il N
Paphia euglypla ohiroi MAsUDA, n. subsp.*........ R “ R A N F
Paphia sp. ....... ... ... ... .. i oiieeeoa R
Macoma sp.  .....cieiiiiiii i RUULLLF
Teredo $p. - oovoooeeeee e R
Vicarya callosa japonica YABE and lavar........ Lo LU F ’
Vicaryella notoensis MAasupa* . F
Shichiheia etchuensis Hatar and Nistvama. ... ... RPN RN F .R
Pseudoneptunea notoensis (Masupa) .............. Lo ‘... F ‘
Clavus cf. kurodae TSUDA .« oooooov e .. .R
Dentalinm sp. . ... i L...F { l\ }
PSophetictts SP. ..o oo ottt e e t ...C l C |
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Table 4. Faunal list of the Fourth horizon.
(*—Illustrated . **—specimens with cojoined shells)
TS Locality | 18 ' 19 | 20 | 21 22
Specific Name  ~—--___ Sampling , E ‘ D E E E
Arca SP. o e ' ........ e ....R
Anadar@ sp. ... L ......................... ... F
Glycymeris direlicta (YOKOYAMA)...................... R ‘ .. AT
Tucetona Sp. . ... .. R
Limopsis sp. ‘R‘ ........ F
Delectopecten peckhami (GamB).................... U F
Chlamys ishidae MASUDA ............... 1' ceeeo.4....R
Chlamys sp. ‘ ........ ‘ R’ R
Placopecten protomollitus (NOMURA) .............. ‘ LR F.oo....F
Kotorapecten kagamianus moniwaensis (MASUDAY ..I........ U | .. Cn
Limatula cf. minoensis ITOIGAWA................ .. | ‘ F.. . F
Lima cf. goliath SOWERBY . ........... . uiiiii .. ' ........ .- R
OSIrea SP. o oiii i e e C.. .. C.. .C
Crenella fornicata Yoxkoyanma Ao ! . F
Crassatellites suyamensis OINOMIKADO ............L.... R........... ... R
Phlyctiderma cf. japonica (PiLsBrY) ............. L e
Thpasira@ sp. . ....ooouiiin i ‘ . F
Saxolucina k-hataii (OTUKA) ... ... ... ... ‘ ........................ .R
Clinocardium sp. .......... .. ... iiiiiiian. .. LGl ....R
Leukoma sp. ... ... . T . F
PIGr SD. oo { LR R . F
Clementia sp........ .. ... i .- R ‘ |
Mactra? sp. ‘ F ‘
Raeta sp.* " ............ R
Lutraria sp. L e .R
Macoma sp. . R.o........ S i, C
Cuspidaria sp. .R | |
Monilea? sp. L R
Cerithidea sp. TRV S R
Polinices sp. ... ... . . . i l ................ ‘ ... R
Mitrella sp. ’ ........ Y Y R
Nassarius sp. . ..ot it SO Lo R ieiii.i.... R
CONUS SP. . oo et e e e e e foveenn o RO R
Syrnold Sp. ... L...R b } ................... F
Bulla sp. ... o ... R
Dentalium yokoyamai MAKIYAMA . ....... ... ijereennn. S O
Coptothyris grayi (Davinsox) l B D F
Terebratulina honsyuensis NoMURA and Hatar. ... .L........L ... F. f F...... C
Carcharodon megalodon (CHARLESWORTH) ........ . R
TOtliths ™ sp. e R
Aphrocallistes 8p. . .......... ... . . .. e ....C AL LCol C
Fish scale, gen. sp. indet. L F

Abbreviation: D—Diflicult; E—Easy . A—Abuadant: C—Common : F—TFew : R—Rare.
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NOTES ON AMMONITES FLACCIDICOSTA ROMER

FROM THE CRETACEOUS OF TEXAS

TATSURO MATSUMOTO

Department of Geology. Kyushu University

F &4 ZOMFE Ammonites flaccidicssta ROMER : 5 % 4 2 OF1MF (b T %

T ROMER (1852) AEC#EL 71200, ZOBEARZH v OAEIBE
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Ammonites flaccidicosta
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1.3 Nowakites flaccidicostus "G >,

COMLTV s+ 2 FEIREL QT 5, fhix Pseudojacobites OFMTH »T. =
22 A FOREZHT TIERCEET S, 2 883 F 0 — 2 HOKBE o2 BHHOFHIH R

Wh, WO T EOE RS SR BIlEE LTS,

it T o Nowakites .

Pseudojacobites ®IEZ->CHY¥MRL . B b oMz H>VveTiB L 7.

Introduction

Ammonites flaccidicosta, from  the
Cretaceous of Texas, was described by
ROMER (1852, p. 33, pl. 1. fig. la, b) on
the basis of two specimens. Although
several specialists, such as SCHLUTER
(1872, p. 34), ApkIxs (1928, p. 22D,
CoLLIGNON (1955, p. 84) and YOUNG (1963,
p. 55), have remarked on this species,
its systematic position has remained un-
certain.

I have recently had an opportunity of
studying the two syntypes in the
Palaeontological Museum of the Univer-
sity of Bonn and arrived at the conclusion
that one specimen is probably to be re-
ferred to Nowakites and the other to
Pseudojacobites. In this paper the two
syntypes are redescribed and illustrated.
with some remarks on the two genera.

Before going further | wish to record
my debt of gratitude to Professor Dr.
K. J. MULLER of Institut fir Palidonto-
logie der Rhein. [Friedrich-Wilhelms

Read Jan. 24, 1966, at the 30th Annual
Meeting, Sendai; Received March 15, 1966
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Universitdt, Bonn, for offering me every
facility of studying there. Thanks are
also extended to Dr. H. Reaig, Curator
of the Palaeontological Museum of the
same university, Dr. J. SorNay of the
Muséum National d'Histoire Naturelle,
Paris, and Mr.C. W. WRIGHT of London,
who helped me in showing several inter-
esting specimens for comparison and
critical reading of the manuscript with
valuable suggestions, and also to Pro-
fessor K. Younc of the University of
Texas. who gave me necessary infor-
mation. Dr. . HAyawmI of Kyushu Unive-
rsity kindly assisted me in taking
photographs of the type specimens on
loan.

Palaeontologic Descriptions
Family Pachydiscidae
Genus Nowakites SPATH, 1922
Type-species :—Pachydiscus carezi DE

GROSSOUVRE, 1894, from the Coniacian
of France, by original designation.



510. Notes on Ammonites flaccidicosta ROMER 295

Generic diagnosis :—The shell does not
seem to attain a large size, as far as
the available material indicates. The
whorl is oval in cross section and is
slightly higher than broad. The umbil-
icus is moderate or rather narrow.

On the septate whorls constrictions
are fairly frequent; they may be shallow
or distinct. On the body whorl they
may become very infrequent, indistinct
or absent. In the immature stages the
ribs are crowded, rather weak or fine,
and of unequal length, some being
branched at or near the umbilical tuberc-
les and others intercalated. In the late
growth-stage the ribs become distant and
moderately strong; they are of unequal
length, longer ones springing from the
umbilical tubercles and shorter ones are
intercalated with variable length. The
ribs cross the venter with more or less
strong projection.

The suture, which is obscurely known
in the type-species and closely allied
species, is of pachydiscid type, with
trifid lateral lobe (L), and seems to be
moderately incised, being less massive
than the suture of Lewesiceras but not

so deeply and so finely incised as that
of Canadoceras.

