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(Abstract)

53 fundamental types of marine molluscan assemblage are reported and described from
the Miocene First Setouchi Series in the eastern part of the Setouchi geologic province,
central Honshu. They reflect past cmmunities to varying degrees, but each represents a
different community. The ecology of modern counterparts or allies of fossil forms is used
in an attempt to interpret the paleoecology of them. Two of these fundamental assemblage
types consist of planktonic mollusks, and they reflect past communities of an epipelagic
environment in warm water regions. The others represent benthic mollusk assemblages,
and include reflections of past communities of various bathymetric positions within a
range of the upper edge of the intertidal zone down to bathyal depth. Fundamental
assemblage types of a very shallow marine environment are very diversified, and
represent diverse physical and chemical conditions in the environment.

Every basic assemblage type has a relatively narrow stratigraphic range within the
First Setouchi Series in the area, occurring in one or two successive facies of the three
minor marine transgressive-regressive facies represented in the standard section of the
Series. A remarkable break in the assemblage types was recognized in a stratigraphic

horizon near the top of the middle minor transgressive-regressive facies.

Introduction

Although there have been published many studies on mollusks from small
isolated remnant patches of the Miocene First Setouchi Series in the eastern part
of the Setouchi geologic province, central Honshu, little has been published on
molluscan assemblage types. IToicawa (1955b) first described molluscan assem-
blages from the Iwamura Group in the Iwamura basin, Gifu Prefecture, and
discussed their paleoecological significance. In 1956 IToicAwA described molluscan
assemblages from the Tsuzuki Group in Ujitawara-cho, Kyoto Prefecture, and
interpreted their paleoecology. IToicaAwa (1960) published a comprehensive study
of molluscan assemblages from the Mizunami Group in the Mizunami basin, Gifu
Prefecture. IToicGAWA (1961) briefly mentioned molluscan assemblages from the
Awa Group in the Awa basin, Mie Prefecture. SHIBATA (1970) includes a
description of molluscan assemblages from the Ichishi Group in the Ichishi basin,
Mie prefecture and a discussion of their paleoecology. ItoicaAwAa and SHIBATA
(1973) described generalized molluscan assemblage types found in the First Setouchi
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Series, and discussed their paleoenvironmental and stratigraphic significances.
Recently, additional information on molluscan assemblages from the Mizunami
Group was given by IToicaAwA (in IToiGAwa, SHIBATA and NIsHIMOTO, 1974) and
OkuMmURA, NisaiMoTo and ItToicawa (1975). More recently, OTsuka, IToicawa and
SHIBATA (1976) published a note on a molluscan assemblage from the Shinano
Formation in Toyota City, Aichi Prefecture, and SHIBATA (1977b) gave a detailed
description of molluscan assemblages from the Morozaki Group on Chita
Peninsula, Aichi Prefecture, and discussed their paleoecology.

In addition to the First Setouchi Series in the areas mentioned above, marine
mollusks are known from the following remnant patches of the Series in the
eastern part of the Setouchi geologic province; the Tomikusa Group in the
Tomikusa basin, Nagano Prefecture, the Ayugawa Group in Tsuchiyama-cho,
Shiga Prefecture, the Suzuka Group in the Seki basin, Mie Prefecture, the
Yamagasu Group in and around Misugi-mura, Mie Prefecture, the Yamabe Group
in Tsuge-mura, Nara Prefecture, the Fujiwara Group in the southern district of
Nara City, Nara Prefecture, the Okazaki Formation in the southern part of
Okazaki City, Aichi Prefecture, the Chikusa Formation in and around Komono-
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Fig. 1. Map showing location of marine mollusk-bearing patches of the First
Setouchi Series in the eastern part of the Setouchi geologic province. 1. Tomikusa
Group 2. Shidara Group 3. Iwamura Group 4. Mizunami Group 5. Shinano Formation
6. Okazaki Formation 7. Morozaki Group 8. Chikusa Formation 9. Ayugawa Group
10. Suzuka Group 11. Ichishi Group 12. Takakura Formation 13. Awa Group 14.
Yamagasu Group 1f. Yamabe Group 16. Tsuzuki Group 17. Fujiwara Group
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cho, Mie Prefecture and the Takakura Formation in Ise City, Mie Prefecture
(Fig. 1). Extensive collecting over the past fifteen years has produced collections
of mollusks from numerous localities in the marine mollusk- bearing remnant
patches in the area. A study of Miocene marine molluscan assemblages has been
made on the basis of such collections and published data on faunal content of
mollusk localities in the remnant patches. It has made clear molluscan assemblages
from the remnant patches not treated in the previous papers, and has yielded a
lot of additional information on them from most of the remnant patches studied
in the previous papers.

This paper describes all fundamental types of marine molluscan assemblage
known from the First Setouchi Series in the eastern part of the Setouchi geologic
province, and attempts to interpret the paleoecology of them. Most species
represented in these basic assemblage types are extinct forms, and only a minor
part of them are referred to living forms, which are found at the present time
in the Japanese Islands and the adjacent areas. The majority of the genera to
which the extinct forms belong, however, have species living today in the above
areas. The ecology of such modern species is used in the attempt to interpret
the paleoecology of the basic assemblage types.

Sampling was made from the roughly vertical surface of a single layer
within an area less than one centiare and a depth less than 1/2 meter at most
localities.
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Geologic setting

Huzita (1962) named the First Setouchi Series for Miocene sedimentary
rocks scattered in the Setouchi geologic province, Southwest Honshu. These
scattered sedimentary rocks have some common stratigraphic features (IKEBE,
1957, Kasama and Huzita, 1957, HuziTa, 1962). The province is divided into two
parts, the eastern and the western part on the basis of an appreciable difference in
the molluscan fauna of the First Setouchi Series (IToiGAwA and SHIBATA, 1973).
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The marine mollusk-bearing small remnant patches of the Series in the
eastern part of the province consist principally of conglomerates, sandstones and
mudstones, and range from 40 to 1200 meters in thickness. Descriptions of the
stratigraphy of individual remnant patches have been given by many workers
including IkEBE (1934), IsHipDA and others (1954), SHikaAMA (1954), SAKAMOTO
(1955), Itoicawa (19553, 1961, 1974), Sunpa and others (1960), Karto (1962),
Arax1 and Kiramura (1963), KiMura, Macoruku and OnisHr (1965), TANAKA
(1967), Sunpa and SHIBATA (1968), SHIBATA (1970, 1977b), Havasur and MIiura
(1973), Otsuka, ItTorcawa and SHIBATA (1976) and SuiBATA and others (1977).
Correlation of these remnant patches is shown in Fig. 2. The First Setouchi
Series in this area ranges from early to middle Miocene in age (IKEBE and
others, 1973).

ICHISHI b
GROUP
BF SUZUKA I\’"
" ui NUBzAN WIZURANI >3 ToMIKuSA
=1 LI GROUP CROUP L2 GROUP
FUJIWARR  TSUZUKI =] chowe |- - ) iy
GROUP GROUP == =
[ T . CHIKUSA [ OKAZAKI B =
= o5l P -] k. Tk 15
—F Ll = o I =
= S E [ SHINANO =
: el [ - . T = -
— L = o 1\ [
YAMABE YAMAGASU = e L el GROUP [ 3
GROUP GROUP [ RN = = \e
o | avusan i - i
5 °.° Dou GRUUP :_4 5[“] m
¢ A SHIDARA
1) VOLCANIG ROCKS 0 ] GROUP
F==] wuostones I“AK"” oo =
[72] sannsTones § =
N o ° =2
525] CONGLOMERATES .,
[ Ay
Onv

Fig. 2. Stratigraphic correlation diagram showing relations of marine mollusca-bearing
strata belonging to the First Setouchi Series in the eastern part of the Setouchi
geologic province.

Analysis of molluscan assemblages

The concept of assemblages used here is that of SuiBata (1970, 1977b), and
recognizes co-occurrence patterns of numerically dominant species. Assemblages
recognized on the basis of collections consisting principally of i»n sif# material
are regarded as fundamental assemblage types. Among assemblages represented
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only in collections which include no or little 7z sifx# material those which are not

referable to such assemblge types or mixtures of two or more of them are also

regarded as fundamental assemblage types.

Shidara Group

Marine molluscs are
fairly common in sedimen-
tary rocks occupying
the lower part of the
Shidara Group in Aichi
Prefecture. SHiBATA and
(1977)

a checklist of molluscan

others includes
species by locality for 76
localities in the Group.
Recently, I examined col-
lections made by Tsuyo-
shi BaBa from more
than 70 localities which
include a number of
localities not described
by SHIBATA and others. As
a result of a community
level analysis of the
collections of SHIBATA
and others and those of
BaBa, 11 basic assemblage
types were recognized.
A checklist of molluscs
by locality for representa-
tive localities of BaBA’s
localities (Fig. 3) is given
in Table 1. The stratigra-
phy of the Group has
been described by KaTo
(1962) and SHiBATA and
others, and need not be
repeated.
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Oiri-gawa

Kamo-gawa

Fig. 3. General location of localities Bl to B15 in the

Shidara Group. For precise locations, see text.

Localities

The location, the lithology and the stratigraphic position are given below for
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each of BaBa’s localities in the checklist. Those of SHiBaATA and others’ localities
can be found in SHIBATA and others (1977).

Locality B1; cutting along the road leading from Kiyosaki to Yoragi, 1000
meters south of Kiyosaki, Horai-cho. Granule size conglomerate of the Kawakado
Formation.

Locality B2; floor of a brooklet 1000 meters south of Kiyosaki, Horai-cho.
Granule size conglomerate of the Kawakado Formation.

Locality BS3; cutting of the road leading from Koshiro to Shiozu, 100 meters
north of Koshiro, Horai-cho. Pebble size conglomerate of the Kawakado Formation.

Locality B4; stream bed of a brook 1000 meters east of Yatsuhashi, Shitara-cho.
Pebble size conglomerate of the Kawakado Formation.

Locality B5; road cutting about 1000 meters east of Hongo, Toei-cho.
Mudstone of the Shimoda Formation.

Locality B6; road cut about 1000 meters south of Okuwa, Tsugu-mura.
Sandstone of the Shimoda Formation.

Locality B7; stonepit 1000 meters northwest of Kadoya, Horai-cho. Mudstone
of the Shimoda Formation.

Locality B8, bank of a brook 1500 meters south of Okuwa, Tsugu-mura.
Pebble size conglomerate of the Shimoda Formation.

Locality B9; stream bed of the brook 300 meters south of Okuwa, Tsugu-
mura. Pebble size conglomerate of the Shimoda Formation.

Locality B10-1; exposure 400 meters southeast of Taguchi, Shitara-cho. Pebble
size conglomerate of the Shimoda Formation. This locality is equivalent to
SHIBATA and others’ locality 31.

Locality B10-2; the same locality as the preceding locality. Mudstone of the
Shimoda Formation.

Locality B11; cliff at Inoshikori, Toyone-mura. Sandstone of the Tsubosawa
Formation.

Locality B12; road cut about 1000 meters southwest of the Niino Pass,
Toyone-mura. Pebble size conglomerate of the Tsubosawa Formation.

Locality B13; road cut 1500 meters west of Makinoshima, Futatsuzawa,
Toyone-mura. Sandstone of the Tsubosawa Formation.

Locality B14; cutting of the road leading from Tsugu to Inabu, 500 meters
southeast of the Mennoki Pass, Tsugu-mura. Pebble size conglomerate of the
Tsubosawa Formation.

Locality B15; exposure about 600 meters southeast of the Mennoki Pass,

Tsugu-mura. Pebble size conglomerate of the Tsubosawa Formation.
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Table 1. Checklist of molluscan

H. SHIBATA

species from the Shidara Group.

= Localities

Species T

B7
B8
B9
B10-2

Acila submirabilis MAKIY AMA

Acila eximia (YOKOYAMA)

Malletia inermis (YOKOYAMA)

Nuculana pennula (YOKOYAMA)

Saccella miensis (ARAKI)

Yoldia sagittaria YOKOYAMA

Yoldia (Cnesterium) ensifera akeyoensis
Arca sp. LITOIGAWA and SHIBATA
Barbatia (Savignyarca) cfr. kubara ITOIGAWA
Porterius sp.

Glycymeris ikebei ITOIGAWA and SHIBATA
Glycymeris minoensis ITOIGAWA
Glycymeris sp.

Mytilus coruscus GOULD

Septifer ? sp.

Polynemamussium sp.

Chlamys cosibensis cfr. hanzawae MASUDA
Chlamys iwamurensis ITOIGAWA

Chlamys (Mimachlamys) sp.

Delectopecten peckhami (GABB)

Amnomia chinensis (PHILIPPI)

Acesta cfr. goliath (SOWERBY)

Limatula sp.

Ostrea denselamellosa LISCHKE

Lucinoma acutilineatum (CONRAD)
Trapezium modiolacforme OYAMA and SAKA
Cyclocardia siogamensis (NOMURA)
Cyclocardia sp.

Papyridea sp.

Pitar sp.

Siratoria siratoriensis (OTUKA)

Callista sp.

Macoma izurensis (YOKOYAMA)

Macoma optiva (YOKOYAMA)

Mya (Arenomya) cfr. cuneiformis (BOHM)
Teredo sp.

Periploma mitsuganoense ARAKI
Fissidentalium sp.

Lacvidentalium sp.

Tugali (Tugalina) cfr. vadososinuata
Tugali sp. 1 (YOKOYAMA)
Tugali sp. 2

Tectura minoensis ITOIGAWA

Serpulorbis sp.

Cirsotrema sp.

Capulus ? sp.

Euspira meisensis MAKIYAMA

Tectonatica ichishiana SHIBATA
Trophonopsis sp.

Amncistrolepis togariensis NARUSE
“Psephaea’ yanagidaniensis (ARAKI)
Musashia ? miensis (ARAKI)

A : more than 25 specimens

R: less than 5 specimens

C : 10-25 specimens

F : 5-10 specimens
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Molluscan assemblages

Basic assemblage types from the Group are described, and the paleoecology
of them is discussed below. The stratigraphic distribution of each type is shown
in Fig. 4.

Crassostrea gigas assemblage

Occurrence : - SHIBATA and others’ locality 12-1.

Shells of Crassostrea gigas (THUNBERG) occur clustered at the above locality.
No associated molluscan species were encountered. The fossil assemblage is
referred to the Crassostrea assemblage (SHIBATA, 1970), which is herein renamed
the Crassostrea gigas assemblage. All individuals are disarticulated, indicating
sedimentary transport of shells and deposition. The modern counterpart of the
species lives adhering to rocks and other subjects, and is common in the
intertidal zone of protected embayments. It has a preference for brackish water.
Miocene Crassostrea gigas may be similar to its modern counterpart in habit and
habitat. This assemblage is considered a transported assemblage. It, however,
seems to consist of shells from a very limited area, and seems to reflect a past
community of protected rocky shores under the influence of low saline water.

Ostrea denselamellosa assemblage

Occurrence : - locality B3.

Shells of Ostrea denselamelliosa LiscHKE occur clumped at the above locality.
All individuals of the species are disarticulated, and the greater part of them are
broken, indicating post mortem transport of shells. Osirea denselamellosa is a
living species of Japonic seas. It is similar to Crassostrea gigas in ecology, but it
has a preference for slightly deeper and high saline water (AMEMIYA, 1928). This
assemblage seems to represent a past community of rocky substrates between
the lower edge of the intertidal zone and 10 meters in sheltered areas like bays
and coves.

Arca assemblage

Occurrence : — localities B1, B12.

Arca sp. collected from these localities seems to be conspecific with Arca sp.
which is the principal component of the typical Arca assemblages from the Iwamura
Group as will be described later. Most of the other molluscs from them are also
distributed in the latter, some of them playing an important role. Shell breakage
is low at both the localities. All shells of hivalves collected from locality B12 are
disarticulated. On the other hand, a minor part of pelecypod shells including
those of Arca sp. and Macoma optiva (YOKOYAMA) occur with their both valves
attached at locality BI1, indicating small scale transport of shells after death
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before burial.

Of the constituent species of these assemblages, three species are positively
identified with living species. They are Mytilus coruscus GouLp, Anomia chinensis
(PuiLipp1) and Ostrea denselamellosa. They all are hard substrate, sessil bivalves.
Modern Mytilus coruscus is most common at depths from the lower edge of the
intertidal zone to 10 meters, and modern Anomia chinensis is most common at
depths less than 5 meters. Living allies of Arca sp., Barbatia cfr. kubara
Itorcawa and Tugali (Tugalina) cfr. vadososinuata (YokovyaMa) live on rocks
and gravels, and most of them are found at depths ranging from high tide mark
to 20 meters (Hico, 1973). On the other hand, some of the constituent species are
considered inhabitants of soft bottoms within a range of the intertidal zone to a
few tens meters, and some are considered soft bottom dwelling eurybathyal
species having a bathymetric range of a few tens to 200 meters or more. Some
of the constituent species are indicators of a protected water environment. Thus,
these assemblages seem to represent mixtures of shells from rocky bottoms and
those from sandy bottoms within a range of high tide level to a few tens meters

in embayments.

Phacosoma kawagensis assemblage

Occurrence : - SHIBATA and others’ locality 12-2.

Phacosoma kawagensis (ARAKI) occurs in high density at the above locality
in association with very sparsely occurring shells of Cyciina japonica KamMADA
and Hiatula minoensis (Yokovama). This assemblage is referred to the Dosinia-
Glycymeris assemblage (SHIBATA, 1970), which is renamed herein the Phacosoma
kawagensis assemblage, on the basis of the predominance of Phacosoma
kawagensis. Shells are mostly whole, and a minor part of them are articulated,
indicating little movement of shells after death. A set of these three species
occurs in numbers of “living assemblages” from the Iwamura Group. This may
indicate that individuals of them originally lived together. According to HABE
(1977) most living species belonging to the genus Phacosoma live on sands
within a range of low tide mark to 30 meters. The genus Cycline has a single
living species. According also to HABE (1977) the living species is found on muds
between high tide mark and 20 meters in very protected embayments. Living
allies of Hiatula minoensis are found on muds or sands in sheltered areas in
warm water regions, and the vertical range of the genus is high tide level to 100
meters (Hico, 1973). This assemblage seems to reflect a past community of a
very protected coastal sandflat environment of intertidal or very shallow subtidal
depth probably less than several meters.