Remarks :—Because the holotype of the
type-species, N. carezi, is not perfectly
preserved, there is some obscurity in the
generic diagnosis of Nowakites. There
are, however, several species which can
be grouped with V. carez:, for instance,
Puzosia lemarchandi DE GROSSOUVRE
(1894, p. 173, pl. 22, fig. 5). from the
Coniacian of France, Ammonites paillettei
D'ORBIGNY (1811, p. 339, pl.102, figs. 3,
4), from the Santonian of France, and
probably also Ammoniles tallavignesi
D'ORBIGNY (1830, p. 190: COLLIGNON,
1955. p. 30. pl. 9. fig. 3). from the
Coniacian of France.

Pachydiscus jimboi KossMAT (1898, p.

92. pl. 14 [20], fig. 1) [=Ammoniles
denisonianus STOLICZKA, 1865, p. 130, pl.
45, fig. 2 only], from the Trichinopoly
Group of India, has characters somewhat
intermediate between Lewesiceras SPATH..
1922 and Nowakites. On studving its
holotype (GSI. 263), 1 am rather inclined
to refer it to Nowakites.

Ammonites  draschet REDTENBACHER
{1873, p. 123, pl. 30, fig. 1), from the
Gosau beds (Santonian part according to
BrRINKMANN, 1935) is probably a species
of Nowakiles. apparently transitional to
Canadoceras SPATH, 1922.

Ammonites dureri REDTEXBACHER (1873,
p. 118, pl. 28, fig. 2), another Gosau beds
species, does not belong to Nowakites
but to Pseudokossmaticeras SPATH, 1922,
as [ have already pointed out (MATSU-
MOTO, 1955a, p. 144).

The holotype of Senneratia savini DE
GROSSOUVRE (1893, p. 152, pl. 25, fig. 4),
from the Santonian of France. may be
referable to Nowakites, but a bitubercu-
late paratype (GROSSOUVRE, 1893, p. 152,
pl. 37, fig. 4) | regard as a species, pro-
bably new, of Teshioiles MATSUMOTO,
1955, allied to T. teshivensis MATSUMOTO
(1955, p. 174 and 178).

Pachydiscus linderi bt GROSSOUVRE
(1894, p. 188, pl. 18) was referred to
Nowakites by Spati (1922, p. 124, and
CoLLigNON (1955, p. 78). The large
holotype of this species, from the
Coniacian of France, and another similar-

ly large example from the Upper
Turonian of MNadagascar, were later
assigned to Pachydesmoceras SPATH.

1922, by CoiLIGNON himself (1961, p. 41},
and 1 agree with this attribution.
Nowakites  denticulatus  MARSHALL
(1926, p. 189, pl. 25, fig. 3; pl. 38, fig.'5).
from the Campanian of New Zealand,
and Pachvdiscus bystrzycae Now Ak 11913,
p. 353, pl. 40, fig. 9, pl. 43, fig. 27; pl.
44, fig. 37), from the Campanian of
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Poland, do not seem to be referable to
Nowakites. Although | have not seen the
original specimens, the former may be
referred to Gunnarites of Kossmati-
ceratidae and the latter to Pachvdiscus
itself.

Affinities :—Nowakites is  evidently
allied to and probably derived from, or
has a common ancestor (Eopachydiscus
WRIGHT, 1955) with, Lewesiceras SPATH,
1922. The former has more compressed
whorls with less cordate sections and
more deeply incised, less massive sutural
elements than the latter. Representative
species of Nowakiles have on the septate
whorl weaker and more crowded ribs
than those of Lewesiceras at correspond-
ing growth-stage. Some, if not all,
species of Lewesiceras attain a huge size
at which the shell become smoothish.
Nowakites is small or of moderate size,
so far as the available material is
concerned. Lewesiceras ranges from
Upper Cenomanian to Coniacian, with the
maximum abundance in the Turonian,
while Nowakites occurs in the Coniacian
and Santonian.

Canadoceras SpatTh, 1922, from the
Upper Santonian and Campanian, is
closely related to and probably directly
derived from Nowakites. In typical ex-
amples Canadoceras has more compressed
whorls, more numerous and stronger ribs
and more deeply and finely incised,
narrower sutural elements than Nowa-
kites. The multicostation and constric-
tion in the immature stages of Nowakites
seem to be extended to the later growth-
stages in Canadoceras. The shell of
Canadoceras in the middle or adolescent
stage has stronger umbilical tubercles

Diameter Umbilicus
No 47a 740 17.6¢0.24)
» (-1/4 voly — —

Tatsuro MATSUMOTO

and stronger major ribs and more dis-
tinct constrictions than Nowakites of
corresponding size. Some species of
Canadoceras attain a large size in which
the tubercles and constrictions are
weakened. A few species, such as
Nowakites draschei REDTENBACHER, 1873,
from the Santonian of the Alps, and
Canadoceras yokoyamai (J1MBo) (1894, p.
31, pl. 2, fig. 3} (see MATSUMOTO, 1954,
1959), from the Upper Santonian and
Campanian of Japan and Pacific side of
North America, have apparently inter-
mediate characters between the two
genera.

Distribution :—Several speices of Nowa-
kites are known from the Coniacian and
Santonian of France and Austria. In
other areas very few examples of the
genus have been described.

Nowakites flaccidicostus (ROMER)
Pl. 32, Fig. la b, c: Text-fig. 1

1852. Ammonites flaccidicosta ROMER, Die
Kretdebildungen von Texas und ihre
organischen Einschliisse, p. 33, pl. 1,

fig. la, b.
1928, Nowakites (?) Aaccidicosta, ADKINS,
Univ. Texas Bull. 2338, p. 221.
Lectotype . —The larger of the two

syntypes, No. 47 of the Palaeontological
Museum, University of Bonn, as illust-
rated in this paper, Pl 32, Fig.la,b,c, is
designated here as the lectotype. The
other syntype is not referable 1o the
present species.
Measurements in
formed condition) :—

millimeters (in de-

Height Breadth B/H
34(+) 152 0.9
31.0 28.5 0.92
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Description:—The  lectotype is a
somewhat deformed internal mould;

the unillustrated side is poorly preserved.
A half of the preserved last whorl is
unseptate, representing a body-chamber.

The whorl enlarges fairly rapidly,
embracing a rather narrow umbilicus.
[t is slightly higher than broad, having
a proportion of about 10:9 between
height and breadth, and is subelliptical
in cross section, with the maximum
thickness slightly below the middle of
the flank.

The ribs are nearly radial around the
umbilicus, broadly concave on the main
part of the flank and fairly strongly
projected on the venter. They are weak
and crowded on the septate part but
become gradually coarser and more dis-

Fig. 1.
illustration (ROMER,
extended to Prolessor

1852, pl. 1,

reproduction.)

Notes on Ammonites flaccidicosta ROMER

Ammonites flaccidicosta ROMER.

fig.

Kotora Haral
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tant on the body-whorl. As the septate
whorl is weathered around the umbilicus
the intensity of the umbilical tubercles
and the mode of branching or inter-
calation of the ribs are not clearly shown.
On the body whorl there is no branching
of the ribs, the shorter ribs arise at
about the middle of the flank, and the
umbilical tubercles are low and bullate.

The suture, which is in part weathered,
shows a general pachydiscid pattern,
having a trifid lateral lobe (L, some-
what deeper than the ventral lobe (E).
Auxiliary elements, including U2 and U4,
are gently descending. The lobes and
saddles are moderately incised and not
extremely narrowed.