Chama assemblage
Occurrence : - SHIBATA and others’ locality 11.
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The assemblage from this locality is characterized by the abundance of a
small Chama, Chama sp. No articulated shells were encountered. This assemblage
is considered a transported assemblage. All components are hard substrate,

adhering bivalves. Most Japanese living forms in the genus Chama occur between

Formations ) ) high tide mark and 20
Taguchi Kawakado Shimoda Tsubosawa Kuroze
Assemblages o »
- meters, and are distri-
Crassostrea gigas p—
Ostrea denselamellosa P—— buted in warm water
Phacosoma kawagensis et
Chlamys iwamurensis — regions (HIGO, 1973).
Arca ] o
Chama _ The assemblage seems
Macoma-Lucinoma !
saccella — to consist of shells
Conchocele rv—
Malletia-Nuculana — from a protected, very
Acilana
shallow rocky coast

Fig. 4. Diagram showing stratigraphic distribution of andet the inflaence OF

fundamental molluscan assemblages from the Shidara Group.
warm water.

Chlamys iwamurensis assemblage

Occurrence : - SHIBATA and others’ localities 3, 4, 6-10, 13, 16, 18, 67, localities
B4, B15, B16.

This assemblage type is characterized by the predominance of Chlamys
fwamurensis Itoicawa. Typical faunal content is represented by the assemblages
from localities 3 and 8. The collections from localities 4, 6, 7 and 9 consist simply
of the species. Those from localities 10, 13, 16, 18 and 67 consist of a few to
several species including it. Mytilus coruscus, Lucinoma acutilineatum (CONRAD)
and Tugali sp. 1 occur widely in this assemblage type as a minor element.

The collections from localities B14 and B15 consist principally of Chlamydinae.
Chlamys cosibensis cfr. hanzawae MasupaA, which is not present in the typical
assemblages of this type is the most abundant species. Chlamys iwamurensis is
represented in a small number. The assemblages from these localities are
tentatively identified with the present type on the basis of a general resemblance
between them and the typical assemblages in species composition. No articulated
shells were encountered at every locality. All the assemblages of this type are
considered transported assemblages.

According to HaBE (1977) modern Japanese species belonging to Chlamys
lives on sandy muds, sands, gravels or rocks, and the genus has a depth range
of the intertidal zone to the bathyal zone. These data are of little use for an
inference of depths and substrates suited for Chlamys fwamurensis and Chlamys
cosibensis cfr. hanzawae. The subsidiary components of these assemblages are
mostly epifaunal molluscs, and are considered inhabitants of rocks and gravels
at depths from the upper fringe of the intertidal zone down to 20 meters, and a
few are infaunal molluscs, and these species are considered inhabitants of sand
bottoms and very shallow marine waters except one eurybathyal species. The

two fossil species in Chlamys seem to be inhabitants of gravels and rocks or
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sands and very shallow waters probably less than 20 meters deep on the basis of
the paleoecology of the associated species.

Saccella assemblage

Occurrence : - SHIBATA and others’ localities 34, 38.

This type is defined by the predominance of Saccella miensis (ArAKI),and typical
assemblages of it occur in the Iwamura Group as will be described later. Several
species which are absent in the typical Saccella assemblages are represented in
the collections from the above localities. Such species, however, are thought little
of because of their scarcity. Most shells from locality 34 are entire, and a large
part of shells of pelecypods are articulated, indicating no or little movement of
shells after death and before burial. On the other hand, shell breakage is high
and articulated shells are rare at locality 38, indicating greater movement of
shells after death.

Saccella assemblages from the Iwamura Group seem to represent a past
community on fine sands and sandy muds at depths from a few tens to several
tens meters in sheltered areas as will be discussed on a later page. The
assemblage from locality 34 may lived on a fine sand within the above depth range
in an embayment. The assemblage from locality 38 seems to consist of shells
from soft bottoms in a somewhat wider vertical range also in an embayment.

Macoma-Lucinoma assemblage

Occurrence : - SHIBATA and others’ localities 2, 5, 14, 17, 20-25, 28, 29, 31-33,
35, 39, 46, 47, 59, 63, 64.

The fossil assemblages from these localities resemble the typical Macoma-
Lucinoma assemblages from the Ichishi Group (SHIBATA, 1970) in every respect.
Most of them are considered “living assemblages” on the basis of the excellent
preservation of shells. Enclosing sediments of such assemblages are mudstones
and fine-grained sandstones. The present assemblage type has a bathymetric
range of very shallow subtidal depth to 200 meters or more (SHiBATA, 1970). The
Macoma-Lucinoma assemblages from the present Group seem to represent past
assemblages of mollusks which thrived at various depths ranging from very
shallow to deep subtidal depth on the basis of a paleoecological interpretation of
their subordinate components. The fossil assemblage from locality 15 of SHIBATA
and others is regarded as a mixed assemblage consisting of elements of the
Chlamys iwamurensis assemblage and the present assemblage. In addition to the
occurrences mentioned above, this assemblage type is known from numerous
localities in the Shimoda Formation.

Conchocele assemblage

Occurrence : — SHIBATA and others’ locality 21.

Conchocele bisecta (CONRAD) occurs in very high density in association with
very sparsely occurring shells of a few other molluscs. This assemblage is
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compared to the Portlandia-Conchocele assemblages described by SuiBATA (1970)
from the Ichishi Group. These assemblages are herein designated as the Conchocele
assemblage. The greater part of individuals of Conchocele bisecta are articulated.
This is evidence in favor of the idea that shells underwent no or little post
mortem transport.

According to HaBe (1977) modern Conchocele bisecta has a bathymetric range
of 4 to 139 meters. The species occurs in a few Macoma-Lucinoma assemblages
from this Group. Lucinoma acutilineatum, one of the subsidiary components is
distributed widely in both shallow and deep sea assemblage types. Tectonatica
ichishiana SHIBATA, another subsidiary component is usually found in deep sea ones.

It seems likely that this assemblage lived in an offshore considerably deep water.

Malletia-Nuculana assemblage

Occurrence : - SHiBATA and others’ localities 19, 26, 30, 36, 37, 43, 45, 48—58,
60—62, 65, 66, localities B5, B7, B10-2.

This type is defined by the predominance of either Malletia inermis
(Yoxkovama) or Nuculana pennula (Yoxovama). It is typically represented by
fossil content of localities 30 and 66 composed principally of the two species.
Acila eximia (YOKOYAMA), Netlonella ? ovata (TAKEDA) and Lucinoma acutilineatum
occur extensively in assemblages of this type playing a minor role. The fossil
assemblages from localities 51 and 57 consisting principally of Neilonella ? ovata
may fall within variations of this type.

Shell density is low at every locality except a few localities. Articulated
shells were frequently encountered at most localities, indicating burial of shells
at or nearly at their place of life. All constituent species of the assemblages of
this type are extinct species, but subgenera or genera to which they belong
have species living today in the Japanese Islands and the adjacent areas. Their
bathymetric ranges may be of some value for an inference of depths at which
the assemblages thrived. They mostly extend over both the subtidal and the
bathyal zone, but a few are confined to shallow water. The upper limit of a
considerable part of them is 50 meters. It seems likely that these assemblages
lived within a range of several tens meters to outer subtidal depth. The
assumption may be supported by the histogram of depth ranges of all subgenera
or genera represented in the assemblages of this type from the Shidara Group
shown in Fig. 5. The enclosing rock of the present type is mudstone at most of
the collecting localities, indicating its preference for a muddy substrate. Thus,
this assemblage type seems to represent a past community of muds within a
range of several tens meters to a depth near the lower edge of the subtidal zone.

Species characteristic of the Chlamys iwamurensis, the Macoma-Lucinoma and
the Malletia-Nuculana assemblage are represented in the collection from locality
B10-1. The assemblage from this locality is regarded as a mixture of the above

assemblages. Shells of bivalves are mostly disarticulated. A few Nuculana pennula,



36 H. SHIBATA

I___‘— -

Number of subgenera

fidsprgbfarntrs $rofeiip ik o bivi] sapidinss Bl sefls tios
100 200 300 Degth (m)

Fig. 5. Histogram showing modern bathymetric ranges of subgenera
or genera to which constituent species of the Malletia-Nuculana

assemblages from the Shidara Group belong. (Data from HIGO, 1973)

however, are articulated. It is inferred from the state of preservation of shells
that this asssemblage was accumulated in an offshore environment as indicated
by the Malletia-Nuculana assemblage.

Acilana assemblage

Occurrence : - SHIBATA and others’ localities 41, 42, 44, 68-74, 76.

The fossil assemblages from the above localities are referred to the Acilana
assemblage described from the Morozaki Group (SHIBATA, 1977b) on the basis of
the presence of Acilana tokunagai (Yoxovyama) and their characteristic species
content. Shells were found to occur scattered at every locality. Bivalves frequently
occur with their both valves conjoined, indicating no or little transportation of
shells after death. The containing sediment is mudstone at most of the localities.
These assemblages seem to have lived on muds in a deep sea environment
similar to the environment indicated by the assemblages of this type from
the Morozaki Group (SHIBATA, 1977b).

The fossil assemblage from locality 75 of SuiBATA and others is regarded as a
mixed assemblage consisting principally of elements of the Chlamys and the
present assemblage. Shells of bivalves are disarticulated except a few individuals
of Neilonella ? ovala, which indicates a deep sea environment as the site of
deposition for this assemblage.

Iwamura Group
The Iwamura Group in the Iwamura basin, Gifu Prefecture provides numerous

fossiliferous exposures suited for an analysis of molluscan assemblages. ITOIGAWA
(1955b) has reported a molluscan fauna totaling 100 species, and has described
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nine molluscan assemblages. During the course of this study I collected shell
remains from more than 110 localities (Fig. 6). A community level analysis of
them has produced a lot of additional information on molluscan assemblages.
A stratigraphic description of the Group has been given by IToicawa (19552).
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Fig. 6. Index map showing collecting localities in the Iwamura basin. For precise
locations, see text.

Localities

Locality 1; road-cut 200 meters southeast of Kanda, Yamaoka-cho. Mudstone
of the Tsuruoka Mudstone.

Locality 2-1; road side cliff 200 meters east of Nakanishi, Yamaoka-cho.
Fine-grained sandstone of the Maki Siltsone.

Locality 2-2; pebble size conglomerate of the Kubohara Sandstone 3 meters
below the preceding point.

Locality 2-3; pebble size conglomerate of the Kubohara Sandstone 2 meters
below the preceding point.

Locality 3; small exposure 50 meters south of locality 1, Yamaoka-cho.
Medium-grained sandstone of the Tsuruoka Mudstone.

Locality 4; bank of the Iwamura-gawa 550 meters southwest of Iibama
station, Iwamura-cho. Fine-grained sandstone of the Kubohara Sandstone.
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Locality 5; cliff 250 meters northwest of Midorigaoka, Iwamura-cho. Pebble
size conglomerate of the Kubohara Sandstone.

Locality 6; cliff along a rill 300 meters east of Hanashiro station, Yamaoka-
cho. Medium-grained sandstone of the Kubohara Sandstone.

Locality 7; cliff 250 meters southeast of Shimogahora, Yamaoka-cho. Fine-
grained sandstone of the Kubohara Sandstone.

Locality 8; cliff 180 meters east of Shimogahora, Yamaoka-cho. Mudstone
of the Kubohara Sandstone.

Locality 9; cliff 10 meters northeast of locality 5, Iwamura-cho. Medium-
grained sandstone of the Kubohara Sandstone.

Locality 10-1; cliff 500 meters northeast of Shimogahora, Yamaoka-cho. Fine-
grained sandstone of the Maki Siltstone.

Locality 10-2; pebble size conglomerate of the Kubohara Sandstone 0.2 meter
below the preceding point.

Locality 11; cliff 10 meters south of the preceding locality, Yamaoka-cho.
Pebble size conglomerate of the Kubohara Sandstone.

Locality 12; cliff along the road leading from Agi to Hirooka about 1700
meters east of Agi, Nakatsugawa City. Coarse-grained sandstone of the Kubohara
Sandstone.

Locality 13; cliff along a brooklet 80 meters east of Hachiyato, Nakatsugawa
City. Medium-grained sandstone of the Kubohara Sandstone.

Locality 14; cliff 350 meters south of Midorigaoka, Iwamura-cho. Mudstone of
the Kubohara Sandstone.

Locality 15; cliff 130 meters south of Midorigaoka, Iwamura-cho. Medium-
grained sandstone of the Kubohara Sandstone.

Locality 16; cliff along the rill 80 meters south of locality 6, Yamaoko-cho.
Medium-grained sandstone of the Kubohara Sandstone.

Locality 17; road-cut 500 meters north of Agi, Nakatsugawa City. Fine-
grained sandstone of the Kubohara Sandstone.

Locality 18-1; cliff 15 meters southwest of locality 13, Nakatsugawa City.
Fine-grained sandstone of the Maki Siltstone.

Locality 18-2; fine-grained sandstone of the Maki Siltstone 3 meters below
the preceding point.

Locality 18-3; medium-grained sandstone of the Kubohara Sandstone 2 meters
below the preceding point.

Locality 18-4; mudstone of the Kubohara Sandstone 3 meters below the
preceding point.

Locality 19; road-cut 400 meters south of Iwamura station, Iwamura-cho.
Pebble size conglomerate of the Kubohara Sandstone.

Locality 20; cliff 250 meters southeast of Midorigaoka, Iwamura-cho. Mudstone

of the Kubohara Sandstone.
Locality 21-1; cliff along a brooklet 50 meters south of the preceding locality,
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Iwamura-cho. Medium-grained sandstone of the Maki Siltstone.

Locality 21-2; medium-grained sandstone of the Kubohara Sandstone 3 meters
below the preceding point.

Locality 22; cliff 170 meters southeast of Midorigaoka, Iwamura-cho. Medium-
grained sandstone of the Kubohara Sandstone.

Locality 23-1; cliff 60 meters south of the preceding locality, Iwamura-cho.
Medium-grained sandstone of the Kubohara Sandstone.

Locality 23-2; medium-grained sandstone of the Kubohara Sandstone 0.5 meter
below the preceding point.

Locality 24, cliff along a brooklet 250 meters south of Midorigaoka, Iwamura-
cho. Medium-grained sandstone of the Kubohara Sandstone.

Locality 25; cutting along the railroad approximately 1500 meters southwest
of Iwamura station, Iwamura-cho. Medium-grained sandstone of the Kubohara
Sandstone.

Locality 26; cliff 10 meters southwest of locality 15, Iwamura-cho. Medium-
grained sandstone of the Kubohara Sandstone.

Locality 27; cliff 130 meters east of locality 2, Yamaoka-cho. Mudstone of the
Kubohara Sandstone.

Locality 28; stream bed of the brooklet 15 meters west of locality 21,
Iwamura-cho. Medium-grained sandstone of the Kubohara Sandstone.

Locality 29; cliff 3 meters southwest of locality 15, Iwamura-cho. Medium-
grained sandstone of the Kubohara Sandstone.

Locality 30; cliff 4 meters southwest of the preceding locality, Iwamura-cho.
Medium-grained sandstone of the Kubohara Sandstone.

Locality 31; road-cut 500 meters south of Hanashiro station, Yamaoka-cho.
Medium-grained sandstone of the Kubohara Sandstone.

Locality 32; Exposure at Hachiyato, Nakatsugawa City. Limestone of the
Kubohara Sandstone.

Locality 33; cliff beside a road at Kamigiri, Iwamura-cho. Limestone of the
Kubohara Sandstone.

Locality 34; Cliff along a brooklet 250 meters south of Kamigiri, Iwamura-cho.
Medium-grained sandstone of the Kubohara Sandstone.

Locality 35; Cliff beside the road running from Kamigiri to Nakanishi 200
meters southwest of Kamigiri, Iwamura-cho. Medium-grained sandstone of the
Maki Siltstone.

Locality 36; road-cut 250 meters east of Nakanishi, Yamaoka-cho. Fine-grained
sandstone of the Maki Siltstone.

Locality 37; cliff along a branch of the Ori-gawa 250 meters north of
Higashihora, Yamaoka-cho. Coarse-grained sandstone of the Higashihora Sandstone.

Locality 38; exposure beside the road leading from Agi to Hirooka 35 meters
east of locality 12, Nakatsugawa City. Mudstone of the Maki Siltstone.

Locality 39; Cliff 500 meters southwest of Agi station, Nakatsugawa City.
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Fine-grained sandstone of the Maki Siltstone.

Locality 40; Cliff 250 meters south of Hachiyato, Nakatsugawa City. Fine-
grained sandstone of the Maki Siltstone.

Locality 41; cliff 150 meters south of the preceding locality, Nakatsugawa
City. Fine-grained sandstone of the Maki Siltstone.

Locality 42; cliff beside the road leading from Iwamura to Tomita 1400
meters northeast of Iwamura station, Iwamura-cho. Fine-grained sandstone of the
Maki Siltstone.

Locality 43; cliff 100 meters northwest of the preceding locality, Iwamura-cho.
Fine-grained sandstone of the Maki Siltstone.

Locality 44; cliff 380 meters northeast of Iwamura station. Iwamura-cho. Fine-
grained sandstone of the Maki Siltstone.

Locality 45; bank of the Iibama-gawa 320 meters southeast of Nenoue,
Iwamura-cho. Fine-grained sandstone of the Maki Siltstone.

Locality 46; bank of the Iibama-gawa 60 meters west of the preceding
locality, Iwamura-cho. Fine-grained sandstone of the Maki Siltstone.

Locality 47; bank of the Iibama-gawa 30 meters west of the preceding locality,
Iwamura-cho. Mudstone of the Maki Siltstone.

Locality 48; cliff along the brooklet 230 meters southeast of Kamigiri,
Iwamura-cho. Medium-grained sandstone of the Maki Siltstone.

Locality 49; cutting of the road leading from Kamigiri to Nakanishi 350
meters west of Kamigiri, Iwamura-cho. Fine-grained sandstone of the Maki
Siltstone.

Locality 50; road-cut at the entrance of the Iibama Tunnel 600 meters west of
Kamigiri, Iwamura-cho. Fine-grained sandstone of the Maki Siltstone.

Locality 51; small exposure 100 meters east of locality 27, Yamaoka-cho.
Mudstone of the Maki Siltstone.

Locality 52; cliff 250 meters south of Nakata, Yamaoka-cho. Mudstone of the
Maki Siltstone.

Locality 53-1; cliff 10 meters southeast of locality 2, Yamaoka-cho. Mudstone
of the Maki Siltstone.

Locality 53-2; pebble size conglomerate of the Maki Siltstone 2 meters below
the preceding point.

Locality 54; cliff 240 metets east of Nakanishi, Yamaoka-cho. Mudstone of
the Maki Siltstone.

Locality 55; road-cut 10 meters south of the preceding locality, Yamaoka-cho.
Fine-grained sandstone of the Maki Siltstone.

Locality 56; cliff along a rill 350 meters southeast of Nakanishi, Yamaoka-cho.
Fine-grained sandstone of the Maki Siltstone.

Locality 57; cliff along the rill 25 meters west of the preceding locality,
Yamaoka-cho. Mudstone of the Maki Siltstone.

Locality 58; cliff along the rill 25 meters west of the preceding locality,



Molluscan Paleoecology of the Miocene First Setouchi Series 41

Yamaoka-cho. Mudstone of the Maki Siltstone.

Locality 59; road-cut 450 meters southeast of Nakanishi, Yamaoka-cho.
Mudstone of the Maki Siltstone.

Locality 60; road-cut 150 meters southwest of the preceding locality,
Yamaoka-cho. Fine-grained sandstone of the Maki Siltstone.

Locality 61; road-cut 100 meters southwest of the preceding locality,
Yamaoka-cho. Fine-grained sandstone of the Maki Siltstone.

Locality 62; road-cut 50 meters south of the preceding locality, Yamaoka-cho.
Fine-grained sandstone of the Maki Siltstone.

Locality 63; cliff 80 meters east of locality 11, Yamaoka-cho. Fine-grained
sandstone of the Maki Siltstone.

Locality 64; cliff 200 meters southwest of Shimogahora, Yamaoka-cho. Fine-
grained sandstone of the Maki Siltstone.

Locality 65; small exposure 750 meters southeast of Iwamura station,
Iwamura-cho. Mudstone of the Maki Siltstone.

Locality 66; cliff 500 meters east of Yamaoka station, Yamaoka-cho. Fine-
grained sandstone of the Maki Siltstone.

Locality 67; cliff 200 meters south of the preceding locality, Yamaoka-cho.
Fine-grained sandstone of the Maki Siltstone.

Locality 68; exposure 350 meters south of Yamaoka station, Yamaoka-cho.
Fine-grained sandstone of the Maki Siltstone.

Locality 69; exposure 30 meters north of the preceding locality, Yamaoka-cho.
Fine-grained sandstone of the Maki Siltstone.

Locality 70; exposure 750 meters south of Yamaoka station, Yamaoka-cho.
Mudstone of the Maki Siltstone.

Locality 71; road-cut 600 meters south of Yamaoka station, Maki, Yamaoka-
cho. Mudstone of the Maki Siltstone.

Locality 72; cliff 300 meters south of the preceding locality, Maki, Yamaoka-
cho. Mudstone of the Maki Siltstone.

Locality 73; cliff 50 meters north of the preceding locality, Yamaoka-cho.
Mudstone of the Maki Siltstone.

Locality 74; cliff 40 meters north of the preceding locality, Yamaoka-cho.
Mudstone of the Maki Siltstone.

Locality 75; road-cut 100 meters south of locality 68, Yamaoka-cho. Fine-
grained sandstone of the Maki Siltstone.

Locality 76; cliff 250 meters north of locality 70, Yamaoka-cho. Fine-grained
sandstone of the Maki Siltstone.

Locality 77; exposure 80 meters south of locality 71, Yamaoka-cho. Mudstone
of the Maki Siltstone.

Locality 78; cliff 750 meters southwest of Yamaoka station, Yamaoka-cho.
Fine-grained sandstone of the Maki Siltstone.

Locality 79; stream bed of a rill 3 meters south of the preceding locality,
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Yamaoka-cho. Fine-grained sandstone of the Maki Siltstone.

Locality 80; cliff 100 meters southeast of Yamaoka lower secondary school,
Yamaoka-cho. Mudstone of the Maki Siltstone.

Locality 81; small exposure 380 meters north of Hasama, Yamaoka-cho.
Fine-grained sandstone of the Maki Siltstone.

Locality 82; small exposure 100 meters west of the preceding locality,
Yamaoka-cho. Mudstone of the Maki Siltstone. i

Locality 83; road-cut 150 meters north of Hasama, Yamaoka-cho. Fine-grained
sandstone of the Maki Siltstone.

Locality 84; bank of a rill 500 meters northwest of Hasama, Yamaoka-cho.
Mudstone of the Maki Siltstone.

Locality 85; road-cut at Oritachi, Yamaoka-cho. Fine-grained sandstone of the
Maki Siltstone.

Locality 86; road-cut 12 meters north of locality 1, Yamaoka-cho. Fine-grained
sandstone of the Higashihora Sandstone.

Locality 87; small exposure 80 meters southwest of locality 3, Yamaoka-cho.
Mudstone of the Higashihora Sandstone.

Locality 88; road side cliff 100 meters southeast of the preceding locality,
Yamaoka-cho. Fine-grained sandstone of the Higashihora Sandstone.

Locality 89; road side cliff 20 meters south of the preceding locality,
Yamaoka-cho. Mudstone of the Higashihora Sandstone.

Locality 90; road-cut 50 meters south of the preceding locality, Yamaoka-cho.
Mudstone of the Higashihora Sandstone.

Locality 91; road-cut 35 meters south of the preceding locality, Yamaoka-cho.
Fine-grained sandstone of the Higashihora Sandstone.

Locality 92; road-cut 10 meters south of the preceding locality, Yamaoka-cho.
Medium-grained sandstone of the Higashihora Sandstone.

Locality 93; bank of a rill 100 meters south of locality 87, Yamaoka-cho.
Medium-grained sandstone of the Higashihora Sandstone.

Locality 94-1; cliff along the brooklet 10 meters south of locality 37,
Yamaoka-cho. Fine-grained sandstone of the Higashihora Sandstone.

Locality 94-2; Fine-grained sandstone of the Higashihora Sandstone 3 meters
below the preceding point.

Locality 95; exposure 150 meters southwest of locality 1, Yamaoka-cho.
Medium-grained sandstone of the Higashihora Sandstone.

Locality 96; road-cut 3 meters south of locality 86, Yamaoka-cho, Mudstone
of the Higashihora Sandstone.

Locality 97; small exposure 500 meters south of Inoue, Nakatsugawa City.
Mudstone of the Maki Siltstone.

Locality 98; cliff 250 meters southeast of Kurohane, Yamaoka-cho. Mudstone
of the Maki Siltstone.

Locality 99, road-cut along the road leading from Yamaoka to Akechi 200



Molluscan Paleoecology of the Miocene First Setouchi Series 43

meters south of Kurohane, Yamaoka-cho. Mudstone of the Maki Siltstone.

Locality 100; road-cut 70 meters south of locality 85, Yamaoka-cho. Mudstone
of the Maki Siltstone.

Locality 101; cliff 50 meters south of locality 70, Yamaoka-cho. Mudstone of
the Maki Siltstone.

Locality 102; cliff along a brooklet 120 meters east of locality 85, Yamaoka-
cho. Fine-grained sandstone of the Maki Siltstone.

Locality 103; road-cutting along the road running from Hachiyato to Shimogiri
450 meters southwest of Hachiyato, Nakatsugawa City. Mudstone of the Maki
Siltstone.

Locality 104; bank of the Fudo-gawa 50 meters south of Dota, Nakatsugawa
City. Mudstone of the Maki Siltstone.

Locality 105; cliff 250 meters south of Dota, Nakatsugawa City. Mudstone
of the Maki Siltstone.

Locality 106; cutting of the road leading from Iwamura to Agi 1000 meters
southwest of Dota, Iwamura-cho. Shale of the Ryodenji Alternation.

Locality 107; road-cut 300 meters northeast of Iwamura primary school,
Iwamura-cho. Fine-grained sandstone of the Ryodenji Alternation.

Locality 108; road-cut behind Iwamura high school, Iwamura-cho. Fine-grained
sandstone of the Ryodenji Alternation.

Locality 109; road-cut 30 meters west of locality 103, Nakatsugawa City.
Mudstone of the Maki Siltstone.

Locality 110; road-cut 350 meters north of Todoroki, Yamaoka-cho. Mudstone
of the Maki Siltstone.

Locality 111; road-cut 60 meters northeast of the shrine at Todoroki,
Yamaoka-cho. Mudstone of the Maki Siltstone.

Locality 112; stream bed of the Fudo-gawa 50 meters east of Ryodenji,
Nakatsugawa City. Mudstone of the Ryodenji Alternation.

Locality 113; stream bed of the Fudo-gawa 15 meters southeast of the
preceding locality, Nakatsugawa City. Mudstone of the Ryodenji Alternation.

Locality 114; stream bed of the Fudo-gawa 20 meters southeast of the
preceding locality, Nakatsugawa City. Mudstone of the Ryodenji Alternation.

Locality 115; road-cut 10 meters north of locality 106, Iwamura-cho. Shale of
the Ryodenji Alternation.

Molluscan assemblages

14 fundamental assemblages were recognized in collections from this Group.
The stratigraphic distribution of them is shown in Fig. 7. The assemblases
described by Itorcawa (1955b) generally correspond to compounds of two or
three of these assemblages.
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Cyclina-Vicarya assemblage

Occurrence : - locality 1.

7 species have been recovered from the above locality. They are as follows;
Trapezium modiolacforme Ovama and Saka, Phacosoma kawagensis, Cyclina
Japonica, Hiatula minoensis, Vicarva yokoyamai TAKEYAMA, Proclava kaneharai
(Huzita and Ocosk) and Chicoreus tiganouranus (NoMURA). Cyclina japonica and
Vicarya yokoyamai are fairly plentiful, but the other species occur in small
numbers. The assemblage from this locality is characterized by the abundance of
the two species. This type corresponds to the Vicarya-Cyclina assemblage of
IToicawa (1955h).

The majority of shells are entire, showing no evidence of abrasion after
death, and shells of bivalves are mostly articulated. The mode of preservation of
shells appears to indicate that they were buried at the place where they lived.
The favorable sediment types of modern allies of Cyclina japonica, Phacosoma
kawagensis and Hiatula minoensis as mentioned earlier and of Proclava kancharai
as mentioned below roughly agree with the lithology of the enclosing sediment,
and this situation may support the above assumption concerning their individuals.
However, it seems likely that individuals of Trapezium modiolaeforme and
Chicoreus tiganouranus were introduced into the point of burial after death on
the basis of the apparent disagreement between the grain size of the containing
sediment and the favorable sediment type of modern allies of the two species as
stated below, but they may have lived close by the point of burial.

Living allies of Trapezium modiolaeforme live on rocks and gravels in the
intertidal zone (Hico, 1973). Related living forms of Proclava kancharai are
encountered on sandy muds at depths from the upper edge of the intertidal zone
to 20 meters, and those of Chicoreus tiganouranus live on rocks at similar depths.
Most of the modern allies of these speciés are confined to warm water regions
(Hico, 1973). The genus Vicarya has no species living at the present time. The
principal part of this assemblage seem to represent a past community of intertidal

muds in estuaries in warm water regions.

Cyclina-Vicaryella ishiiana assemblage

Occurrence : - localities 2-3, 3.

Locality 2-3 has yielded a typical assemblage of this type. Shells occur in
fair abundance there, being represented mostly by Cycine japonica, Vicaryella
ishitana (YokovyAMA) and Proclava kancharai and sparsely by Phacosoma
kawagensis, Hiatula wminoensis and Batillaria wmizunamiensis ItoicAwA. This
assemblage resembles the preceding assemblage, but can be distinguished from
the latter by the considerable abundance of Viearyella ishiiana and the absence
of Vicarya yokoyamai. The following species occur sparsely at locality 3;
Phacosoma kawagensis, Cyclina japonica, Siratoria siratoriensis (OTUKA), Nippono-
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marcia nakamural TKEBE, Hiatula minoensis, Cultellus izumoensis (YOKOYAMA),
Vicaryella ishiiana, Proclava kaneharai and Siphonalia cfr. minute ITOIGAWA.
The fossil assemblage from this locality is referred to the present type. Several
articulated shells of Cyclina japorica were found at locality 2-3, and a few
articulated individuals of Phacosoma kawagensis and Hiatwla minoensis were
collected at locality 3. Shell breakage is low at both the localities. The state of
preservation of shells mentioned above indicates that they underwent little
movement after death. Thus, these assemblages may reflect past life communities
to some degree. The genus Vicaryella has no species living today. ishiZana occurs
in association with Vicarya yokoyamai at a few localities in the Mizunami Group,
indicating the similarity of them in ecology. The assemblage from locality 2-3
seems to consist of shells which lived on an intertidal mud in an estuary similar
to the environment indicated by the Cyclina-Vicarya assemblage from locality 1.
The assemblage from locality 3 seems to include inhaibitants of a protected
coastal environment of very shallow subtidal depth in addition to those of an

estuarine environment.

Cyclina assemblage

Occurrence : - localities 4—8.

Cyclina japonica occurs scattered at the above localities. Associated with the
species Trapezium modiolaeforme, Phacosoma kawagensis and Hiatula minoensis
occur sparsely at most of them, and Barbatia kubara is found to occur rarely
at one of them. The assemblages from these localities are referred to the Cyclina
assemblage (SHIBATA, 1970) on the basis of the predominance of Cyclina japonica.
Articulated shells were frequently encountered at every locality, indicating no or
little transportation of shells after death. They seem to represent a past

community of intertidal muds in an estuarine environment.

Batillaria mizunamiensis assemblage

Occurrence : - locality 9.

Shell remains occur in fairly high density at the above locality, being
represented mostly by individuals of Batillaria mizunamiensis ITOIGAWA and
sparsely by Saxolucina (Megaxinus) khataii (OTUKA), Nipponomarcia nakamurai,
Moerella sp., Proclava kaneharai, Proclava otukai (NoMuRA), Euspira meisensis
Maxkrvama and Phos minoensis ItoiGAwAa. A part of shells are broken, and those
of bivalves are disarticulated except several individuals of Moerella sp. The
assemblage from this locality is considered “a death assemblage” on the basis of
the state of preservation of shells. Some of the constituent species including the
principal component are considered inhabitants of intertidal sands or muds in
estuaries or very sheltered embayments. Others are considered inhabitants of
sands or muds in a protected coastal environment of intertidal or very shallow
subtidal depth.
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Barbatia assemblage

Occurrence : - localities 2-2, 10-2.

Locality 2-2 shows high shell densitv and high species diversity. Barbatia
kubara, Anomia chinensis, Chamea sp., Zirfaca subconstvicta (Yoxoyama), Proclava
kaneharai, Calyptraeca tubura O1Tuka and Crepidula jimboana YOKOYAMA constitute
a major part of the assemblage. Barbatia kubare is the most abundant species.
Mytilus coruscus, Lithophaga (Leiosolenus) rechifora Itoicawa, Ostrea sp., Pillucina
(Wallucina) habei Itoicawa, Phacosoma kawagensis, Nipponomarcia nakamurai,
Lunella kurodai Itoicawa, Homalopoma ena (IToicawa) and Phos minoensis are
among sparsely occurring species. Both shell density and species diversity are
lower at locality 10-2. Species content is as follows; Barbatia kubara, Anomia
chinensis, Pillucina (Sydlorina) yokoyamai (OTukA), Siratoria sivatoriensis,
Nipponomarcia nakamurai, Solen sp., Zirfaea subconstricta, Batillaria mizunamiensis,
Vicaryella ishiiana, Proclava kaneharai, Euspira meisensis and Chicoreus tigano-
uranus. Barbatia kubara is the most abundant species. Pillucina (Sydlorina)
yokoyamai and Preclava kaneharai are the second and third most common
species, respectively. The assemblges from these localities are characterized by the
predominance of Barbatia kubara, and seem to correspond to the Barbatia-Zirfaea-
Cerithium assemblage of ItoicAwa (1955b) and the Barbatia-Calyptraea assemblage
of SHIBATA (1970). The Barbatia assemblage is herein proposed for these
assemblages.