Remartks :—The illustration of ROMER
(1852, pl. 1, fig. la, b) (Fig. 1 of this

Reproduction of the original
b). (Acknowledgements are
Tohoku University for this

la,
of
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paper) was obviously too much restored.

yfinities :—The described lectotype of
A flaccidicosta resembles in many res-
pects the holotvpe of Nowakites carezi
(bE GROSSOUVRE) (1894, p. 190, pt. 25.
fig. 31, preserved in the Muscum National
d'Histoire Naturelle. Paris. The [ormer
has a narrower umbilicus (24 as com-
pared with 28 percent of diameter) and
less compressed, septate whorl and some-
what stronger ribs than the latter. The
two specimens have the same type of
ribbing and their constrictions on the
septate whorl are commonly shallow and
weak. The suture of the I‘rench speci-
men was described as unknown but is
actually incompletely exposed. showing
a pachydiscid type.

To sum up the lectotype of Ammonites
Maccidicosta is so close to the holotype
of Nowakites carczi that 1t is justifiable
to refer it to Nowakites. It could be,
furthermore, suggested that the above
mentioned difference might be within a
variation of the identical species.

Nowakites flaccidicostus (ROMER) is
similar to but distinguished from Nowe-
kites paillefter {D'ORBIGNY) (1841, p. 339,
pl. 102, figs. 3, 4) (sce also GROSSOUVRE,
1894, p. 149, pl. 37, fig. 2) in its weaker
and non-sigmoidal ribs.

Youneg f1963. p. 55. pl. 16, figs. 5, 6;
pl. 76, fig. 5. text-lig. 10b) described a
specimen from the Austin Chalk as
Nowakites (?) sp. cf. N. (?) flaccidicostus.
It is larger and has a higher whorl| than
the lectotype but is still septate. The
character of its inner whorl is not well
shown. Therefore | hesitate to conclude
its specific identity.

Occurrence .—The lectotype was re-
corded as having been found at the
Waterfall of Guadalupe below New-
Braunfels, Texas. The matrix of the
fossil is chalky rock containing abun-
dant bioclastic fragments (mostly frag-

pieces of [noceramus
some coarse-

mentary, small
shells and prisms) and
grained minerals.

Genus I’seudojacobites SPATH, 1922

Type-species :—Pachydiscus  farmeryi
CricK, 1910, from the Turonian of
England, by original designation.

Generic diagnosis :—The shell is rather
small to moderate in size. The whorl is
cordate or oval in cross section, with
more or less inflated flanks. It is orna-
mented with radial ribs, umbilical tuber-
cles and also in the late growth-stage
ventrolateral and ventral tubercles.
Constrictions may be rather weak.

In the type-species, the suture is not
clearly known. In another species, P.
rotalinus (SToOLICZKA), it is of pachy-
discid type and considerably incised.

Remarks .—The holotype of Pachy-
discus farmeryi CrICK (1910, p. 345, pl.
27, figs. 1, 2), BM. C 12220, is indeed
imperfectly preserved, but it does show
particular characters which deserve
generic distinction.

As WRIGHT and MATsumoto (1954, p.
124) remarked, Awmumonites rotalinus
StoLiczkA (1865, p. 65, pl. 31, fig. 2)
(KossmaT, 1897, p. 91 [156]. pl. 14 [20],
fig. 3), the holotype of which I have re-
cently studied at the Geological Survey
of India, is probably another example of
Pseudojacobites, of which Rotalinites
SHiMIZU, 1935, is a synonym. WRIGHT
showed me another example of Pseudo-

jacobites recently collected by Mr. SyITH

from the Chalk Rock of England. In
addition to Pseudojacobiles masiaposensis
(COLLIGNON, 1955), Psendojacobites anko-
bensis COLLIGNON (1965) has recently been
described from the Upper Turonian of
Madagascar. The latter seems to be
characterized by having more precocious
development of ventrolateral and siphonal
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tubercles and smaller umbilical tubercles
than the former, as WRIGHT (letter of
March 3, 1966) has noted. | am going
to describe below anolher new species
from Texas.

Apfinities :—Pseudojacobites  resembles
Lewesiceras and also Nowakites, bul is
distinguished by the presence of ventro-
lateral and ventral tubercles.

A (ransitional feature from Lewest-
ceras to Pseudojacobdites is shown by such
a species as Pachydiscus anapadensis
{KossMAT) (1898, p. 90 [155], pl. 14 [20],
fig. 2) [=Ammonites peramplus. STOLI-
CzZKA, 1865, p. 130, pl. 65, figs. 1, 2, non
Mantell, 1822], which is close to Lewesi-
ceras mantelli WRIGHT and WRIGHT
(1951, p. 20 [=- mmonites peranplus,
SHARrPE, 1853, p. 26, pl. 10, fig. 3 (only),
non MANTELL, 1822] but has strengthen-
ing and then incipient tuberculation of
the ribs at the ventrolateral shoulders.
This Indian species should be Kept in
Lewesiceras, since it has no siphonal
tubercles.

Distribution :—The hitherto known
species of Pseudojacobites have bheen
recorded as occuring in the Turonian
and Coniacian of England, India and
Madagascar. A new species here des-
cribed is presumed to be from the
Senonian (?) of Texas, but its true strati-
graphic and geographic range should be
determined by further collecting.

Pseudojacobites lexanus sp. nov.
PlL. 32, Figs. 2a, b. ¢, d

1852. Ammonites flaccidicosta RoMER, Dic
Kreidegebildungen von Texas und ihre
organischen Einschliisse, p. 33 (parts.).

Hololype :—The smaller of the two
syntypes of . Ammonites flaccidicosta
ROMER, No. 47 of the Palaeontological
Museum, University of Bonn.

Description :—The holotype is incom-
pletely preserved, consisting of a half
whorl, about 65mm. in diameter. The
umbilicus is estimated at about 28
percent of the diameter.

The whorl is rounded and rather
cordate in cross section, being slightly
higher than broad, with height of 26 mm.
and breadth of 25 mm., and broadest at
about one third of the height.

The ribs arc numerous, slightly nar-
rower than the interspaces, of moderate
intensity, and of unequal length. Four
longer ribs on a half whorl are provided
with umbilical tubercles and accompanied
by constrictions. They are concave on
the flank and moderately projected on
the venter. Some of the ribs have
tubercles at the wventrolateral shoulder
and on the siphonal line. On the minor
ribs the tubercles are very small; the
ventral one is double consisting of two
tiny ones on either side of the siphonal
line. On the major ribs the ventral
tubercles are single, situated on the
siphonal line, and these and ventrolateral
tubercles are strengthened.

The suture, which is incompletely
exposed and partly eroded, is of pachy-
discid type, having a trifid lateral lobe
(L;, smaller U2 and still smaller Ul
The sutural elements are moderately
incised.

Affinities :—The specimen {rom the
Chalk Rock (Upper Turonian) of England
is closely similar to the present spccies
in that the ventral tubercles are double
on the septate whorl. The holotype of
Pseudojacobites farmeri (CRICK), from the
zone of Holaster planus, England, has
apparently more compressed whorls but
is secondarily deformed; it has finer
and more numerous minor ribs, and
larger umbilical tubercles which are
higher up the side. Pseudojacobites
rotalinus (STOLICZKA), from the * Utatur”
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(?) Group of India and the Turonian (?)
of Madagascar, has more depressed
whorls., wider umbilicus, more frequent
major ribs and stronger tubercles, of
which the umbilical ones are shifted
upward and the ventral ones are single.
Pseudojacobites ankobensis COLLIGNON
(1965, p. 10, pl. 380. fig. 1643), from the
Upper Turonian of Madagascar, has also
depressed whorls and stronger tubercles
than the present new species.
Occurrence .—The single available
specimen was recorded as being found
at the Waterfall of Guadalupe below
New-Braunfels, Texas. On the inner
side of the body-chamber numerous
small shells of FExogvra are attached.
The matrix is fine limy rock with little
bioclastic and mineral fragments.

Concluding Remarks

As a result of the restudy of the two
syntypes of Ammonites flaccidicosta
ROMER, 1852, the following two species
are distinguished :

Nowakites Aaccidicostatus (ROMER),
represented by the lectotype, des-
ignated in this paper, and

Pseudojacobites texanus sp. nov., re-
presented by the other syntype,
which is designated in this paper
as the holotype of this new species.

The two specimens were recorded to

have been found at the Waterfall of
Guadalupe below New-Braunfels, Texas.
They could be, however, of different
stratigraphic position, since they are
dissimilar in the lithology of their rock
matrix. To quote from kind information
from Prof. K. Youxc (letter of Dec. 6,
1965}, ** The fossil from the fine-grained
limy rock with small shells of Fxogvra
(?) is probably from the Dessau Member.
Lower Campanian, my zone of Submor-

toniceras tequesquitense. However, the
zone of Prionocyclus does contain Exogyra
sp. cfr. columba in this area. The fossil
from the bioclastic formation should be
from the Coniacian part of the Austin.
This agrees with the reporting of
Nowakites from the lower Austin by
ADKINS and HAZzARD at many localities
in the Rio Grande Valley.” Anyhow,
further collecting from better defined
beds is necessary for more precise
evaluation of these ammonites.
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Explanation of Plate 32

Page

Fig. 1. Nowakites flaccidicostus (ROMER) ...... e . 296

Fig. 2

Lectotype, No. 47 (a). Palaeological \/Iuscum Unwerbntv of Bonn from the Water
fall of Guadalupe beolw New-Braunfels. Texas. Lateral (a) and ventral (b) views,
x 1, and external part of septal suture (c). x2.

Pseudojacobites lexanus Sp. MOV, . ... ..ottt i 299
Holotype, No. 47 (b), Palaeontological Museum, University of Bonn, from the
Waterfall of Guadalupe below New-Braunsfels, Texas. Two lateral (a, b) and
ventral (¢) views, x1, and external suture (d), x2.

Kyushu University photo

Sutures are drawn by T. M., with some restoration (in broken line) of eroded parts.
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Introduction

The Taishaku Limestone. well exposed
in the northern part of Hiroshima Pre-
fecture belonging to the Inner Zone of
West Japan, contains a large number of
Carboniferous and Permian fusulinids
supremely important for the purposes
of zoning the limestone and expanding
the regional and international corre-
lations. The concise outline of the
stratigraphy of this limestone has been
known by the works of Haxzawa
(1942) and FunmoTo (1944). However,

* Received March 16, 1966: read Nov. 7,
1965 at 92nd Meeting of the Paleontological
Society of Japan, at Chiba.
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Carboniferous and Permian fusulinids of
the Taishaku Limestone have been re-
mained undescribed. Recently one of the
authors (Yokovyama, 1957, 1960) published
the descriptions of Carboniferous and
Permian corals from the limestone, and
in 1959 gave a briel report concerning
the occurrence of the Yabeina fauna in
the Yasumoto formation distributed in
the central part of this limestone
plateau. A few vyears later, the authors
reinvestigated the Yasumoto formation
and examined a large number of avail-
able thin sections prepared by themselves.
As a result of the study. Yabeina multi-
septata  multiseplata (DEPART), Y. m.
shiraiwensis Ozawa, Y. minuta THOMP-
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Text-fig. 1. Map showing the fos:zil locality in the Taishaku
Limestone Plateau, Hiroshima Prefecture.

SON & WHEELER, Y. elongata (GUBLER)
and Chusenella sp. A were identified,
among which the second was most abun-
dant. Compared with the Upper Permian
fusulinid faunas in various localities of
Japan, the Yasumoto fauna is quite uni-
que in containing Y. elongata, and it
seems that the fauna corresponds closely
in specific composition with the Cambo-
dian faunas described by GUBLER (1935)
and Isuit and Nocami (1964). In this
paper the authors propose the name of
Yabeina elongata zone to the Yasumoto
formation characterized by the fusulinids
listed above, and also give the complete
descriptions of them. As to the detalis

of the Permian stratigraphy of this
limestone, the readers are requested to
refer to the paper which will be des-
cribed by YOKOYAMA in the nearest
future.

Systematic Paleontology
Family Fusulinidae MOLLER, 1878

Subfamily Neoschwagerininae
DUNBER & CONDRA, 1928
Genus Yabeina DeprraT, 1914

Yabeina multiseptata multiseptata
(DEPRAT)



5
PL 33, figs. 4-5, 7-8

1912. Neoschwagerina (Sumatrina) multi-
septate DEPRAT. Mém. Serv. géol. In-
dochine. Vol. 1, I'asc. 3. pp. 53-55, pl.
3. figs. 2-8.

1914. Neoschwagerina (Sumatrina)  multi-
septata, Deprar. ibid., Vol. 3, Fasc. 1,
pp. 34-35, pl. 5, figs. 7-11.

1922. Neoschwagerina (Yabeina) hayasakai,
Ozawa. Geol. Soc. Tokyo, Jour., Vol.
29, No. 348, pp. 369-370, pl. |, fig. 2.

1924. Neoschwagerina multiseptata, CoLANI.
Mém. Serv. géol. Indochine. Vol. 11,
Fasc. 1, pp. 154-155, pl. 15, fig. 1: pl
24, figs. 12-13: pl. 25, figs. 1-8, 10-12,
14-15: pl. 26, figs. 1-2, 4, 6-18.

1935. Neoschwagerina multiseptata, GUBLER.
Mém. Soc. géol. France. Nov. Sér., T.
11, Fasc. 4, pp. 119-123, pl. 3, fig. 5; pl.
6, figs. 1, 3. 8-10; pl. 7, fig. 5.

1935. Neoschwagerina megasphaerica, Gun-
LER. ibid.. pp. 114-116. pl. 7, fig. 3: pl.
6, fig. 4.

1948. Lepidolina wmultiseptata. ‘THOMPSON.
Protozoa, Art. ], Univ. Kansas, pp. 66—
67, pl. 20, figs. 5-6; pl. 22, figs. 1-3.

1954. Lepidolina multiseptata, SKINNER &
WiLp. Jour. Paleont., Vol. 28, No. 1,
pp. 449-450, pl. 52, figs. 1-5.

1964. Yabeina multiseptala  multiseptata,
Isuit & Nocami.  Jour. Geoscl.. Osaka
City Univ., Vol. 8, Art. 2, pp. 17-20, pl.
3, figs. 1-3: pl. 4, hgs. 1-3; pl. 5, figs.
1-4.

Material :—The present specimens
came from the Yasumoto formation at
Loc. A52207 and illustrated ones are as
follows: Rg. No. Ab2207-4, A52207-9,
A52207-10 and A52207-11. Beside them,
many specimens from the same locality
were prepared.

Description :—The shell
multiseptata multiseptata (DEPRAT) is
large and inflated fusiform, with a
straight axis of coiling. The lateral
slopes are nearly straight to gently
concave. The specimen (Rg. No. A52207-
11) illustrated as fig. 7 on Pl 33 is 7.75

of Yabeina
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mm. in length and 475mm. in width.
giving a form ratio of 1.6. The ratios
of the half length to the radius vector
of the lIst to the l4th volution of a
specimen (Rg. No. A52207-11) are 0.95,
093. 0.94, 1.07. 1.14, 117, 124, 1.39, 1.47,
157, 1.59, 163, 1.73 and 1.65, respectively.