The greater part ot shells are whole and are not worn or abraded at both
the localities. Barbatia kubara, Lithophaga (Leiosolenus) vechifora and Zirfaea
subconstricta occur frequently with their both valves attached at locality 2-2. This
is indicative of little movement of shells after death. On the other hand,
articulated shells are rare at locality 10-2, indicating greater movement of shells
after death. All constituent species of the assemblage from locality 2-2 are
inhabitants of a protected marine environment of intertidal or very shallow
subtidal depth. As to their mode of life and favorable substrate, however, they
are diversified, grouped as follows; rocky or gravelly substrate, sessil forms such
as Barbatia kubara, Mytilus coruscus, Anomia chinensis, Ostrea sp., Chama sp.,
Calyptraea tubura and Crepidula jimboana; rocky or gravelly substrate, crawling
species, Lunella kurodai and Homalopoma ena; hard substrate, boring forms,
Lithophaga (Leiosolenus) rechifora and Zirfaea subconstricta;, soft substrate,
crawling forms, Proclavae kancharai and Phos minoensis and soft substrate,
burrowing forms, Pillucina (Wallucina) habei, Phacosoma kawagensis and
Nipponomarcia nakamurai. Thus, the assemblage seems to be a mixture of shells
from rocky substrates at depths from high tide mark to several meters in a
protected coastal environment and those from soft bottoms in the neighbourhood.
Shells from the former are predominant. The assemblage from locality 10-2 seems

to consist of shells from similar environments, The individual number of rocky
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or gravelly bottom dwelling forms is roughly equal to that of finer bottom
dwelling forms.

Nipponomarcia assemblage
Occurrence : - localities 17, 18-4, 19 20, 21-2, 22, 23-1, 24—27.

Nipponomarcia nakamurai is extremely predominant at all the localities, usually
occurring in a cluster. Faunal content of localities 18-4, 20 and 26 is given in
Table 2. Shells are mostly entire and not worn or abraded at every locality, but
no articulated shells were encountered at most of the localities. At locality 18-4,
however, articulated shells of Nipponomarcia nakamurai were frequently found.
The enclosing sediment is mudstone at this locality. There is some possibility
that shells at the locality were deposited at their place of life, but shells at the
other localities seem to have been subjected to post mortem transport. The
paleoecology of Nipponomarcia nakamurai cannot be inferred from the ecology
of modern species in the same genus because the genus is an extinct one. The
majority of the associated forms of the species from these localities are inhabitants
of a protected coastal environment of intertidal cr very shallow subtidal depth.
This situation indicates that the species is an inhabitant of such an environment.
It may have a preference for a muddy substrate. This is suggested by the
lithofacies of locality 18-4 where articulated individuals of the species occur
frequently. It may be supported by the fact that the occurrence of articulated
shells of the species is also restricted to muddy sediments in the Ayugawa Group
as will be noted later. Thus, the Nipponomarcia assemblage seems to reflect a
past community of a protected coastal mudflat environment of intertidal or very
shallow subtidal depth.

Table 2. Checklist of molluscan species from localities 15, 16, 18—4, 20, 23-2,
26 and 28 to 31 in the Iwamura Group.

Localities | gk X

Species . S S 8 8§ 8 8 8 B
Glycymeris minoensis ITOIGAWA Ll
Lucinoma acutilincatum (CONRAD) - . I =
Pillucina (Wallucina) habei ITOIGAWA = = R = ZANHATIEES sl @
Phacosoma nomurai (OTUKA) = mei] pEtiiletes -SSR p
Nipponomarcia nakamurai IKEBE R — A A R A A A A F
Siratoria siratoriensis (OTUKA) Bx RE[—gidael je heemps BOCR
Mactra sp. [ eyl = [gmiret @i viilgn=l pid
Solen  sp. R ol e—anen s, 2o e rRaw i
Protorotella depressa MAKIYAMA BellE s s Ror=— 16 rilCr slessiC
Phos minoensis ITOIGAWA e g PR e o = R —
“Tritia” hongoensis (ITOIGAWA) - - - - — — — — R

A : more than 25 specimens C : 10-25 specimens

F : 5-10 specimens R : less than 5 specimens
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Protorotella depressa assemblage

Occurrence : - localities 15, 16.

This type is characterized by extreme dominance of Protorotella depressa
Maxkivama. Faunal content of the above localities is given in Table 2. Protorotella
is an extinct genus, having no closely allied living species. The species seems
to be an inhabitant of a protected coastal environment of intertidal or very
shallow subtidal depth similar to the environment indicated by Nipponomarcia
nakamurai on the basis of the frequent co-occurrence of the two speces as
mentioned below. It, however, seems to differ from Nipponomarcia nakamurai in
sedimentary preference ; the lithology of the above localities suggests that it has
a preference for a sand bottom. Both Nipponomarcia nakamurai and Protorotella
depressa occur in high density at localities 28 to 31 (Table 2). The assemblages
from these localities are regarded as mixed assemblages consisting of elements
of the Nipponomarcia and the present assemblage.

Phacosoma kawagensis assemblage

Occurrence : - localities 12—14-

Phacosoma kawagensis occurs scattered at these localities. Associated with
the species Sirvatoria sivatoriensis and Nipponomarcia nakamurai sparsely occur
at locality 13 and locality 14, respectively. The assemblages from these localities
are referred to the Phacosoma kawagensis assemblage. A considerable part of
individuals of Phacosoma kawagensis occur with their both valves conjoined at
each locality, indicating no or little post mortem transport. These assemblages
seem to represent past assemblages of molluscs within the ranges of environmental
conditions indicated by the assemblage of this type from the Shidara Group.
Locality 11 has yielded diversified taxa of mollusks. Phacosema kawagensis is the
most abundant species. Saccella miensis and Barbara kubara are the second most
common. The assemblage from this locality is regarded as a mixture of the

Barbatia, the Saccella and the present assemblage.

Arca assemblage

Occurrence : - localities 18-3, 32—36.

Arca sp. which resembles Arca boucardi JousseAUME, a living species of Japan
occurs clumped at locality 18-3 without associated mollusks. The assemblage from
this locality is typical of the present assemblage type. Shells occur densely at
localities 32 to 35. Species which play an important role at each locality are as
follows : locality 32, Arca sp., Septifer (Mytilisepta) agiensis IToicawA, Mercenaria
sp. and Calyptraea tubura, locality 33, Arca sp., Glycymeris minoensis ITOIGAWA,
Septifer (Mytilisepta) agiensis, Chlamys iwamurensis, Cyclocardia siogamensis
(NomURA), Phacosoma momurai (OTUkA), Liocyma minuta Nomura and ZINBO,
Turritella sagai Koraka and Crepidula jimboana, Locality 34, Saccella miensis,
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Arca sp., Phacosoma nomurai, Cultellus izumoensis and Euspira meisensis and
locality 35, Arca sp., Phacosoma nomurai and FEuspira meisensis. Avca sp. is
predominant at most of these localities. At locality 36 Arca sp. occurs sparsely in
association with rarely occurring shells of Solamen fornicatum (Yoxkovama) and
Phacosoma nomurai. The assemblages from these localities are referred to the
present type. All or most of shells of bivalves are disarticulated at every locality,
indicating sedimentary transport of shells and deposition.

Living species of the genus Arcae thrive adhering to rocks and gravels, and
according to Hico (1973) they are found in water less than 20 meters deep.
Miocene Arca sp. may be similar to them in habit and habitat. Some of
associated species of Arca sp. from localities 32 to 35 are inhabitants of hard
substrates and a protected very shallow marine environment, and others are
those of soft substrates in the same environment. Associated forms from locality 36
are inhabitants of soft substrates and embayed water. The depth range covered
by these associated forms is similar to the range represented by the associated
species of Barbatia kubara from localities 2-2 and 10-2. However, species confined
to intertidal depth are small in numbers of both species and individuals, and
inhabitants of subtidal depths are considerably large in both the species and
individual numbers at localities 32 to 35 in comparison with at localities 2-2
and 10-2. This situation may indicate that Arca sp. lived at somewhat greater
depths than Barbatia kubara; a range from the lower fringe of the intertidal
zone to 10 or 20 meters may be favorable to the species.

Felaniella assemblage

Occurrence : - locality 37.

A dense aggregation of shells occurs at this locality. Felaniella usta (GouLp)
is the principal component of it. The principal subordinate components are as
follows; Glycymeris minoensis IToicAWA, Phacosoma nomurai, Turritella sagai and
Euspiva meisensis. The assemblage is referred to the Felaniella assemblage
(SHIBATA, 1970) on the basis of the predominance of Felaniella usta. A large part
of shells of pelecypods are disarticulated, but a considerable part of individuals
of Felaniella usta and Phacosoma nomurai are articulated. This indicates that
the assemblage is “a death assemblage” which is composed of shells subjected to
a small amount of post mortem disturbance.

The modern counterpart of Felanietla usta lives on fine sands between 10

and 50 meters in cold water regions (HABE, 1977). The present assemblage is
known from many localities in the eastern part of the Setouchi geologic province
in addition to this locality. It regularly occurs at the same stratigraphic levels as
the Phacosoma nomurai assemblage which will be described later or just above
it and just below the Saccella assemblage in transgressive deposits. It seems
likely that Miocene Felaniella usta lived within a range of the lower limit of the
depth range of the Phacosoma nomurai assemblage to the upper limit of that of
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the Saccella assemblage, that is, 10 to 20 or 30 meters on the basis of the
stratigraphic relationship of the present assemblage to the Phacosoma nomurai
and the Saccella assemblage mentioned above. The species seems to have a
preference for a sand substrate on the basis of the fact that the present
assemblage is usually contained in sandstones. Further, it seems to have lived in
warm water as pointed out by SHIBATA (1970) on the basis of the fact that
indicators of a warm water environment are represented in associated mollusks
at most of such localities. The sedimentary preference and the bathymetric
range of Miocene Felaniella usta seem not to disagree with those of its modern
counterpart. The former, however, seems to differ from the latter in preference

" as to water temperature. This assemblage seems to reflect a past community of
sands at depths from 10 to 20 or 30 meters in protected marine embayments in
warm water regions.

Saccella assemblage

Occurrence : - localities 2-1, 10-1, 18-1, 18-2, 21-1, 38—94-1-

This assemblage type is defined by the predominance of Saccella miensis.
Patinopecten egregius (IToicawa), Cyclocardia siogamensis, Lucinoma acutilineatum,
Cultellus izumoensis and Laevidentalium ? sp. occur extensively in assemblages
of this type as a principal subordinate element. The present assemblage occurs
at numerous localities in the Maki Siltstone. Faunal content of representative
localities is given in Table 3. Articulated shells were frequently encountered at
most of the localities. Of such localities, locality 68 shows the most excellent
state of preservation of shells. The fossil assemblage from this locality is
considered “a living assemblage”, and represents generalized faunal content of
the present assemblage type. All species from the locality are extinct species, but
most of the genera to which they belong have species living today. The common
range of bathymetric ranges of such genera is 20 to 50 meters, and Saccella
confusa (HANLEY), a living species most closely related to Saccella miensis has a
vertical range of 10 to 50 meters (HABE, 1977). It is inferred from these data that
the assemblage from this locality lived at a certain depth within a range of a
few tens to several tens meters. Assemblages of this type including the
assemblage from the above locality usually occur in fine-grained sandstones,
indicating a fine sand substrate as a favorable bottom type for this assemblage
type. Further, the occurrence of good indicators of embayed water in some
assemblages of this type suggests that this type has a preference for a protected
marine environment. Thus, this assemblage type seems to represent a past
community of fine sands between a few tens and several tens meters in sheltered
areas like bays.

A dense aggregation of shells consisting principally of Saccelle miensis and
Phacosoma nomurai occurs at locality 94-2. This is regarded as a mixed
assemblage of the present and the Phacosoma nomurai assemblage. A large number
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of mollusk species occur at locality 95. Acila submirabilis MAKIYAMA, Saccella
miensis, Arvca sp., Chlamys iwamurensis, Phacosoma nomurai, Periploma cfr.
mitsuganoense ARraki, Tachyrhynchus yamaokaensis Itoicawa and SHIBATA and
Turritella sagai are fairly abundant. The assemblage from this locality is
considered a mixed assemblage consisting principally of elements of the Arca, the
Phacosoma mnomurai and the present assemblage. At locality 96 Saccella miensis
and Nipponomarcia nakamurai occur in fairly high density in association with
sparsely occurring shells of a few other species. This assemblage is regarded as
a mixture of the Nipponomarcia and the present assemblage. The assemblages
from these three localities are considered transported assemblages on the basis of
the scarce occurrence of articulated shells from them.

Table. 3. Checklist of molluscan species from localities 2-3, 41, 58, 66
to 68, 70, 75 and 94-1 in the Iwamura Group.

Localities » i

Species ) ) Hd T B 8 85 &R K S
Acila submirabilis MAKIYAMA “ e e pms e s g e R
Saccella miensis (ARAKI) |46 5,6 & . C. C. F.C A
Megayoldia thraciacformis (STORER) R —— — — = — — —
Solamen fornicatum (YOKOYAMA) R —— R — — — — —
Patinopecten egregius (ITOIGAWA) R R — R R R R R R
Cyclocardia siogamensis (NOMURA) F — R F — R R R —
Lucinoma acutilineatun (CONRAD) F R R F R RF F —
Macoma optiva (YOKOYAMA) e e ] T
Cultellus izumoensis YOKOYAMA RS SRS A SR v
Laevidentalium ? sp. RESRMIR (LEEEREYE RUEISSRER —
Crepidula jimboana YOKOYAMA = =N SNEah SR
Euspira meisensis MAKIYAMA jee=ned, 2R i Re=Si o rRrR
Auncistrolepis togariensis NARUSE R o=t m=rcsif—tnes s
“Tritia’ hongoensis (ITOIGAWA) R 3~ =i wittm SRy iy

A : more than 25 specimens C : 10-25 specimens

F : 5-10 specimens R : less than 5 specimens

Macoma-Lucinoma assemblage

Occurrence : - localities 97—100.

Faunal content of the assemblages from the above localities is given in
Table 4. These assemblages are characterized by Lucinoma acutilineatum and
Macoma izurensis or Macoma optiva in abundance. Pelecypods very frequently
occur with their both valves attached at every locality, indicating burial of shells
in situ. They seem to have lived on muds or fine sands at depths within a range
of the lower limit of the bathymetric range of the Sacce/la assemblage to the
upper limit of that of the Malletia-Nuculana assemblage. Mixed with shells of
diagnostic elements of the present assemblage type, Saccella miensis occurs in fair
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between the present assemblage and the Saccella assemblage.

Malletia-Nuculana assemblage

Occurrence : - localities 103—108.

Faunal content of the above localities is shown in Table 4. The assemblages
from them are referred to the Malletia-Nuculana assemblage on the basis of
the predominance of either Malletia inermis or Nuculana pemnula. They are
considered “living assemblages” on the basis of the excellent state of preservation
of shells. There are two species which occur in most of them but are absent in
the assemblages of this type from the Shidara Group. They are Yoldia sagittaria
YokovaMA and Megayoldia thraciaeformis. These assemblages may have lived in
offshore considerably deep water similar to the environment indicated by the
assemblages of this type from the Shidara Group.

Melletia inermis, Portlandia watasei (KANEHARA), Lucinoma acutilincatum
and Macoma optiva occour in fair abundance at locality 111. Malletia inermis,
Macoma izurensis and Macoma optiva occur sparsely at locality 110. Malletia
inermis and Macoma optiva occur in considerably high density associated with
sparsely occurring shells of several other mollusk species at locality 109. The
assemblages from these localities are considered intermediate assemblages of the
present assemblage and the Macoma-Lucinoma assemblage.

Acilana assemblage

Occurrence : - localities 112—115.

Faunal content of the assemblages from the above localities is given in
Table 4. They are identified with the present assemblage on the basis of the
predominance of Acilana tokunagai. However, Euclio sp. which is represented by
a single individual from locality 113 is excluded from the Acilana assemblage
from the locality for the same reason as stated by SHiBATA (1977b). The species
is a pteropodous species having a planktonic life mode, and is a characteristic
element of the Vaginella assemblage (SuiBaTa, 1977b). Shells of benthic molluscs
are in an excellent state of preservation at all the localities, indicating no or
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little movement of them after death. The shell of FEuclio sp. from locality 113,
however, appears to have been introduced into the point of burial after death.

Table 4. Checklist of molluscan species from localities 97 to 100, 103 to 108

and 112 to 115 in the Iwamura Group.

. Losghienl! =B 5, 2 8 3 | ilesy ails o
Species — | AAAAASA A A A A
Acharax tokunagai (YOKOYAMA) = @ |———— — — — — — — |- 3 TR —
Acila sp. = Bl R B R
Ennucwla sp. |- — — — — R RR
Malletia inermis (YOKOYAMA) BN ClIP.R.CR ——=——
Carinineilo takeharai (SHIBATA) = | — — — — — — — — — — — R =
Neilonella ? ovata (TAKEDA) | — — — — — — — — — — —
Nuculana pennula (YOKOYAMA) ————RR—R—R—RR—
Yoldia sagittaria YOKOYAMA = F ——RRI—— FRRRFPFR
Megayoldia thraciaeformis (STORER) R R T B e st i e
Portlandia watasei (KANEHARA) | — — — — — — praiel. pASAAA L O
Acilana tokunagai (YOKOYAMA) | — — — — — — — — — — CCCR
Patinopecten egregius (ITOIGAWA) e o — — =f-cErym . uf D
Cyclocardia siogamensis (NOMURA) — FR—RR—RRR————
Cyclocardia sp. | == = — = — — — — — — — R
Thyasira sp. | — — — — — R.~=
Lucinoma acutilincatum (CONRAD) RCFFR—R——RRR——
Macoma izurensis (YOKOYAMA) SRR - T i e M
Macoma optiva (YOKOYAMA) RE — — & Rl=—l= L. =_
Cultellus izumoensis YOKOYAMA | — — — — — — — — R e i
Pandorella cfr. otukai HABE = | — — — — — — — — — — — R — —
Periploma mitsuganoense ARAKI — Wt _R R ——R——TR R=
Fissidentalinm sp. Dl Wl - e e o TR R R —
Lacvidentalium ? sp. = e e e B TR R =—
Twrritella sp. | == == — — — e - s L
Euspira meisensis MAKIYAMA R ———R-————
Tectonatica ichishiana SHIBATA —— — — R——RRR—RR—
Trophonopsis sp. | —=— == = — — — — R—RR —
Spirotropis subdeclivis ichishiensis SHIBATA | — — — — — — — — Rl ===iR =
Musashia ? sp. o MM Sy = e ey =
Ewcliosp. |_ ———————— — — Rl — —

C : 10-25 specimens F : 5-10 specimens R : less than 5 specimens

Tomikusa Group

A large marine molluscan fauna has been recorded from the Tomikusa
Group in the Tomikusa basin, Nagano Prefecture (SHikAMA, 1954, TANAKA, 1967).
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Localities

Locality 1; stream bed of the Monbara-gawa approximately 1100 meters east
of Monbara, Anan-cho. Coarse-grained sandstone of the Oshimojo Formation.