The proloculus is large and spherical.
Its outside diameter ranges from 585 to
990 microns. The shell expands rapidly
and almost uniformly throughout the
growth. The radius vectors of a speci-
men (Rg. No. A52207-11) are 396. 528,
661. 922, 925, 1,020, 1,152, 1,303, 1435
1586, 1775, 1964, 2,096 and 2455
microns, respectively, for the Ist to the
14th volution.

The spirotheca is thin and consists of
a tectum and a very thin Keriotheca
with very fine alveoli. The thickness of
the spirotheca at its thinnest point be-
tween the adjacent septula in a certain
form (Rg. No. A52207-4) is 11-18 microns
in the 1st to the 15th volution.

The septa and septula are present
throughout the shell. One primitive
secondary spiral septulum occurs in the
1st volution and two septula appear in
the 5th or the 6th volution.

The foramina are small and circular in
cross section.

Remarks :—Y abeina multiseptata multi-
septata was originally described by
DEPRAT (1912) from Sisophon in Cambo-
dia under the name of Neoschwagerina
(Sumatrina) multiseptala. Very recently
Isuii & Nogawmi (1964) described this
species from Battambang Province of
Cambodia under the name of Yabeina,
and then they divided it into three
subspecies, namely. Y . multiseptata mult-
septata  (DEPRAT), Y. m. gigantea
(GUBLER) and Y. m. shiraiwensis OZAWA,
the last of which is to be described
below. The specimens in authors’ col-
lection coincide with the Cambodian
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Table 1. Measurements of Yabeina multiseptaia multiseptata (DEPRAT)

Specimen
Pl fig.
Length
wWidth
Form ratio
Prol.

Radius vector

Ratio of Hl/Rv.

Thickness of spirotheca

<
=N

L 00 =) O UL e QOB

A52207-11
33-7
7.75
4.75
1.6
0.623

396
528
661
922
925
020

NN, O0000 0
[
[%5]
)

s s
©n
—

.023

.023
. 016
. 023
.018
. 016
.021
.016
.023
.023
. 025
. 016
.021
. 018

A52207-4

33-4

61
65
71
71

70

. 009
.011
013
.013
.018
.016
.013
.01l
.016
.01
. 016
.011
.018
.013
.013

.018

(Measurements in millimeters)
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ones in the following respects, namely,
the general shape of the shell, the size
of the shell, the form ratio. the size of
the proloculus, the radius vector and
the essential internal biocharacters.

Yabeina multiseptata multiseptata re-
sembles }. m. shiraiwensis QzAwA more
closely than any other known species.
They are, however, distinguished from
each other, for Y. m. multiseptata has
the larger proloculus, somewhat thinner
spirotheca and rather rapider expansion
of the shell for the corresponding
volution.

Occurrence :—Commonly found in the
Yabeina elongata zone of the Yasumoto
formation at Yasumoto (Loc. A52207) on
the Taishaku Plateau; the associated
fusulinids are Yabeina multiseptata
shiraiwensis, Y. minuta, Y. elongata and
Chusenella sp. A.

Yabeina multiseptata shiraiwensis
OzawAa

Pl. 33, figs. 1-3

1925. Yabeina shiraiwensis OzAawa. Jour.
Coll. Sci., Imp. Univ. Tokvo., Vol 45
Art. 6, pp. 63-64. pl. 2, figs. 2b, 5¢c, 7b:
pl. 10, figs. 1-2.

1936. Yabeina shiratwensis, Hilimoro.  Sci.
Rep. Tokvo Bunrika Daigaku. Geol. C.
Vol. 1, No. 2, pp. 122-123. pl. 26, figs.
1-7.

1942. Yabeina shiraiwensis, TORIYAMA. fapan.
Jour. Geol. Geogr., Vol. 18. No. 4, p. 245,
pl. 24, figs. 1-6.

1942. Yabeina yasubaensis. TORIYAMA. ibid.,
p. 246, pl. 25, figs. 8-13.

1954. Yabeina yasubaensis. KANMERA. Mem.
Fac. Sci.. Kyushu Univ., Ser. D, Vol. 4,
No. 1. pp. 18-19. pl. 2, figs. 10-13: pl. 5.
figs. 14-19.

1956. Yabeina shiraiwensis. CueN. Paleont.
Sinica, New Ser. B. No. 6, pp. 13, 64-
65. pl. 16, figs. 8-10.

1956. Yabeina shiraiwensis. MoORIKAWA. Sci.

Rep. Saitama Univ., Ser. B, Vol. 2, No.
2, pp. 254-256, pl. 33. figs. 1-11: pl. 34
figs. 8-9.

1958. Yabeina shiratwensis, Tor1YAMA. Mem.
Fac. Sci.. Kyushu Univ., Ser. D, Vol. 7,
pp. 236-241, pl. 45, figs. 1-11,

1958. Yabeina yasubaensis, TorRIYANMA. ibid.,
pp. 241-244, pl. 45, figs. 12-14.

1958. Yabeina vasubaensis, Nocami. Mem.
Coll. Sci.. Univ. Kyolo, Ser. B, Vol. 25,
No. 2, pp. 102-103. pl. 1, fig. 8.

1958. Yabeina shiraiwensis. MorRIKAwWA ct al.
Jub. Pub. Commem. Prof. H. Fujimoto
Sixtieth Birth, p. 89, pl. 6, fig. 9.

1960. Yabeina shiraiwensis, CHisAKA. Coll.
Art. Sci., Chiba Univ., Vol. 3, No. 2. pp.
248-249, pl. 5, figs. 1-10: pl. 6. fig. 5.

1960. Yabeina shiraiwensis, Moricawa. Sci.
Rep. Saitama Univ.. Ser. B, Vol. 3, No.
3. pp. 296-297, pl. 53, figs. 1-9.

1961. Yabeina shiraiwensis, Nocasmi. Mem.
Coll. Sci.. Uinv. Kyoto, Ser. B, Vol. 28,
No. 2, pp. 186-190. pl. 8, figs. 1-8.

1962. Yabeina shiraiwensis, Isuir & Nocami.
Jour. Geosci.. Osaka City Univ.. Vol. 8,
Art. 2, pp. 13-17.

1964. Yabeina multiseptata  shiraiwensts,
IsHit & Nocasmi. Jour. Geosci.. Osaka
City Univ.. Vol. 8, Art. 2, pp. 13-17.

Material :—A large number of speci-
mens from Loc. A52207 were examined
and among them three specimens (Rg.
No. A52207-7, A52207-12 and AB52207-5)
are illustrated.

Description :—The shell of Yabeina
multiseptata shiraiwensis OzAWA is large
and inflated fusiform, having a straight
axis of coiling and bluntly pointed poles.
The lateral slopes are straight to gently
concave. The largest specimen (Rg.
No. A52207-5) illustrated as fig. 3 on
Plate 33 is 825 mm. in length and 4.40
mm. in width, with a form ratio of 1.9.
The first four volutions are nearly
spherical to subspherical and following
two are highly inflated fusiform. Be-
vond the 7th volution the shell attains
nearly to its mature shape. The ratios
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Table 2. Measurements of Yabeina multiseptata shiraiwensis OzZAWA

Specimen A52207-7 AB2207-5 A52207-12
Pl fig. 33-1 33-3 33-2
Length 6. 85 8.25 6.25
Width 4. 350 4,40 3.50
Form ratio 1.5 1.9 1.8
Prol. 0. 396 0.264 0. 321
Vol.
Radius vector 1 0.226 0.188 0.226
2 0.302 0.283 0. 283
3 0. 396 0.377 0.358
4 0.510 0. 453 0. 434
5 0. 661 0. 566 0.510
6 0. 830 0. 698 0. 623
7 0. 982 0.812 0.717
8 1.152 0.963 0. 812
9 1.341 1. 095 0.963
10 1.548 1. 265 1.190
11 1.737 1.454 1. 341
12 1. 964 1.624 1.473
13 2,172 1.832 1. 624
14 2.021 1. 794
Ratio of HL/Rv. 1 1.42 1.20 0. 92
2 1.50 1.00 0.87
3 1.57 1.05 0.95
4 1.67 1.25 1.22
5 1.63 1.46 1. 44
6 1.60 1. 46 1. 55
7 1.67 1.60 1. 6]
8 1.67 1.83 1.68
9 1.69 2.08 1. 65
10 1.65 2.10 1. 44
11 1.68 2.4 1.48
12 1.63 2.15 1.54
13 1.65 2. 14 1.51
14 1.47
Thickness of 0 . 027 . 029 . 034
spirotheca 1 .027 . 027 . 023
2 .021 . 023 . 025
3 .027 . 029 .016
4 . 021 . 027 .013
5 . 029 .021 .021
6 . 023 . 027 . 027
7 . 036 .013 .01t
8 . 027 . 016 . 027
9 .023 . 016 .021
10 .018 . 023 .021
11 . 025 . 016 . 023
12 .023 . 023 . 023
13 . 027 . 023
14 . 025 . 025
15 .018 . 025
16 .021

(Measurements in millimeters)
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of the half length to the radius vector
of the 1lst to the 13th volution of a
specimen (Rg. No. A52207-5) are 1.20,
1.00, 1.05, 1.25, 146, 1.16, 1.60, 1.83, 2.08,
2.10, 2.14, 2.15 and 2.14, respectively.

The proloculus is moderate and spheri-
cal. [ts outside diameter is ranging
from 264 to 396 microns. The shell is
tightly coiled in the inner five volutions
and expands uniformly in the outer
ones. The radius vectors of a specimen
are 188, 283, 377, 453, 566, 698, 812, 963,
1,095, 1,265, 1454, 1,624, 1,832, and 2,021
microns, respectively, [or the 1st to the
14th volution.

The spirotheca is thin and composed
of a tectum and a very thin keriotheca
with very fine alveoli. The thickness of
the spirotheca at its thinnest point be-
tween the adjacent septula in a speci-
men (Rg. No. A52207-5) measures 21-29
microns in the lst to the 6th volution
and 13-27 microns in the 7th to the 15th
volution.

The septa are thin and composed of
a tectum and the downward extension
of the keriotheca. The axial septula
present throughout the shell. The
secondary spiral septula are very short
and primitive in the inner two or three
volutions, but they become distinct in
the ith volution. There is one septulum
between the adjacent primary septula in
the inner volutions, but two septula
occur occasionally in the outer ones.

The foramina are very small and cir-
cular in cross section.

Remarks:—In the shell shape, the
radius vectors, the proloculus diameter,
the spirothecal thickness, and the inter-
nal modes, the present specimens quite
agree with Yabeina shiraiwensis OzZAWA
(1925, pl. 10. fig. 2) from the AKiyoshi
Limestone. Recently IsHII and NoGAMi
(1961) made a comparative study of Y.
shiranwensis  and Y. multiseptata

(DEPRAT), the latter of which was col-
lected from Cambodia, and they came
to the conclusion that Y. shiraiwensis
was only a subspecies of Y. multiseptata.
The differences between Y. multiseptata
shiraiwensis and Y. m. muliseptata in
the characters of the shell and the
measured values were fully discussed
by them. Therefore, the further dis-
cussion is not necessary in this paper.

Occurrence :— Abundant in the Yabeina
elongata zone of the Yasumoto formation
cropping out at Yasumoto (Loc. A52207)
on the Taishaku Plateau; the associated
fusulinids are Yabeina multiseplata multi-
septata, Y. minuta, Y. elongata and
Chusenella sp. A.

Yabeina minuta THOMPsON &
WHEELER

Pl. 34. figs. 3-4

1942, Yabeina minuta Tuonxpsox & Wnie-
LER. four. Paleont.. Vol. 16, pp. 707-
708. pl. 106, figs. 6-9, 10?

1964. Yabeina minuta, lIsuut & Nocawml.
Jour. Geosci., Osaka City Univ., Vol. 8,
Art. 2, p. 22, pl. 4, figs. 4-T.

Mualerial :(—Several specimens were
identified from Loc. Ab2207, among
which the illustrated ones were Rg. No.
A52207-3 and A52207-15.

Description :—The shell of Yabeina
minuta THOMPSON and WHEELER is
small and inflated fusiform shape with
a straight axis of coiling and bluntly
pointed poles. The lateral slopes are
straight to slightly convex. The speci-
men (Rg. No. A52207-3) illustrated as
fig. 3 on Pl 341is 7.85 mm. in length and
305 mm. in width, giving a form ratio
of 26. The 1st to 2nd volutions are
spherical and the 3rd to 7th are highly
inflated fusiform. Beyond the 8th volu-
tion the shell becomes its mature shape.
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Table 3. Mecasurements of Yabeina minuta Tooarsox and WHEELER
Specimen AB2207-3: Pl 34, fig. 3.
Length Width Form ratio Prol.
7.85 3.05 2.6 0.250
Radius vector Ratio of HL./Rv. Thickness of spirotheca
Vol. Vol. Vol.
0 .01
1 0.207 1 1.00 1 . 025
2 0. 264 2 1.43 2 .018
3 0.321 3 1.8 3 .029
4 0. 415 4 1.82 4 . 023
5 0. 191 5 2.1? 5 .018
6 0. 604 6 2.03 6 .023
7 0. 698 7 2.16 7 027
8 0.793 8 2.38 8 027
9 0.944 9 2.50 9 .034
10 1.057 10 2.64 10 .025
11 1.227 11 2. 60 11 .018
12 1.378 12 2.58 12 .021
13 1. 605 13 2.3 13 . 027

The ratios of the half length to the
radius vector of the 1lst to the 13th
volution of a specimen (Rg. No. A52207-
3) are 1.00. 1.43, 1.85, 1.82, 2.12, 2.03, 2.16,
238, 250, 264. 260, 258 and 2.35. re-
spectively.

The proloculus is moderate and spheri-
cal. Its outside diameter measures 250
microns in one of the illustrated speci-
mens. The shell is tightly coiled in the
inner four volutions and expands uni-
formly in the outer ones. The radius
vectors are 207, 264, 321, 415, 491, 604,
698, 793, 944, 1,057. 1,227, 1.378 and 1,605
microns, respectively, for the 1st to the
13th volution.

The spirotheca is thin and composed
of a tectum and a very thin keriotheca
with very fine alveoli. The thickness
of the spirotheca at its thinnest point
between the adjacent septula in a speci-
men is 18-31 microns in the 1st to the
13th voluation.

The septa are thin and composed of a

(Measurements in millimeters)

the downward extension
Both the axial septula
and the primary spiral septula are
present throughout the shell. The
secondary spiral septula are invisible in
the inner three volutions, but they are
observed in the 4th to 13th ones. In
the 4th to 8th volutions they are very
short and primitive, but beyond the 9th
they become distinct.

The foramina are small and circular
in cross section.