Locality 2; stream bed of the Monbara-gawa 200 meters northwest of the
preceding locality, Anan-cho. Granule size conglomerate of the Oshimojo
Formation.

Locality 3-1; cliff along the Monbara-gawa 500 meters northeast of Monbara,
Anan-cho. Granule size conglomerate of the Oshimojo Formation.

Locality 3-2; granule size conglomerate of the Oshimojo Formation 0.5 meter
below the preceding point.
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Locality 4; cutting of the road leading from Nishijo to Omori 850 meters
north of the town office of Anan-cho, Anan-cho. Coarse-grained sandstone of the
Oshimojo Formation.

Locality 5; road-cut 300 meters south of the preceding locality, Anan-cho.
Coarse-grained sandstone of the Oshimojo Formation.

Locality 6; road-cut 15 meters south of the preceding locality, Anan-cho.
Granule size conglomerate of the Oshimojo Formation.

Locality 7; bank of a brook 600 meters southwest of Konao, Anan-cho.
Mudstone of the Arakida Formation.

Locality 8 bank of the brook 15 meters east of the preceding locality.
Coarse-grained sandstone of the Arakida Formation.

Locality 9; bank of a brook 900 meters south of Konao, Anan-cho. Granule
size conglomerate of the Arakida Formation.

Locality 10; bank of the brook 5 meters west of locality 7, Anan-cho.
Granule size conglomerate of the Arakida Formation.

Locality 11; stream bed of the Monbara-gawa 20 meters northwest of locality
3, Anan-cho. Granule size conglomerate of the Oshimojo Formation.

Locality 12-1; right bank of the Monbara-gawa 600 meters north of Monbara,
Anan-cho. Mudstone of the Arakida Formation.

Locality 12-2; granule size conglomerate of the Oshimojo Formation 2 meters
below the preceding point.

Locality 13; bank of the Monbara-gawa 100 meters northeast of the preceding
locality. Granule size conglomerate of the Oshimojo Formation.

Locality 14; floor of a branch of the Monbara-gawa about 500 meters east of
Monbara, Anan-cho. Granule size conglomerate of the Oshimojo Formation.

Locality 15; cliff on the right side of the Monbara-gawa 300 meters northeast
of Monbara, Anan-cho. Granule size conglomerate of the Oshimojo Formation.

Locality 16; stream bed of a branch of the Monbara-gawa 200 meters
southeast of Kamiumeda, Anan-cho. Coarse-grained sandstone of the Arakida
Formation.

Locality 17; floor of the Monbara-gawa 5 meters west of the preceding
locality. Coarse-grained sandstone of the Oshimojo Formation.

Locality 18&; cliff along a brook about 1000 meters northwest of Kadoshima
station, Anan-cho. Coarse-grained sandstone of the Oshimojo Formation.

Locality 19; road-cut 100 meters northeast of Monbara, Anan-cho. Medium-
grained sandstone of the Arakida Formation.

Locality 20; floor of the Monbara-gawa 200 meters northwest of Monbara,
Anan-cho. Medium-grained sandstone of the Arakida Formation.

Locality 21; bank of the brook 5 meters west of locality 10, Anan-cho.
Medium-grained sandstone of the Arakida Formation.

Locality 22; floor of the Osawa-gawa 700 meters west of Kadoshima station,
Anan-cho. Medium-grained sandstone of the Oshimojo Formation.
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Locality 23; stream bed of the Osawa-gawa 100 meters west of the preceding
locality, Anan-cho. Medium-grained sandstone of the Oshimojo Formation.

Locality 24; stream bed of the Osawa-gawa 50 meters northwest of locality
929, Anan-cho. Medium-grained sandstone of the Arakida Formation.

Locality 25; floor of the Osawa-gawa 1000 meters west of Kadoshima station,
Anan-cho. Mudstone of the Arakida Formation.

Locality 26; left bank of the Osawa-gawa 4 meters above the preceding
locality. Mudstone of the Arakida Formation.

Locality 27; road-cut 400 meters southeast of Konao, Anan-cho. Fine-grained
sandstone of the Arakida Formation.

Locality 28; cutting of the road leading from Yonekawa to Dashina 300
meters north of Yonekawa, lida City. Mudstone of the Arakida Formation.

Locality 29; road-cut 170 meters south of the preceding locality, Iida City.
Mudstone of the Arakida Formation.

Locality 30; cliff on the left side of the Osawa-gawa 40 meters north of
Osawagawa-bashi, Anan-cho. Shale of the Arakida Formation.

Locality 31; right bank of the Osawa-gawa 15 meters south of Osawagawa-
bashi, Anan-cho. Shale of the Arakida Formation.

Locality 32; cliff on the right side of the Osawa-gawa 30 meters south of the
preceding locality, Anan-cho. Shale of the Arakida Formation.

Locality 33; cliff 9 meters above the preceding locality, Anan-cho. Shale of
the Arakida Formation.

Locality 34; cliff on the right side of the Osawa-gawa 100 meters south of
locality 31, Anan-cho. Shale of the Arakida Formation.

Locality 35; cliff along the Osawa-gawa 10 meters south of the preceding
locality. Shale of the Arakida Formation.

Locality 36; road-cut 50 meters north of Osawagawa-bashi, Anan-cho. Shale of
the Arakida Formation.

Locality 37; road-cut 30 meters east of the preceding locality, Anan-cho. Shale
of the Arakida Formation.

Locality 38; river cliff 500 meters west of Arakida, Anan-cho. Shale of
the Arakida Formation.

Locality 39; bank of the branch of the Monbara-gawa 150 meters west of
locality 16, Anan-cho. Shale of the Arakida Formation.

Locality 40; small exposure 200 meters northeast of Shusu, Anan-cho.
Mudstone of the Arakida Formation.

Locality 41; road-cut 10 meters east of locality 27, Anan-cho. Shale of the
Arakida Formation.

Locality 42; cliff about 500 meters south of Konao, Anan-cho. Shale of the
Arakida Formation.

Locality 43; road-cut 400 meters north of the town office of Anan-cho,
Anan-cho. Shale of the Arakida Formation.
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Locality 44; bank of a brook 800 meters south of Konao, Anan-cho. Shale of
the Arakida Formation.

Locality 45; bank of a brook 900 meters south of Konao, Anan-cho. Shale of
the Arakida Formation.

Locality 46; road-cut 1100 meters south of the town office of Anan-cho,
Minamijo, Anan-cho. Mudstone of the Arakida Formation.

Locality 47; road-cut 250 meters southeast of Awano Primary School, Anan-
cho. Granule size conglomerate of the Arakida Formation.

Locality 48; road-cut 70 meters east of Osawagawa-bashi, Anan-cho. Mudstone
of the Arakida Formation.

Locality 49; road-cut at Hibarizawa, Anan-cho. Tuff of the Arakida Formation.

Locality 50; small exposure beside the road which runs from Nishijo to Omori
100 meters southeast of locality 43, Anan-cho. Shale of the Arakida Formation.

Molluscan assemblages

Crassostrea gigas assemblage

Occurrence : - localities 1, 2, 3-2, 4—09.

Crassostrea gigas makes up a dense shell aggregation at most of the above
localities. The species is locally accompanied by Trapezium modiolaeforme or
Tateiwaia cfr. yamanarii (MAKIYAMA). The fossil assemblages from these localities

are considered transported assemblages.

Vicaryella bacula-Cyclina assemblage

Occurrence : - locality 10.

Cyclina japonica, Hiatula minoensis and Vicaryella bacula (YOKOYAMA) occur
in fairly high density at the above locality. Associated with them Glycymeris sp.,
Crassostrea gigas, Meretrix cfr. arugai Otuka, Phacosoma kawagensis and Proclava
otukai occur sparsely. This assemblage resembles the Cyclina-Vicaryella ishiiana
assemblage from the Iwamura Group, but differs from the latter in the fair
abundance of Vicaryella bacula and the absence of Vicaryella ishiiana.

Shells of gastropods are whole, and are not worn. A large part of those of
pelecypods are articulated. All individuals of Crassostrea gigas, however, are
disarticulated. It seems likely that individuals of the constituent species except
Crassostrea gigas lived together at or near the point of burial. This assemblage
seems to represent a past community of very shallow estuaries similar to the
environment indicated by the Cyclina-Vicaryella ishiiana assemblage. A dense
aggregation of shells consisting principally of Crassostrea gigas and Hiatula
minoensis occurs at locality 11. This assemblage is regarded as a mixed

assemblage composed of the present and the preceding assemhlage.
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Table 5. Checklist of molluscan species from the Tomikusa Group

A: more than 25 specimens C: 10-25

specimens

Localities

Species

813
|

|
Le2urla204i58 657

12

8 910111

Acila submirabilis MAKIYAMA
Ennucula sp.

Malletia inermis (YOKOYAMA)
Nuculana pcnnu[.a (YOKOYAMA)
Saccella miensis (ARAKI)

Yoldia sagittaria YOKOYAMA

Yoldia (Cnesterium) ensifera akeyoensis TTOIGAWA and SHIBATA

Megayoldia thraciacformis (STORER)
Portlandia sp.

Barbatia kubara TTOIGAWA

Glycymeris thebei TTOIGAWA and SHIBATA
Glyeymeris sp.

Modiolus nakamurai ITOIGAWA and SHIBATA
Mxtilus coruscus GOULD

Chlamys iwamurensts TTOIGAWA
Patinopecten sp. 1

Patinopecten sp. 2

Anomia chinensis (PUILIPPL)

Crassostrea gigas (THUNBERG)

Chama sp.

Cyclocardia siogamensis (NOMURA)
Plewromeris 7 sp.

Felaniella usta (GOULD )

Thyasira sp.

Lucinoma acutilineatum [CONRAD)
Trapezium modiolacforme OyAMA and SAKA

Clinocardium andoi TTOIGAWA and SHIBATA

Squillaconcha cfr. nishimotoi I'TOIGAWA and SHIBATA =

Meretrix cfr. arugai OTUKA
Phacosoma kawagensis (ARAKL)
Phacosoma nomurai {OTUKA)
Cyclina juponica KANMADA

Ruditapes miyamurensis (TTOIGAWA!
Siratoria siratoriensts [OTUKA)
Liocyma minuta NOMURA and ZINBO
Venus 7 sp. \
Mactra sp. 1

Muacira sp. 2

Hiatula minoensis (YOKOYAMA)
Moerella sp.

Macoma optiva (YOKOYAMA)

Solen sp.

G AAAs

R I
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Table 5. Continued

Tocalities

Species

121245678

Siliqua minoensis ITOIGAWA

Mya (Arenomya) cfr. cuneiformis BOHM
Solidicorbula sp.

Pandorella cfr. otukai HABE

Periploma yokoyamai MAKIYAWA
Periploma mil suganoense ARAKI

Thracia watanabei TTOIGAWA and SHIBATA
Cardiomva mil suganoensis SHIBATA
Fissidentaliuvm cfr. vernedei (SOWERBY)
Laevidentalium ?  sp..

Diodora sp.

Tectura cfr. minoensis TTOIGAWA
Tectura sp.

Machaeroplax mitsuganoensis (SHIBATA)
Homalopoma ena (ITOIGAWA)
Tachyrhynchus mitsuganoensis ( SHIBATA)
Turritella sagai KOTAKA

Turritella ichishiensis SHIBATA
Turritella sp.

Orectospira sp.

Cerithidea (Cerithideopsilla) cfr. minoensis TTOIGAWA
Tateiwaia cfr. vamanarii. (NAKIYAMA)
Vicarvella bacula (YOKOYAMA)

Proclava otukai (NOMURA)

Calypiraca tubura OTUKA

Crepidula jimboana YOKOYAMA

Fuspira meisensis MAKIYAMA
Tectonatica janthosiomoides KURODA and HARE
Tectonatica ichishiana SHIBATA
Trophonopsis sp. 1

Trophonopsis sp. 2

Ancistrolepis togariensis NARUSE

Phos minoensis ITOIGAWA

Reticunassa simizui (OTUKA)

“Tritia” hongoensis (ITOIGAWA)
Musashia sp.

Cymatosyrinx minoensis TTOIGAWA
Tiberia sp.

Cylichnatys sp.

Eocylichna affabilis (YOKOYAMA)

Euclio_ sp.
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Barbatia assemblage

Occurrence : - localities 12-2—15.

The fossil assemblages from the above localities are referred to the Barbatia
assemblage on the basis of the predominance of Barbatia kubara. Shells occur
clustering together at locality 14, but occur scattered at the other localities. A
few articulated shells were found at the former, but no articulated shells were
encountered at the latter. These assemblages are considered transported
assemblages. They are mixtures of epifaunal mollusks of hard substrates at
depths from high tide mark to 10 meters or so and epi- and infaunal mollusks of

sands at similar depths in a protected coastal environment.

Chlamys iwamurensis assemblage

Occurrence : - localities 16, 18.

The assemblages from the above localities are compared to the Chlamys
{wamurensis assemblage. No articulated shells were encountered at both the

localities. These assemblages are considered transported assemblages.

Turritella-Lucinoma assemblage

Occurrence : - localities 18—21.

The fossil assemblage from locality 19 is typical of this type. The principal
components are Lucinoma acutilineatum, Sclen sp. and Turritella sagai.
Acila submivabilis MAaxiyama, Clinocardium andoi ItoicAwA and SHIBATA,
Phacosoma kawagensis, Liocyma minuta and “Tritia” hongoensis IToicAwA are the
principal subordinate components. The assemblages from the other localities are
referred to the present assemblage on the basis of the predominance of Lucinoma
acutilineatum and Turritella sagai or the latter. Shells are mostly entire, and a
part of those of bivalves are articulated at all the localities. All or a large part
of shells from every locality may have undergone post mortem disturbance, but
the amount of it may have been small. The greater part of constituent species
of these assemblages are inhabitants of a protected coastal sandflat environment
of intertidal or very shallow subtidal depth. The assemblage from locality 3-1 is
considered a mixed assemblage consisting principally of elements of the present
and the Chlamys iwamurensis assemblage. The assemblage from locality 15 is
also considered a mixture of the present, the Vicarvella bacula-Cyclina and the

Barbatia assemblage.

Saccella assemblage

Occurrence : - localities 22, 23.

The assemblages from the above localities are referred to the Saccella
assemblage on the basis of the fair abundance of Saccella miensis. Saccella
miensis and Lucinoma acutilineatum were frequently found to occur with their
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both valves attached at both the localities, indicating no or little transportation
of shells after death.

Macoma-Lucinoma assemblage

Occurrence : - localities 24—26, 27-2.

The assemblages from these localities are safely referred to the Macoma-
Lucinoma assemblage on the basis of the predominance of Macoma optiva. Shells
of bivalves occur mostly with both valves intact at every locality, indicating
preservation of shells in sitw. Mya cuneiformis Boum whose living allies live in
waters less than 20 meters deep (Hico, 1973) may be used as an indicator of the
depth at which the assemblage from locality 24 thrived. On the other hand, the
assemblage from locality 26 seems to have inhabited a considerably deep water
on the basis of the presence of Malletia inermis.

Malletia-Nuculana assemblage

Occurrence : — localities 12-1, 27-1, 28—46.

Either Malletia inermis or Nuculana pennula predominates at the above
localities. A single shell of Euckio sp. a characteristic element of the Vaginella
assemblage was obtained at locality 28. The shell is excluded from the assemblage
of this type from the locality. It may be taken as a sign of the presence of a
Vaginella assemblage. Articulated shells occupy a large proportion of all individuals
of pelecypods at the following localities; localities 28, 30—33, 37—39 and 43. The
assemblages from these localities are considered “living assemblages”. The
assemblages from localities 47 and 48 include species characteristic to the
Macoma-Lucinoma and the present assemblage. They are regarded as mixed
assemblages of the two assemblages.

Nezlonella-Periploma assemblage

Occurrence : - localities 49, 50.

Several species including Periploma mitsuganoense ARAk1 and Cardiomya
mitsuganoensis SHIBATA, characteristic elements of the Neilonella-Periploma
assemblage occur very sparsely at locality 50. A few shells of Periploma
mitsuganoense were recovered from locality 49. The assemblages from these localities
may be referred to the present assemblage. Mivazawa collected a number of
Acharax tokunagai (Yokovyama) and Palliolum (Delectopecten) peckhami (GABB)
from shales of the Arakida Formation at a road-cut 100 meters east of locality
47 (oral communication). They may represent the present assemblage.