Remarks :(—Yabeina minuta originally
described and illustrated by THOMPSON
and WHEELER (1942) from the Marble
Canyon Limestone in Southern British
Columbia shows a fairly wide range of
variation in the size of the proloculus,
the form ratio and the size of the shell.
Compared with the syntypes, the speci-
mens illustrated here assume the slight-
ly larger form ratio and possess the
slightly larger proloculus. Nevertheless,
they are more closely allied to }. minuta

tectum and
of a keriotheca.
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than to any other known species.
The present species somewhat re-

sembles VYabeina packardi shimensis
Yamaciwa & Isun (1958) from the
Omura Island, Mie Prefecture. How-

ever, the former species can be easily
distinguished from the latter, having
the fairly larger shell, the larger form
ratio and the larger proloculus.

Occurrence:—Rarely found in the
Yabeina elongata zone of the Yasumoto
formation at Yasumoto (Loc. A52207) on
the Taishaku Plateau.

Yaheina elongata (GUBLER)

Upper Permian Fusulinids from the Taishaku Limestone
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1935. Neoschwagerina  elongata  GUBLER.
Mém. Soc. géol. France, Nov. Sér., T.
11, Fasc. 4, pp. 108-111, pl. 8, figs. 1-2,
5, 12.

Yabeina elongata. [sHii & NocawmlL
Jour. Geosci., Osaka City Univ., Vol. 8,
Art. 2. p. 23, pl. 7. figs. 1-3.

1964.

Material :—Rg. No. A52207-1 and
A52207-2 were collected from Loc.
A52207 at Yasumoto on the Taishaku
Limestone Plateau.

Description :—The shell of VYabeina
elongata (GUBLER) is large and highly
elongated fusiform to subcylindrical,
having a straight to broadly curving
axis of coiling. The lateral slopes are

Pl 34, figs. 1. 5 straight to gently concave. The speci-
Table 4. Measurements of Yabeina elongata (GULBER)
Specimen A52207-1: Pl 34, tig. 1.
Half length Width Form ratio Prol.
9. 40 5.50 — —
Radius vector Ratio of HIl./Rv. Thickness of spirotheca
Vol. Vol. Vol.
0 —

1 — i —_ 1 —

2 0. 094 2 1.67 2 .011

3 0.151 3 2.00 3 . 009

4 0.207 I} 2,17 4 . 005

5 0.264 5 2.46 5 . 004

6 0. 340 6 2.9 6 . 005

7 0. 472 7 2.64 7 . 003

8 0. 566 8 3.17 8 005

9 0. 680 9 3.00 9 . 004
10 0.793 10 2.74 10 . 006

11 0.944 11 2.72 11 . 004
12 1.057 12 2. 80 12 . 004
13 1. 265 13 2. 80 13 . 004
14 1.397 14 2.94 14 . 004
15 1. 567 15 2-98 15 . 003

16 1. 756 16 2.98 16 . 004
17 1. 945 17 2.76 17 . 005
18 2.134 18 2.88 18 . 003
19 2.342 19 2.97 19 . 005
20 2. 623 20 . 006

W
<
‘ o
[
(=

(Measurements in millimeters)



312 Kimiyoshi SADA and Tsuruo YOKOYAMA

men illustrated herein as fig. 1 on Pl. 34
(Rg. No. A52207-1) is 940 mm. in half
length and 550 mm. in width. The first
three volutions are spherical to Subspheri-
cal and following two are inflated fusi-
form. Beyond the 6th volution the shell
becomes its mature shape. The ratios
of the half length to the radius vector
of the 2nd to the 20th volution of a
specimen (Rg. No. A52207-1) are 167,
2.00, 2.17. 246, 290, 2.64, 3.17, 3.00, 2.74,
272, 2.80, 2.80, 2.914, 298, 298, 2.76, 2.88,
297 and 3.00, respectively.

The proloculus is very small. The
shell is very tightly coiled in the inner
eight volutions and expands uniformly
in the outer ones. The radius vectors are
94, 151, 207, 264, 340, 472, 566, 680, 793,
944, 1,057, 1,265, 1,397, 1,567, 1,756, 1,945,
2,134, 2,342 and 2,625 microns, respective-
ly, for the 2nd to the 20th volution.

The spirotheca is thin and consists of
a tectum and a very thin Keriotheca
with very fine alveoli. The thickness
of the spirotheca at its thinnest point
between the adjacent septula in a speci-
men is 3-11 microns in the 2nd to the
10th volution and 3-6 microns in the
11th to the 20th volution.

The septa and the septula are present

throughout the shell. One primitive
secondary spiral septulum between the
adjacent primary septula first appears in
the 3rd volution. In the 9th to 1llth
volutions there are occasionally two
secondary spiral septula, which are
usually observed in the 12th to 20th
volutions.

The foramina are very small and
circular in cross section.

Remarks :—Yabeina elongata described
by GuBLER (1935) from Cambodia is
characterized by its large and elongate
shell, very tight coiling in the inner
volution, very thin spirotheca, very
thin septa and septula, very small size
of proloculus and a number of volutions.
Recently IsHIr and Nocami (1964) de-

scribed the same species from the Bak
Limestone and the Phn. Sampou

Limestone in Battambang of Cambodia.
In the essential biocharacters and the
statistical data of the shell, the Taishaku
specimens quite agree with the Cambo-
dian specimens described by them.

Occurrence:—Rarely found in the
Yabeina elongata zone of the Yasumoto
formation at Yasumoto (Loc. A52207) on
the Taishaku Plateau.

Explanation of Plate 33

All x10, except figs. 1 and 3.

Figs. 1-3.

Yabeina multiseptata shiraiwensis Ozawa, 1925,

1-3. Axial sections: Rg. No. A52207-7 (x10.9), A32207-12 and A52207-5 (x10.7), re-

spectively. Loc. No. A52207.

Fig. 6. Chusenella sp. A (See also Pl 34 fig. 2).
6. Axial section: Rg. No. A52207-6. Loc. No. A52207.

Figs. 4-5, 7-8.
4-5 and 7.
Loc. No. A52207.

Yabeina multiseptata multiseptata (DErrat), 1912
Axial sections: Rg. No. A52207-4, A52207-9 and A52207-11, respectively.

8. Sagittal section: Rg. No. A52207-10. Loc. No. A52207.

All from the Yasumoto formation of the Taishaku Limestone.

Photos by Kimiyoshi SApDA
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Subfamily Schwagerininae DUNBER
and HENBEST, 1930

Genus Chusenella Hsu, 1942
emend. CHEN, 1956

Chusenella sp. A
Pl 33. fig. 6: Pl 34, fig. 2

Material :—The specimens illustrated
(Rg. No. Ab2207-6 and Rg. No. A52207-
8) were collected from Loc. A52207.

Description :—The shell of Chusenella
sp. A is large and conicocylindrical.
having a straight to slightly curved
axis of coiling and acutely pointed
poles. The lateral slopes are slightly
convex or occasionally depressed near
the polar regions. The specimen illu-
strated as fig. 6 on Pl 33 (Rg. No.
A52202-6) is 1150 mm. in length and
3.75 mm. in width, giving a form ratio
of 3.1.

The proloculus is small and spherical.
The outside diameter of the proloculus
is 150 microns in one of the specimens.
The shell is very tightly coiled in the
inner four volutions and expands rather

rapidly in the outer ones. The radius
vectors of a specimen are 132, 188, 264,
377, 547, 774, 1076, 1454 and 2002
microns, respectively, for the Ist to the
14th volution.

The spirotheca is thin in the inner
four or five volutions. but in the outer
five ones it becomes thick and is com-
posed of a tectum and a keriotheca
with coarse alveoli. The thickness of
the spirotheca of the 1st to the 9th
volution is 18, 27, 27, 29, 57, 94, 126, 103
and 142 microns, respectively.

The septa are thick and strongly
fluted throughout the length of the
shell. The rudimentary chomata are
observed only in the inner volutions.
The tunnel is low and its path is irre-
gular. The heavy fillings occur in the
chambers of the axial regions.