Awa Group

The Awa Group in the Awa basin, Mié Prefecture is stratigraphically and
faunally related to the Ichishi Group whose northwestern extremity lies about 5
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kilometers southeast of the basin. Arakr (1960) gave a list of mollusks for each of
his stratigraphic subdivisions of the Group. IToicAwA (1961) has reported a total
of 75 mollusk species from 23 localities in the Group, and described six types of
fossil assemblage, the Nipponomarcia-Balanus, the Ostrea-Cerithium, the Saccella-
Lucinoma-Venericardia, the Venericardia-Dentalium, the Cultellus-Macoma and
the Portlandia-Turridae.
During the course of

this study I made collec-

HIRAMATSU

tions of molluscs from 11—

more than 30 localities
(Fig. 9) including all
the fossil localities de-

HATTORI-GAWA

o— 14

1

scribed by ARaAKI and ““ﬂ—\“‘“ &b
IToiGAWA except a few W

. 28
localities. 27 \\

: e —
According to Irtor- KIND-GAWA
-—-—au

GAwWA the Awa Group b
is divided into four i

i . ‘ 73 — 33
stratigraphic units, the 2%
Higashihata basal con- ﬂ|____—__}km

glomerate, the Nenobi

ranule conglomerate, , : x TR
g g eyie Fig. 9. Index map showing collecting localities in

the Hiramatsu sandstone the Awa basin. For precise locations, see text.
and siltstone and the

Makino pebble bearing mudstone in ascending order.

Localities

Locality 1; bank of a brooklet 550 meters southeast of Shimoawa, Miyadani,
Oyamada-mura. Granule size conglomerate of the Nenobi granule conglomerate.

Locality 2; bank of the brooklet 40 meters southeast of the preceding locality,
Miyadani, Oyamada-mura. Coarse-grained sandstone of the Nenobi granule
conglomerate.

Locality 3; bank of the brooklet 20 meters southeast of the preceding locality,
Miyadani, Oyamada-mura. Granule size conglomerate of the Nenobi granule
conglomerate.

Locality 4; small exposure 1000 meters southeast of Shimoawa, Oyamada-mura.
Coarse-grained sandstone of the Nenobi granule conglomerate.

Locality 5; small exposure 100 meters northwest of the preceding locality,
Oyamada-mura. Medium-grained sandstone of the Nenobi granule conglomerate.

Locality 6; bank of a pond 200 meters north of the preceding locality,
Oyamada-mura. Fine-grained sandstone of the Nenobi granule conglomerate.
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Locality 7; bank of the brooklet 3 meters northwest of locality 3, Miyadani,
Oyamada-mura. Coarse-grained sandstone of the Nenobi granule conglomerate.

Locality & cutting of the road leading from Suhara to Makino, 50 meters
northwest of Makino, Oyamada-mura. Granule size conglomerate of the Hiramatsu
sandstone and siltstone.

Locality 9-1; cliff 700 meters south of locality 7, Miyadani, Oyamada-mura.
Medium-grained sandstone of the Hiramatsu sandstone and siltstone.

Locality 9-2; coarse-grained sandstone of the Hiramatsu sandstone and
siltstone 1 meter below the preceding point.

Locality 9-3; coarse-grained sandstone of the Hiramatsu sandstone and
siltstone 0.5 meter below the preceding point.

Locality 10; bank of the brooklet 50 meters southeast of locality 3, Miyadani,
Oyamada-mura. Medium-grained sandstone of the Hiramatsu sandstone and
siltstone.

Locality 11; bank of the Hattori-gawa 350 meters northeast of Hiramatsuy,
Oyamada-mura. Granule size conglomerate of the Hiramatsu sandstone and
siltstone.

Locality 12; floor of the Takao-gawa 700 meters south of Mashino, Oyamada-
mura. Pebble size conglomerate of the Hiramatsu sandstone and siltstone.

Locality 13; road-cut 400 meters south of locality 10, Miyadani, Oyamada-
mura. Granule size conglomerate of the Hiramatsu sandstone and siltsone.

Locality 14-1; bank of the Takao-gawa 250 meters southwest of Mashino,
Oyamada-mura. Coarse-grained sandstone of the Hiramatsu sandstone and
siltstone.

Locality 14-2; coarse-grained sandstone of the Hiramatsu sandstone and
siltstone 1 meter below the preceding point.

Locality 14-3; floor of the Takao-gawa 1 meter below the preceding point.
Coarse-grained sandstone of the Hiramatsu sandstone and siltstone.

Locality 15; bank of the Hattori-gawa 30 meters east of locality 11,
Oyamada-mura. Medium-grained sandstone of the Hiramatsu sandstone and
siltstone.

Locality 16; bank of the Hattori-gawa 5 meters west of the preceding locality,
Oyamada-mura. Medium-grained sandstone of the Hiramatsu sandstone and
siltstone.

Locality 17; floor of the Hattori-gawa 30 meters west of Hiramatsu,
Oyamada-mura. Granule size conglomerate of the Hiramatsu sandstone and
siltstone.

Locality 18; stream bed of a brooklet 500 meters southeast of Mashino,
Oyamada-mura. Medium-grained sandstone of the Hiramatsu sandstone and
siltstone.

Locality 19; bank of the Takao-gawa 650 meters south of Mashino, Oyamada-
mura. Medium-grained sandstone of the Hiramatsu sandstone and siltstone.
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Locality 20; bank of the Takao-gawa 10 meters southeast of the preceding
locality, Oyamada-mura. Medium-grained sandstone of the Hiramatsu sandstone
and siltstone.

Locality 21; bank of the Makino-gawa 200 meters southeast of locality 8§,
Ovamada-mura. Fine-grained sandstone of the Hiramatsu sandstone and siltstone.

Locality 22; road-cut 60 meters south of locality 10, Miyadani, Oyamada-
mura. Medium-grained sandstone of the Hiramatsu sandstone and siltstone.

Loocality 23; road-cut 80 meters south of the preceding locality, Miyadani,
Oyamada-mura. Fine-grained sandstone of the Hiramatsu sandstone and siltstone.

Locality 24; road-cut 100 meters south of the preceding locality, Miyadani,
Oyamada-mura. Fine-grained sandstone of the Hiramatsu sandstone and siltstone.

Locality 25; small exposure 70 meters south of locality 13, Miyadani,
Oyamada-mura. Fine-grained sandstone of the Hiramatsu sandstone and siltstone.

Locality 26; small exposure 20 meters south of the preceding locality, Miya-
dani, Oyamada-mura. Medium-grained sandstone of the Hiramatsu sandstone
and siltstone.

Locality 27; bank of the Makino-gawa 50 meters southeast of locality 21,
Oyamada-mura. Medium-grained sandstone of the Hiramatsu sandstone and
siltstone.

Locality 28; bank of the Takao-gawa 10 meters southwest of locality 19,
Oyamada-mura. Medium-grained sandstone of the Hiramatsu sandstone and
siltstone.

Locality 29; bank of the Hattori-gawa 40 meters west of locality 11,
Oyamada-mura. Mudstone of the Hiramatsu sandstone and siltstone.

Locality 30; floor of the Makino-gawa 250 meters south of locality 27,
Oyamada-mura. Mudstone of the Makino pebble bearing mudstone.

Locality 31; floor of the Makino-gawa 150 meters southeast of the preceding
locality, Oyamada-mura. Pebble size conglomerate of the Makino pebble bearing
mudstone.

Locality 32; bank of the Makino-gawa 250 meters southeast of the preceding
locality, Oyamada-mura. Mudstone of the Makino pebble bearing mudstone.

Locality 33; bank of the Makino-gawa 5 meters east of the preceding locality,
Oyamada-mura. Mudstone of the Makino pebble bearing mudstone.

Molluscan assemblages

All or a large part of shells of bivalves occur with their both valves
disarticulated at most of the localities. This may be taken as evidence for post
mortem disturbance of shells at them. Locality 29, however, shows a very high
ratio of articulated to disarticulated shells, indicating accumulation of shells at or
nearly at their place of life. Nine basic assemblage types including three types
not described earlier were recognized in Awa collections, They cover assemblages
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from a few Itoicawa’s localities from which I failed to collect additional material.
A checklist of molluscs by locality is given in Table 6.

Nipponomarcia assemblage

Occurrence : - locality 1.

Nipponomarcia nakamurai occurs in high density at the above locality in
association with very sparsely occurring shells of a few other bivalves. The faunal
list of IToicAwA (1961) indicates that the assemblages from his localities 4 and
9 are represented by the present assemblage.

Proclava assemblage

Occurrence : - localities 2—4, 8, 9-3.

This assemblage type is defined by the predominance of Proclava otuka:.
Content of subordinate components varies with localities. Procdlava otukai is
considered an inhabitant of very protected muddy or sandy shores. All or most
subordinate components of each assemblage seem to be inhabitants of sands or
finer substrates in the intertidal zone or at depths just below the lower fringe of
the zone in sheltered embayments.

This assemblage type appears to reflect primarily a past molluscan community
of intertidal sands in very sheltered areas like the innermost part of embayments.
The fossil assemblages from localities 5 and 6 are characterized by Nipponomarcia
nakamurai and Proclava ofukai in abundance. They are regarded as mixd

assemblages consisting of the present and the Nipponomarcia assemblage.

Phacosomea kawagensis assemblage

Occurrence : - localities 7, 10, 11.

The assemblages from the above localities are referred to this assemblage
type on the basis of the predominance of Phacosoma kawagensis. The assemblage
from locality 9-2 consists principally of Phacosoma kawagensis and Batillaria
mizunamiensis. This is regarded as a compound assemblage consisting of the
present and the Batillaria mizunamiensis assemblage.

Chlamys iwamurensis assemblage

Occurrence : - locality 12.

The assemblage from this locality may be identified with the present
assemblage on the basis of the similarity of species content to the Chlamys
wamurensis assemblages from the Shidara Group.

Callista assemblage

Occurrence : - locality 13.

The assemblage from the above locality consists principally of Cycdlocardia
yakuojiensis (SHIBATA) and Callista (Callista) sp. which closely resembles Callista
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Table 6. Checklist of molluscan species from the Awa Group

A: more than 25 specimens C: 10-25

specimens

Localities

Species

Acharax tokunagai (YOKOYAMA)

Acila submirabilis MAKIYAMA
Acila (Truncacila) sp.

Ennucula sp.

Carinineilo takeharai (SHIBATA)
Neilonella isensis SHIBATA
Nuculana pr’nnulu (YOKOYAMA)
Saccella miensis (ARAKI)

Yoldia cfr. similis KURODA and HABE
Yoldia (Cnesterium) ensifera akeyoensis 1TOIGAWA and SHIBATA |
Acilana tokunagai (YOKOYAMA)

Striarca sp.

Anadara abdita MAKIYAMA

Glycymeris ikebei TTOIGAWA and SHIBATA
Glycymeris sp.

Myiilus coruscus GOULD

Modiolus- nakamurai ITOIGAWA and SHIBATA
Solamen furnica[um (YOKOYAMA)

Chlamys iwamurensis ITOIGAWA

Patinopecten egregius (I'TOIGAW A)

Patinopecten chichibuensis milsuganoensis SHIBATA
Patinopecten sp.

Anomia chinensis (PHILIPPL)

Crassostrea gigas (THUNBERG)

“Ostrea” sp. 3 A

( yelocardia siogamensis (NOMURA)

clocardia \(lkzu)]unelc (SHIBATA)

Felaniella uste. (GOULD)

Diplodonia cfr. ferrugl'n(llu MAKIYAMA

Lucinoma acutilineatum (CONRAD)

Clinocardium andoi 1TOIGAWA and SHIBATA
Callista sp.

Phacosoma kawagensis (ARAKI)

Phacosoma nomurai (OTUKA)

Nipponomarcia nakamurai TKEBE

Ruditapes miyamurensis (ITOIGAWA)

Siratoria siratoriensis (OTUKA)

Liocyma minuia NOMURA and ZINBO

Macira sp.

Hiatuld minoensis (YOKOYAMA)

Moerella sp.

Muacoma izurensis (YOKOYAMA

Mocoma optiva (YOKOYAMA)

Solen sp.

Siliqua minoensis ITOIGAWA

Cultellus izumoensis YOKOYAMA

Panomya simotomensis OTUKA

Mya sp.

Pandorella cfr. otukai HABE

Periploma mitsuganoense ARAKI

Poromya sp.

Dentalium sp.

Fissidentalium cfr. yokoyamai NAKIYAMA
“Laevidentalium” misatoensis (ARAKL)

Teclura sp.

Machaeroplax mitsuganoensis (SHIBAT A)
Homalopoma ena (ITOIGAWA)

Turritella sagai KOTAKA

Turritella sp.

Ovrectospira ichishiensis SHIBATA

Cerithidea (Cerithideopsilla) cfr. minoensis ITOIGAWA
Batillaria mizunamiensis ITOIGAWA

Proclava otukai (NOMURA)

Crepidula jimboana YOKOYAMA

Euspira meisensis MAKIYAMA

Euspira mitsuganoensis SHIBATA

Ancistrolepis togariensis NARUSE

Ancistrolepis togariensis miensi
Siphonalia cfr. makiyamai 1TOIG:
Reticunassa simizui (OTUKA)
Spirotropis subdeclivis ichishiensis SHIBATA
Ringiculospongia itoigawai SHIBATA
Cylichnatys sp.

Nipponoscaphander sp.
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(Callista) chinensis (HoLTEN), a living species of Japan. According to HAaBE
(1977) Callista (Callista) chinensis lives on fine sands between high tide level
and 50 meters in warm water regions, and the other modern species of the
subgenus Callista are found on fine sands within a depth range of 10 to 80
meters in warm water regions. According to Hico (1973) Japanese living species
belonging to the genus Cyclocardia are encountered on sands or sandy muds
within a range of 10 to 400 meters. Most of the subsidiary components are
considered inhabitants of sands in a protected coastal environment of intertidal
or very shallow subtidal depth. From these data it is inferred that the principal
components are inhabitants of sands in very shallow waters probably of 10 to 30
meters deep in sheltered areas like bays. This assemblage seems to consist of
shells from sands at various depths ranging from high tide mark to a few
tens meters in an embayment.

Acila (Truncacila) assemblage

Occurrence : - localities 14-1—3.

Acila (Truncacila) sp. which has a resemblance to modern Acila (Truncacila)
insignis (GouLD) occurs in high density at locality 14-1 in associaton with sparsely
occurring shells of a few other mollusks, forming a distinctive assemblage type.
Shells are mostly entire, and not worn or abraded, and a minor part of
individuals of Acila (Truncacila) sp. are articulated. This may be taken as
evidence for small scale sedimentary transport of shells. The species and
Cyclocardia siogamensis occur in high density at locality 14-2. The former slightly
exceeds the latter in individual number. Associated with them a number of
mollusk species are in small numbers. Shell density is somewhat lower at locality
14-3. Lucinoma acutilineatum is the most abundant species. Acila (Truncacila) sp. is
the second most common species. The assemblages from these localities may be
referred to this assemblage type. This type seems to reflect a past community of
sands in shallow embayments similar to the environment indicated by the Saccella
assemblage on the basis of the resemblance in species composition between the
two assemblage types.

Saccella assemblage

Occurrence : - localities 15—27.

Faunal content of all the above localities except locality 17 bears a close
resemblance to that of “living assemblages” of the present assemblage type from
the Iwamura Group, indicating small scale mixing of shells after death. In
addition to species found at these localities, several species not recovered from
them were collected at locality 17. Characteristic elements of such assemblage
types as the Macoma-Lucinoma, the Chlamys iwamurensis, the Crassostrea gigas
and the Twurritella-Lucinoma are represented in them. Shells at this locality
may have undergone larger scale post mortem mixing.
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Macoma-Lucinoma assemblage
Occurrence : — localities 28, 29.

Neilonella-Periploma assemblage

Occurrence : — locality 33.

The assemblage from the above locality is identified with the present
assemblage. A few individuals of Neilonella isensis SHIBATA, Yoldia cfr. similis
Kuropa and HaABE and Perilpoma mitsuganoense are articulated, indicating small
scale sedimentary transport of shells. The assemblage from locality 32 resembles
this assemblage, but differs from the latter in the presence of Acilana tokunaga:.
It is regarded as an intermediate assemblage between the Aci/ana and the present
assemblage. The assemblages from localities 30 and 31 are mixtures of elements
of the present assemblage and those of near shore shallow sea assemblages.
Shells of the former are mostly whole at the two localities. A part of Neiwonella
isensis and Lucinoma acutilineatum occur with both valves intact at locality 30.
Shell breakage of the latter is high at both the localities in contrast with them.
This is indicative of small movement of shells of the former in comparison with
those of the latter. These assemblages were probably accumulated in a deep sea

environment as indicated by the present assemblage type.

Yamagasu Group

The Yamagasu
Group is exposed in ottt :
and around Soni-mura
in Nara Prefecture.
Suipa and others (1960)

have described the stra-

A
AMAGATAKE

tigraphy of the above et
area, and have reported et
some marine molluscs IeAH1 s

e Y NAKATARD (BORASAN

from the Group. I
Kurosoyama

made collections of

; SONI=GANA
molluscs from eight 0 I 2km

localities (Fig. 10). A -
checklist by locality is Fig. 10. Index map showing collecting localities in

given in Table 7 the Yamagasu Group. For precise locations, see text.

Localities

Locality 1; stream bed of a brooklet 200 meters north of Sanochi, Misugi-mura,
Mie Prefecture. Granule size conglomerate of the Igami Sandstone.
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Locality 2; cliff along a paddy field 30 meters south of the preceding locality,
Misugi-mura, Mie Prefecture. Medium-grained sandstone of the Igami Sandstone.

Locality 3; bank of a brooklet 500 meters east of Igami Soni-mura, Nara
Prefecture. Medium-grained sandstone of the Igami Sandstone.

Locality 4; cliff along a brook 1000 meters northeast of Igami, Soni-mura,
Nara Prefecture. Medium-grained sandstone of the Igami Sandstone.

Locality 5; bank of the Soni-gawa 400 meters southwest of Igami, Soni-mura,
Nara Prefecture. Fine-grained sandstone of the Igami Sandstone.

Locality 6; cliff about 1000 meters west of Hirose, Misugi-mura, Mié
Prefecture. Fine-grained sandstone of the Igami Sandstone.

Locality 7; stream bed of a rill about 1000 meters southwest of the Sakura
Pass, Aoyama-cho, Mié Prefecture. Fine-grained sandstone of the Nakataro
Mudstone.

Locality 8; cliff 20 meters east of the preceding locality, Aoyama-cho, Mié

Prefecture. Fine-grained sandstone of the Nakataro Mudstone.
Molluscan assemblages

Macoma-Liuicinoma assemblage

Occurrence : — localities 1, 2, 4—6.

The assemblages from localities 1 and 4 resemble the typical Macoma-Lucinoma
assemblages in many respects. The assemblage from locality 2 differs from the
latter in the abundance of Turritella sp. and Turritella ichishiensis SHIBATA.
Turritella sp. is not known outside of this area. Most of the other constituent
species occur widely in assemblages of the present type. For this reason it is
regarded as a vriation of the present assemblage. The collection from locality 5
consists of numerous shells of benthic mollusks and a single shell of a planktonic
mollusk, FEuclio balantium (Ranc). The latter appears to have lived quite
independently of the former. Therefore they are treated separately. The assemblage
of benthic shells resembles the assemblage from locality 2, and may be within
variations of the present assemblage. Euclio balantium is a characteristic element
of the Vaginella assemblage. The shell suggests the occurrence of the Vaginella
assemblage in the past sea of this area. The assemblage from locality 6 consists
principally of Yoldia sagittaria, which generally occurs in assemblages of such
types as the Acilana, the Malletia-Nuculana and the Macoma-Lucinoma as
a minor element. Among the principal subordinate components are Lucinoma
acutilineatum and Macoma izurensis, This assemblage may also fall within
variations of the Macoma-Lucinoma assemblage.

Articulated shells were frequently encountered at localities 2, 4, 5 and 6. This
may be taken as evidence for no or little transportation of shells at these
localities after death and before burial. The ratio of articulated to disarticulated

shells, however, varies remarkably with taxa at locality 2. For example, Cyclocardia
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Table 7. List of mollusks from the Yamagasu Group.

73

1 Localities
Species e

S|

Acila submirabilis MAKIY AMA
Acila (Truncacila) sp.
Ennucula sp.
Malletia inermis
Neilonella sp.
Nuculana pennula (YOKOYAMA)
Yoidia sagittaria YOKOYAMA
Portlandia watasei (KANEHARA)
Acilana tokunagai (YOKOYAMA)
Barbatia sp.
Glycymeris iRebei
Crenella sp.
Solamen fornicatum (YOKOYAMA)
Modiolus cfr. yasuhiroi KAMADA
Chlamys sp.
Cyclocardia siogamensis
Cyclocardia sp.
Lucinoma acutilineatum (CONRAD)
Clinocardium andoi ITOIGAWA and SHIBATA
Nemocardium sp.

Liocyma minula NOMURA and ZINBO
Macoma izurensis (YOKOYAMA)

Macoma optiva (YOKOYAMA)

Cultellus izumoensis YOKOYAMA

Panomya simotomensis OTUKA

Pandorella cfr. otukai HABE

Periploma mitsuganoense ARAKI

(YOKOYAMA)

ITOIGAWA and SHIBATA

(NOMURA)

Fissidentalium sp.
Laevidentalium ? sp.
Puncturella mitsuganoensis SHIBATA
Ginebis cfr. osawanoensis (TSUDA)
Turritella ichishiensis SHIBATA
Turritella sagai KOTAKA

Turritella sp.

Orectospira ichishiensis SHIBATA
Batillaria sp.

Euspira meisensis MAKIYAMA
Tectonatica ichishiana SHIBATA
Trophonopsis sp. 1

T'rophonopsis sp. 2

Auncistrolepis togariensis NARUSE
Neptunea sp.

Musashia miensis (ARAKI)
“Psephaca” ? yanagidaniensis (ARAKI)
Riuguhdrillia oyamae KAMADA
Eoscaphander corpulenta (YOKOYAMA)
Euclio balantium (RANG)
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A : more than 25 specimens C : 10-25 specimens

F : 5-10 specimens R : less than 5 specimens
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stogamensis, Lucinoma acutilineatum and Macoma izurensis show high articulation
ratios, but all shells of Barbatia sp. and Glycymeris ikebei are disarticulated. This
may indicate that shells were subjected to post mortem mixing. No articulated
shells were found at locality 1, indicating greater sedimentary transport.

Malletia-Nuculana assemblage

Occurrence : - locality 3.

The assemblage from this locality may be referred to the Malletia-Nuculana
assemblage on the basis of the presence of Malletia inermis.

Acilana assemblage

Occurrence : - localities 7, 8.

The assemblages from the above localities may be referred to the Aciana
assemblage on the basis of the fair abundance of Acilana tokunagai. Both the
assemblages, however, include a number of species which are not or are rarely
distributed in assemblages of this type from other areas, and a few of such
species play an important role in them. The majority of shells are whole, and
bivalves frequently occur with both valves attached at both the localities,
indicating no or little movement of shells after death. Most of species not or
rarely represented in Acilana assemblages from other areas occur widely in
Macoma-Lucinoma or Malletia-Nuculana assemblages. This suggests that these
assemblages lived at somewhat smaller depths than the Aci/lana assemblages from
the other areas.

Tsuzuki Group

Itoicawa (1956) described four assemblages from the Tsuzuki Group in
Ujitawara-cho, Kyoto Prefecture. They are as follows, the Nipponomarcia,
the  Felaniella-Dosinia,

the Lucinoma-Acila and 3 E
the Protorotella- Anadara DKUYAHADA-GANA
. Oruky
assemblage. The Nippono- EENR HN\
marcia assemblage inclu- 5 4
e IsHi20ME- mwa 33—‘:2? k'—aﬁ 3
des three subassemblages, -1 KAvARURA" el
: : 1|18 Mwmuna - 10
the Nipponomarcia, the “_. 1 r e ST
15
“Ostrea’-Cerithium and la? T—u p | I =
4
the Ostrea (Crassostrea)- N_J i; )
%
Balanus. I collected wJ ] 0 Tkm
l.:i
2
molluscan fossils from
more than 40 localities Fig. 11. Index map showing collecting localities in

(Fig. 11). A detailed the Tsuzuki Group. For precise locations, see text.
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analysis of molluscan assemblages was made on the basis of the collections.
Faunal content of each locality is shown in Table 8 Stratigraphic description
of the Group has been given by IsHipDA and others (1954).

Localities

Locality 1; small exposure 150 meters west of Chayamura, Ujitawara-cho.
Fine-grained sandstone of the Kaya Mudstone.

Locality 2-1; stream bed of the Sato-gawa 200 meters southeast of Kayamura,
Ujitawara-cho. Medium-grained sandstone of the Kaya Mudstone.

Locality 2-2; medium-grained sandstone of the Kaya Mudstone subjacent to
the above medium-grained sandstone at the same locality.

Locality 3-1; cutting of the road leading from Gonokuchi to Asamiya 50
meters west of the Okuyamada Tunnel, Ujitawara-cho. Mudstone of the Kaya
Mudstone.

Locality 3-2; medium-grained sandstone of the Kaya Mudstone 2 meters
below the preceding point.

Locality 3-3; coarse-grained sandstone of the Kaya Mudstone 1 meter below
the preceding point.

Locality 4; bank of the Shiodani-gawa 350 meters southeast of Ishizume,
Ujitawara-cho. Fine-grained sandstone of the Kaya Mudstone.

Locality 5; cutting of the road running from Gonokuchi to Asamiya 10
meters northeast of the Ofuku Tunnel, Ujitawara-cho. Medium-grained sandstone
of the Kawakami Conglomerate.

Locality 6-1; road-cut 30 meters west of the Ofuku Tunnel, Ujitawara-cho.
Medium-grained sandstone of the Miyamura Sandstone.

Locality 6-2; granule size conglomerate of the Miyamura Sandstone 2 meters
below the preceding point.

Locality 7-1; bank of the Sato-gawa 200 meters northwest of Kayamura,
Ujitawara-cho. Medium-grained sandstone of the Kaya Mudstone.

Locality 7-2; granule size conglomerate of the Kaya Mudstone subjacent to
the above medium-grained sandstone at the same locality.

Locality 8; cutting of the road leading from Gonokuchi to Asamiya 500
meters west of the Urajiro Pass, Ujitawara-cho. Coarse-grained sandstone of the
Miyamura Sandstone.

Locality 9; stream bed of the Okuyamada-gawa 450 meters northwest of
Kayamura, Ujitawara-cho. Fine-grained sandstone of the Miyamura Sandstone.

Locality 10; road-cut 120 meters southwest of locality 8, Ujitawara-cho.
Fine-grained sandstone of the Kaya Mudstone.

Locality 11; stream bed of the Okuyamada-gawa 4 meters south of the locality
9, Ujitawara-cho. Granule size conglomerate of the Miyamura Sandstone.

Locality 12; road-cut 400 meters southeast of the Ofuku Tunnel, Ujitawara-
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cho. Medium-grained sandstone of the Kaya Mudstone.

Locality 13-1; road-cut 10 meters northwest of locality 4, Ujitawara-cho.
Medium-grained sandstone of the Kaya Mudstone.

Locality 13-2; coarse-grained sandstone of the Kaya Mudstone subjacent to
the above medium-grained sandstone at the same locality.

Locality 14; small exposure at the entrance of Miyamura, Ujitawara-cho.
Pebble size conglomerate of the Shiodani Sandstone.

Locality 15; stream bed of the Okuyamada-gawa 130 meters southeast of the
preceding locality, Ujitawara-cho. Pebble size conglomerate of the Shiodani
Sandstone.

Locality 16; road-cut 600 meters east of Ishizume, Ujitawara-cho. Medium-
grained sandstone of the Shiodani Sandstone.

Locality 17; road-cut 20 meters west of the preceding locality, Ujitawara-cho.
Medium-grained sandstone of the Shiodani Sandstone.

Locality 18; road-cut 70 meters west of the preceding locality, Ujitawara-cho.
Medium-grained sandstone of the Shiodani Sandstone.

Locality 19; floor of the Shiodani-gawa 450 meters northwest of Ishizume,
Ujitawara-cho. Pebble size conglomerate of the Shiodani Sandstone.

Locality 20; floor of the Shiodani-gawa 5 meters northwest of the preceding
locality, Ujitawara-cho. Medium-grained sandstone of the Shiodani Sandstone.

Locality 21; stream bed of the Shiodani-gawa 50 meters northwest of the
preceding locality, Ujitawara-cho. Medium-grained sandstone of the Shiodani
Sandstone.

Locality 22; road-cut 500 meters south of the Ofuku Tunnel, Ujitawara-cho.
Medium-grained sandstone of the Shiodani Sandstone.

Locality 23; road-cut 30 meters west of locality 18, Ujitawara-cho. Fine-
grained sandstone of the Shiodani Sandstone.

Locality 24; cliff 400 meters east of Ishizume, Ujitawara-cho. Medium-grained
sandstone of the Shiodani Sandstone.

Locality 25; road-cut 4 meters south of the preceding locality, Ujitawara-cho.
Medium-grained sandstone of the Shiodani Sandstone.

Locality 26; stream bed of the Shiodani-gawa 15 meters northwest of locality
20, Ujitawara-cho. Pebble size conglomerate of the Shiodani Sandstone.

Locality 27; stream bed of the Shiodani-gawa 3 meters southeast of locality
19. Ujitawara-cho. Pebble size conglomerate of the Shiodani Sandstone.

Locality 28; floor of the Sato-gawa 350 meters southeast of Kayamura,
Ujitawara-cho. Cobble size conglomerate of the Shiodani Sandstone.

Locality 29; floor of the Sato-gawa 30 meters northwest of the preceding
locality, Ujitawara-cho. Pebble size conglomerate of the Shiodani Sandstone.

Locality 30; road-cut 120 meters east of the Okuyamada Tunnel, Ujitawara-
cho. Medium-grained sandstone of the Kaya Mudstone.

Locality 31-1; road-cut 350 meters south of the Ofuku Tunnel, Ujitawara-cho.
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Mudstone of the Kaya Mudstone.

Locality 31-2; medium-grained sandstone of the Kaya Mudstone subjacent to
the above mudstone at the same locality.

Locality 32; road-cut 250 meters east of the Ofuku Tunnel, Ujitawara-cho.
Granule size conglomerate of the Kaya Mudstone.

Locality 33; road-cut 250 meters south of the Ofuku Tunnel, Ujitawara-cho.
Coarse-grained sandstone of the Kaya Mudstone.

Locality 34; road-cut 20 meters east of locality 32, Ujitawara-cho. Coarse-
grained sandstone of the Kaya Mudstone.

Locality 35; road-cut 50 meters southwest of locality 8, Ujitawara-cho. Fine-
grained sandstone of the Kaya Mudstone.

Locality 36; stream bed of a brooklet 100 meters north of Kayamura,
Ujitawara-cho. Mudstone of the Kaya Mudstone.

Locality 37; road-cut 400 meters east of the Ofuku Tunnel, Ujitawara-cho.
Mudstone of the Kaya Mudstone.

Locality 38; road-cut 5 meters north of locality 33, Ujitawara-cho. Mudstone
of the Kaya Mudstone.

Locality 39; road-cut 40 meters northwest of Ishizume, Ujitawara-cho. Fine-
grained sandstone of the Kaya Mudstone.

Locality 40; road-cut 10 meters southeast of the preceding locality, Ujitawara-
cho. Fine-grained sandstone of the Kaya Mudstone.

Locality 41; road-cut 20 meters southeast of the preceding locality, Ujitawara-
cho. Fine-grained sandstone of the Kaya Mudstone.

Locality 42; road-cut 50 meters west of Ishizume, Ujitawara-cho. Mudstone of
the Kaya Mudstone.

Locality 43; road-cut 70 meters west of locality 17, Ujitawara-cho. Pebble size
conglomerate of the Shiodani Sandstone.

Molluscan assemblages

All or the greater part of shells of bivalves occur with both valves isolated
at every fossil locality. Fossil assemblages from all the fossil localities are
considered “death assemblages”. Nine fundamental assemblage types including
four types not described earlier are represented in them.

Crassostrea gigas assemblage
Occurrence : - localities 1, 2-2, 3-3, 4.

Proclava assemblage

Occurrence : - localities 2-1, 5, 6-2, 7-2.

The assemblages from the above localities differ from one another in faunal
content to some degree, but they are characterized by Proclava ancisa (YOKOYAMA)

or the species and Proclavae otukai in abundance. They are regarded as variations
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Table 8. Checklist of molluscan species from the Tsuzuki Group

A: more than 25 specimens C: 10-25 specimens
lLocalities 9 9 3 3 3 6 6 7 ?

Species 121234512128 01011
Acila submirabilis MAKIYAMA | — — — — — — — B — o
Acila (Truncacila) sp. i e e — e s — — — == — = o
Saccella miensis (ARAKI) — — — C - - — A — - — — R —
Anadara abdita MAKIYAMA —_—— — — — = - —— - = = = — -
Glycymeris ikebei ITOIGAWA and SHIBATA | — — — — — Re="= R == o= = = — = = =
Glycymeris sp. —— e = = = e == = - =
Patinopecten egregius (ITOIGAWA) | — — — — — e -
Anomia chinensis (PurLippr) - | —— — — — — — — — — — RSt = =
Crassostrea gigas (THUNBERG) C—C——CA——————= = = = =
S0srediTspl!! Jaandl W) sl o) feasoemiisie F—-—F—-€C—-———=CF
Cyclocardia siogamensis (NOMURA) | — — — — — — — — R—— — — — = — —
Felaniella usta (GouLD) | —— — — — — — — — — — Fssilzusmll =
Lucinoma acutilineaium (CONRAD) " ——C—-——=—RR~——— —
Clinocardium andoi ITOIGAWA and SHIBATA | — — — — — — — — Rigsin' <= v plasnt— =
Collistasps, = | memimad s wE Seaae R —— —.—
Phacosoma kawagensis (ARak;) | — — — — — — — R s R ey oo g = R
Phacosoma nomurai (OTUKA) == o= = A e = = O e e (P e e [
Ruditapes miyamurensis (ITOIGAWA) = R = e e R—-R—-—F—-———TFF
Nipponomarcia nakamurai IKEBE | — — — — — — — FRFAFAAAAA
Macoma izurensis (Yokoyama) | ———— — — — — — — — — — — — - —
Macoma optiva (YOKOYAMA) | — — — — — — — — — — — — — — — — —
Cultellus izumoensis YOKOYAMA e B — e e e — =R — = = = =
Periploma sp. ST R SRS S R R TESS
Laevidentalium ? sp. | —— — — — — — — R = — =2t
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of the Proclava assemblage. The assemblages from localities 5, 6-2 and 7-2 are
mixtures of hard substrate, sessil bivalves, soft substrate, burrowing bivalves and
soft substrate, crawling gastropods. The assemblage from locality 2-1 consists of
some of the soft substrate dwelling bivalves and gastropods represented in them.
Some of these molluscs are inhabitants of protected waters between high tide mark
and several or 10 meters, and some are those of a protected coastal environment
of shallow subtidal depth. The assemblages from localities 11 and 12 are regarded
as mixed assemblages consisting principally of elements of the Nipponomarcia
and the present assemblage.

Nipponomarcia assemblage
Occurrence : - localities 7-1, 8—10.

Protorotella yuantaniensis assemblage

Occurrence : - localities 13-2, 14—21.