Remarks:—In the shape of the shell
the present species resembles Chusenella
conicocylindrica CHEN (1956, pl. 4, fig. 7)
from the Chinghsichung Limestone,
Hutien. Hunan Province, China. They
are, however, distinguished from each
other, for the former species has the
larger shell, the larger proloculus, and

Table 5. Measurement: of Chusenella sp. A

Specimen AS52207-6: PI. 33, fig. 6.
Length Width Form ratio Prol.
11.50 3.75 3.1 0.150
Radius vector Thickness of spirotheca
Vol. Vol.
0 . 043
1 0.132 1 018
2 0. 188 2 .027
3 0.264 3 .027
4 0.377 4 .029
5 0.547 5 . 057
6 0.774 6 . 094
7 1.076 7 L1126
8 1.454 8 . 103
9 2.002 9 . 142

|

(Mcasurements in millimeters)
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the thicker spirotheca in the outer
volutions where the shell expands more
rapidly.

Chusenella sp. A is somewhat similar
in the general shape and internal
characters of the shell to Chusenella
globularis (GUBLER) (1935, pl. 2, figs. 1.
12; pl. 1, fig. 5) which was discussed by
STEWART (1936). However, Chusenclla
sp. A is more slender in the shell-shape
and has the larger proloculus, the slower
expansion of the shell for the corre-
sponding volution and the heavier axial
filling.

The present specimens agree in some
respects with Chusenella choshiensis
CHISAKA (1960, p. 245, pl. 3, figs. 1-6)
better than any of the known species
belonging to the genus, but more suffici-
ent material is needed for the definite
determination.

Occurrence :—Very rare in the Yabeina
elongata zone of the Yasumoto forma-
tion at Yasumoto (Loc. A52207) on the
Taishaku Plateau.

Concluding Remarks

The general conclusions of this study
are compactly summarized as below.
The Yasumoto formation consisting of

massive limestone contains the Upper
Permian fusulinid fauna which is
characterized by VYabeina multiseptata
multiseptaia, Y. m. shiraiwensis, Y.
minuta, Y. elongata and Chusenella sp.
A, and the formation is defined as the
Yabeina elongata zone.

The Yasumoto fauna containing these
fusulinids is quite unique among the
Upper Permian fusulinid faunas in
Japan. Yabeina multiseptata shiraiwensis
has been well known in the Japanese
Upper Permina and it has played an
important role to advance the regional
and international correlations. }abeina
m. mulliseptata, Y. elongata and Y.
minuta, the last of which was originally
described by THoMPsoN and WHEELER
(1942) from the Marble Canyon Limestone
in British Columbia, were described
from the DBak Limestone and the Phn.
Sampou Limestone of Cambodia (GUBLER,
1935; IsHn & Nocawmi, 1964). Taking
all these facts into consideration, the
Yasumoto fauna, as already discussed
by Sapa (1965). can be correlated with
the Upper Permian fusulinid faunas
which have hitherto been reported from
various localities in the Outer and Inner
Zones of Japan. and it is quite similar
to those of Cambodia.

Explanation of Plate 34
All x10

Figs. 1, 5.
1, 5.
Figs. 3-4.
3. Axial section:

Ly

P

Chusenella sp. A.

[t

Yabeina elongata (GUBLER), 1935.

Axial sections: Rg. No. A52207-1 and A51107-2, respectively. Loc. No. A52207
Yabeina minuta TioMmpson and WHEELER, 1942

Rg. No. A52207-3. Loc. No. A52207

Sagittal section: Rg. No. A32207-15. Loc. No. A52207
(See also Pl. 33. ng. 6)

Axial scction: Rg. No. A52207-8. Loc. No. A32207.

All from the Yasumoto formation of the Taishaku Limestone.

Photos by Kimiyoshi Sapa
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Article

shall call a Special Meeting at the written request of more than one-third of
the members. The request shall be granted only if the written statement fully
explains the reasons for assembly and items for discussion.

19. Members unable to attend the General Meecting may give an attending member

a written statement signed by himself trusting the bearer with the decision
of business matters. Only one attending member may represent one absentee.

Article 20. The decison of the General Meeting shall be by majority vote. When the

Article

\rticle
Article

Article

21

number of votes is equal, the President shall cast the deciding vote.

The President and Councillors shall compose the Council. The dicision of the
General Meeting concerning administration shall be considered and implemented
by the Council.

22. The Executive Council shall carry out the decisions of the Council.
23. The fiscal year of the Society shall begin on the first of January each year and

end on the thirtyfirst of December of the same year.

24. The amendments to the Constitution of the Society shall be decided at the

General Meeting and must be approved by more than two-thirds of those mem-
bers who are in attendance.

Addendum 1) Voting in the Council shall be by unsigned ballot.
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16.

CONSTITUTION
of the
PALAEONTOLOGICAL SOCIETY OF JAPAN

The Society shall be known as the Palaeontological Society of Japan.
The object of the Society is to promote the study and popularization of palaeon-
tology and related sciences.
The Society, to execute Article 2, shall undertake the following business :

1. Issue the Society journal and other publications.

2. Hold or sponsor scientific le6tures and meetings.

3. Popularize the science by field trips, scientific lectures and other projects.

4. Aid and encourage research work; award outstanding contributions to

the Society; carry out the objectives stated in Article 2.

To attain the object of the Society, the Society may, by decision of the General
Meeting, establish within it research committees.
The society shall be composed of members who are active or interested in
palacontology or related sciences.
The members shall be known as Regular Members, Fellows. Patron and Honorary
Members.
Persons desiring membership in the Society are requested to fill out the neces-
sary application forms and receive the approval of the Council.
Fellows are persons who have held Regular Membership in the Society for more
that ten years, have contributed to the science of palaeontology, have been
nominated by five Fellows and approved by the Council.
Patrons are organizations supporting Article 2 and recommended by the Council.
Honorary Members are persons of distinguished achievement in palaeontology.
They shall be recommended by the Council and approved by the General Meeting.
The members of the Society shall be obliged to pay the annual dues stated in
Article 12. Members shall enjoy the privilege of receiving the Society journal
and participating in the activities stated under Article 3.
The rates for annual dues shall be decided by the General Meeting. Rates for
annual dues are: Regular Members. Yen 1,000; Fellows, Yen 1,500: and Foreign
Members, $4.00 ; Patrons are organizations donating more than Yen 10,000 annually ;
Honorary Members are free from obligations.
The budget of the Society shall be from membership dues, donations and be-
stowals.
The Society, by decision of the Council, may expel from membership persons
who have failed to pay the annual dues or those who have disgraced the Society.
The officers of the Society shall be composed of one P’resident and fifteen Coun-
cillors, among whom several shall be Executive Councillors. The term of office
is two years and they may be eligible for re-election without limitation. The
President may appoint several persons who shall be Secretaries and Assistant
Secretaries. An Executive Council shall be nominated and approved by the
Council. Councillors shall be eleclted from Fellows by vote of returned mail
unsigned ballot.
The President shall be a Fellow nominated and approved by the Council. The
President shall represent the Society and supervise the business affairs. The
President may appoint a Vice-President when he is unable to perform his duties.
The Society may have the honarary President. The honorary President shall be
recommended by the council and approved by the General Meeting. The honor-
ary President may participate in the Council.
The Society shall hold regularly one General Meeting a year. The President
shall be Chairman and preside over the administrative affairs. The program
for the General Meeting shall be decided by the Council. The President may
call a special meeting when he deems it necessary. The General Mecting re-
quires the attendance of more than one-tenth of the members. The President
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