The assemblages from the above localities are characterized by extreme
dominance of Proforotella yuantaniensis MAKIYAMA. Anadara abdita MAKIYAMA,
Glycymeris ikebei, Phacosoma nomurai, Ruditapes miyamurensis (ITOIGAWA),
Callista sp., Turritella sagai and Euspira meisensis are represented in their
subsidiary components. All these species are sand bottom dwelling forms, and
most of them seem to have lived in embayed waters less than 10 meters deep.
This suggests that Proforotella yuantaniensis thrived on sands within the above
depth range in sheltered areas, and the species seems to be similar to Protorotella
depressa, the principal component of the Proforotella depressa assemblage in
paleoecology. The species and Nipponomarcia nakemurai frequently co-occur as
Protorotella depressa and the latter do in the Iwamura and the Mizunami Group.
Both the species occur in high density at localities 22 to 26. The assemblages
from these localities are regarded as mixed assemblages consisting of the present
and the Nipponomarcia assemblage.

Ruditapes miyamurensis assemblage

Occurrence : — locality 27.

The assemblage from the above locality consists principally of Ruditapes
miyamurensis, forming a distinctive assemblage type. Nipponomarcia nakamurai
and Protorotella yuantaniensis are the subordinate components. Modern species
belonging to Ruditapes are common on intertidal pebble bearing sands in
protected embayments. Ruditapes mivamurensis may have lived in a similar
environment to them. This is supported by 1) the subordinate components are
inhabitants of a protected environment of intertidal or very shallow subtidal
depth, and 2) the species shows widespread distribution in protected very shallow
marine water assemblages as a minor element.
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Anadara assemblage

Occurrence : - localities 28, 29.

The assemblages from these localities are characterized by the abundance of
Anadara abdita. This species is considered a sand or sandy mud substrate,
burrowing bivalve, and seems to have lived in protected waters less than 20
meters deep on the basis of ecological information on related living forms. Most
of the remaining components of both the assemblages are inhabitants of similar
environmental conditions, but Amomia chinensis in the assemblage from locality
98 and Crassostrea gigas and Calyptraea tubura in the assemblage from locality
29 are inhabitants of protected rocky shores.

Phacosoma nomurai assemblage

Occurrence : - localities 3-2, 13-1, 30, 31-2.

This assemblage type is defined by the predominance of Phacosoma nomura:.
This species is considered a sand substrate, burrowing bivalve, and seems to have
thrived in embayed waters shallower than 20 meters on the basis of the ecology
of living allies mentioned earlier. It seems to resemble generally Phacosoma
kawagensis, the principal component of the Phacosoma kawagensis assemblage in
habit and habitat. The former, however, seems to have a preference for slightly
deeper water than the latter. Widespread distribution of the former in shallow
subtidal assemblages like Saccella and Felaniella assemblages and rare occurrence
of the latter in such assemblages is the basis for the assumption. The assemblage
from locality 34 is regarded as a compound assemblage of the present and
the Felaniella assemblage.

Felaniella assemblage
Occurrence : - localities 32, 33.

Saccella assemblage

Occurrence : - localities 3-1, 31-1, 35—42.

The assemblages from the above localities are referred to the Saccella
assemblage on the basis of the predominance of Saccella miensis. The absence or
scarcity of Cyclocardia siogamensis is a particular characteristic of them. The
assemblage from locality 6-1 is regarded as a mixture of the present and
the Phacosoma nomurai assemblge, and the assemblage from locality 43 is a mixed
assemblage consisting of the present and the Proforotella yuantaniensis assemblage.

Suzuka Group

The Suzuka Group outcrops in the Seki and the Kabuto basin in Mié Prefecture.
Suzuki, Hosono and Kuso (1948) have reported three marine water mollusks
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from the Himetani Formation occupying the uppermost part of the Group. ARAKI
and KiTAMURA (1963) have recorded 23 taxa of marine water mollusks from the
same Formation. I collected molluscan fossils from the Formation at four
localities which occur geographically and stratigraphically close to one another.
Collections from three stratigraphically lower points consist simply of Geloina sp.
or overwhelmingly predominated by the species. On the other hand, a collection
from the uppermost point is composed of diversified taxa.

Localities

Locality 1; stream bed of a brooklet 2 kilometers southwest of Kusuhara,
Geino-cho. Mudstone of the Himetani Formation.

Locality 2; bank of the brooklet 10 meters west of the preceding locality,
Geino-cho. Mudstone of the Himetani Formation.

Locality 3; stream bed of the brooklet 20 meters west of the preceding
locality, Geino-cho. Mudstone of the Himetani Formation.

Locality 4; stream bed of the brooklet 50 meters west of the preceding
locality, Geino-cho. Medium-grained sandstone of the Himetani Formation.

Molluscan assemblages

Geloina assemblage

Occurrence : - localities 1-3.

A dense aggregation of Geloina sp. occurs at the above localities. At locality
3 a single shell of Modio/us sp. was found to occur associated with Geloina sp.
No assemblages comparable to them have been known from the Miocene of the
eastern part of the Setouchi geologic province.

A large part of shells from these localities are articulated, indicating no or
little transportation of remains after death. Living species of Geloina are common
on muds in mangrove swamps in tropical regions. These assemblages seem to
represent a past community of a swampy environment like the environment
indicated by modern Geloina.

Katelysia assemblage

Occurrence : - locality 4.

Striarca sp., Anomia chinensis, Katelysia sp. and Solen sp. are fairly common
at the above locality. Associated with them the following taxa occur sparsely;
Anadara sp., Glycymeris sp., Geloina sp., Pitar sp., Cyclina cfr. japonica,
Anomalocardia (Anomalodiscus) sp., Macoma sp., Cultellus izumoensis, Hiatula
cfr. minoensis, Batillavia sp., Calyptraca cfr. tubura, Cypraccassis sp. and
Siphonalia sp. More than half of taxa from this locality have been unknown
outside of the present area. Articulated shells were rarely encountered, indicating
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sedimentary transport and deposition of remains.

The constituent species are classified into three groups concerning their life
mode and favorable bottom texture; soft substrate, burrowing forms, soft
substrate, crawling forms and hard substrate, sessil forms. Some of these species
are considered inhabitants of a coastal environment of intertidal or very shallow
subtidal depth; others are those of shallow estuarine water. Such species as
Geloina sp., Katelysia sp. and Cypraecassis seem to be good indicators of a warm
thermal condition. Inhabitants of sands in a protected coastal environment of
intertidal or very shallow subtidal depth are predominant in numbers of both
species and individuals. This assemblage seems to be a mixture of shells from
various substrates in a protected very shallow water environment in a warm

region and those from a shallow estuarine environment near it.

Yamabe Group

SuipA and SHiBATA (1968) includes a description of the stratigraphy of the
Yamabe Group in and around Tsuge-mura, Nara Prefecture and a list of molluscs
collected from four localities in the Group. Two additional fossiliferous exposures
were recovered after the publication of the above paper. Locations, lithology and
stratigraphic positions of them are as follows: locality S4; small exposure on the
south slope of Kaigahira-yama 100 meters north of locality Sl of SuipA and
SHIBATA, Sakurai City; fine-grained sandstone of the Sotonohashi Mudstone, and
locality S5; road-cut on the north slope of Tsugeno-dake about 600 meters
southeast of Minaminosho, Tsuge-mura; fine-grained sandstone of the Sotonohashi
Mudstone. Shells occur clumped at locality S4, being represented mostly by
Macoma izurensis and sparsely by Lucinoma acutilinealum and Macoma optiva.
Lucinoma acutilineatum and Macoma izurensis occur sporadically at locality S5.
A considerable part of shells occur with both valves attached at both the
localities, indicating no or little sedimentary transport of remains.

An analysis for types of molluscan assemblage was made on the basis of
collections from these localities and the previously reported localities. Locations
and faunal content of the latter are given in SHIIDA and SHIBATA.

Molluscan assemblages

Macoma-Lucinoma assemblage

Occurrence : - localities S1—S5.

The assemblages from localities S1 and S3 to S5 are referred to the present
type on the basis of the predominance of Macoma izurensis or Macoma optiva.
The assemblage of benthic mollusks from locality S2 also is identified with this
assemblage type. It includes characteristic elements of the Saccella and the Malletia-
Nuculana assemblage, though such species play only a minor role. The benthic
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mollusk assemblage from locality K1 is considered a mixture of several
assemblage types. Characteristic elements of the Crassostrea gigas, the Chlamys
iwamurensis, the Phacosoma kawagensis, the Turritella-Lucinoma and the
Macoma-Lucinoma assemblage are represented in it. A part of shells are broken,
and all shells of pelecypods are disarticulated, indicating large scale post mortem
movement of shells.

Cavolinia sp. assemblage

Occurrence : - localities K1, S2.

Cavolinia sp., a thecosomatous pteropod occurs in fairly high density at
locality S2 and very sparsely at locality K1, forming a distinctive assemblage
type. The species is considered a warm water, epipelagic form (SHIBATA, 1977a).
This assemblage type seems to reflect a past epipelagic community in warm

water regions.

Ayugawa Group

Marine mollusks are common in the Ayugawa Group exposed in and around
Tsuchiyama-cho, Shiga Prefecture. The only previous study of the molluscan
fauna of the Group is an outline of it by IkgBe (1934). I made an analysis for
molluscan assemblages based on collections of mollusks from more than 60

o \. JJ
%’" 3\5-, \\//J \f\Ayuguwa/
% ,n:e,f'/y
{ (, ( Yusu gawa /
™ \ & 41
/ ) E ™~ E
7 & N I %
/e T M “ 16- el 43
LA A ?
g s - 4 il
Tongu LQ/ C(’ Vs \
s 11— /
Y ) / 15 5
= = 25 M N Kurotaki
| Ll n—3 "
432'(:: L s 26 .. /*.; 16
\ X *
- \;k : 3 l T \
Osawa-gawa / *T, 98 2‘4 10 19

\ N SAagpen {g zu
18- 56
Sosoro-gawa, L\*J
( { Miyano-gawa v’("~ Akeblharo
{ 5 %90 T
! Yamanaka-gawa 57" ot gy
) Karatogawa 1T T o 50
/ o a1
. ) 15— ¢ 50 | D
(:\V\,‘ \ g ‘ 315 / T 58
‘ { @ S T TR A \
& ; | @5 . r 31 34 ; }\\ S
A gy / . \
wo orw y
59 - ==l ] 0 1 2 km
61 r L 60 = t

Fig. 12. Index map showing collecting localities in

the Ayugawa Group. For precise locations, see text.




Molluscan Paleoecology of the Miocene First Setouchi Series 85

localities (Fig. 12) in the Group. As a result ten basic assemblage types of
benthic mollusks and one basic assemblage type of planktonic mollusks were
recognized. Information on the stratigraphy of the Group is given by IKEBE (1934).

Localities

Locality 1; stream bed of the Sakajiri-gawa about 1000 meters south of
Ayugawa, Tsuchiyama-cho. Mudstone of the Kaminodaira Sandstone and
Mudstone.

Locality 2; small exposure 700 meters south of Ayugawa, Tsuchiyama-cho.
Coarse-grained sandstone of the Kaminodaira Sandstone and Mudstone.

Locality 3; river cliff of the Tamura-gawa 10 meters northeast of Nakamura-

bashi, Nakanomura, Tsuchiyama-cho. Fine-grained sandstone of the Sendani
Sandstone and Mudstone.

Locality 4; road-cut 750 meters northwest of Osawa, Koga-cho. Medium-
grained sandstone of the Kaminodaira Sandstone and Mudstone.

Locality 5; floor of the Sosoro-gawa at Akebihara, Tsuchiyama-cho. Medium-
grained sandstone of the Akebihara Sandstone.

Locality 6; cutting of the road leading from Kaminodaira to Ayugawa 2
kilometers south of Ayugawa, Tsuchiyama-cho. Coarse-grained sandstone of the
Kaminodaira Sandstone and Mudstone.

Locality 7; cliff along a brooklet 250 meters southeast of Nakahata-bashi,
Ayugawa, Tsuchiyama-cho. Coarse-grained sandstone of the Kaminodaira
Sandstone and Mudstone.

Locality 8; road side cliff 20 meters northwest of locality 1, Tsuchiyama-cho.
Medium-grained sandstone of the Kaminodaira Sandstone and Mudstone.

Locality 9; road side cliff approximately 2 kilometers southwest of Ayugawa,
Tsuchiyama-cho. Muddy sandstone of the Kaminodaira Sandstone and Mudstone.

Locality 10; small exposure 600 meters south of Kurotaki, Tsuchiyama-cho.
Medium-grained sandstone of the Kaminodaira Sandstone and Mudstone.

Locality 11; cliff along a brooklet 5 meters west of Nakahata-bashi, Ayugawa,
Tsuchiyama-cho. Medium-grained sandstone of the Kaminodaira Sandstone and
Mudstone.

Locality 12; cliff along a rill 50 meters southeast of the preceding locality,
Tsuchiyama-cho. Medium-grained sandstone of the Kaminodaira Sandstone and
Mudstone.

Locality 13; cutting of the road leading from Kaminodaira to Ayugawa 250
meters south of locality 11, Tsuchiyama-cho. Medium-grained sandstone oi the
Kaminodaira Sandstone and Mudstone.

Locality 14; road cutting 10 meters west of locality 6, Tsuchiyama-cho.
Medium-grained sandstone of the Kaminodaira Sandstone and Mudstone.

Locality 15; stream bed of a rill 550 meters east of Karatogawa, Koga-cho.
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Medium-grained sandstone of the Takidani Sandstone.

Locality 16; cliff along the rill 5 meters southeast of locality 12, Tsuchiyama-
cho. Coarse-grained sandstone of the Kaminodaira Sandstone and Mudstone.

Locality 17; small exposure 100 meters northeast of Tongu, Tsuchiyama-cho.
Coarse-grained sandstone of the Kaminodaira Sandstone and Mudstone.

Locality 18; bank of the Sosoro-gawa at the foot of Ohira-bashi 300 meters
west of Akebihara, Tsuchiyama-cho. Medium-grained sandstone of the Akebihara
Sandstone and Mudstone.

Locality 19; stream bed of a brooklet 1000 meters northeast of Akebihara,
Tsuchiyama-cho. Medium-grained sandstone of the Akebihara Sandstone.

Locality 20; bank of the Sosoro-gawa 30 meters south of the shrine at
Akebihara, Tsuchiyama-cho. Medium-grained sandstone of the Akebihara
Sandstone.

Locality 21; cliff 150 meters east of Tongu, Tsuchiyama-cho. Coarse-grained
sandstone of the Kaminodaira Sandstone and Mudstone.

Locality 22; exposure 150 meters northeast of Tongu, Tsuchiyama-cho.
Coarse-grained sandstone of the Kaminodaira Sandstone and Mudstone.

Locality 23; floor of the Kurotaki-gawa 250 meters south of Kurotaki,
Tsuchiyama-cho. Fine-grained sandstone of the Kaminodaira Sandstone and
Mudstone.

Locality 24; bank of 'the Kurotaki-gawa 800 meters southwest of Kurotaki,
Tsuchiyama-cho. Fine-grained sandstone of the Kaminodaira Sandstone and
Mudstone.

Locality 25; small exposure 250 meters northwest of Hirako-bashi,
Kaminodaira, Tsuchiyama-cho. Fine-grained sandstone of the Sendani Sandstone
and Mudstone.

Locality 26; small exposure 120 meters northeast of Hirako-bashi,
Kaminodaira, Tsuchiyama-cho. Fine-grained sandstone of the Sendani Sandstone
and Mudstone.

Locality 27; bank of the Tamura-gawa at Kurokawa, Tsuchiyama-cho.
Mudstone of the Sendani Sandstone and Mudstone.

Locality 28; cliff 30 meters east of the preceding locality, Tsuchiyama-cho.
Fine-grained sandstone of the Sendani Sandstone and Mudstone.

Locality 29; cliff 100 meters north of Ichiba, Tsuchiyama-cho. Fine-grained
sandstone of the Sendani Sandstone and Mudstone.

Locality 30; bank of a brook 1000 meters northeast of Ichiba, Tsuchiyama-cho.
Mudstone of the Kaminodaira Sandstone and Mudstone.

Locality 31; small exposure 700 meters northwest of Osawa, Tsuchiyama-cho.
Medium-grained sandstone of the Sendani Sandstone and Mudstone.

Locality 32; bank of the Osawa-gawa 150 meters southeast of the preceding
locality, Tsuchiyama-cho. Fine-grained sandstone of the Sendani Sandstone and
Mudstone.
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Locality 33; bank of a tributary of the Yamanakagawa 700 meters southwest
of Yamanaka, Tsuchiyama-cho. Mudstone of the Sendani Sandstone and
Mudstone.

Locality 34; small exposure 200 meters southeast of Yamanaka, Tsuchiyama-
cho. Mudstone of the Kaminodaira Sandstone and Mudstone.

Locality 35; bank of a branch of the Miyano-gawa 500 meters northeast of
Takidani, Koga-cho. Mudstone of the Takidani Sandstone.

Locality 36; floor of a rill 250 meters northeast of the preceding locality,
Koga-cho. Mudstone of the Takidani Sandstone.

Locality 37; bank of the rill 40 meters southwest of the preceding locality,
Koga-cho. Mudstone of the Takidani Sandstone.

Locality 38; bank of the rill 10 meters southwest of the preceding locality,
Koga-cho. Mudstone of the Takidani Sandstone.

Locality 39; floor of the Miyano-gawa 360 meters south of Takidani, Koga-cho.
Mudstone of the Takidani sandstone.

Locality 40; floor of the Miyano-gawa 20 meters south of the preceding
locality, Koga-cho. Fine-grained sandstone of the Takidani Sandstone.

Locality 41; road-cut 60 meters southeast of locality 1, Tsuchiyama-cho.
Medium-grained sandstone of the Akebihara Sandstone.

Locality 42; small exposure along a rill 250 meters southeast of Nakahata-
bashi, Tsuchiyama-cho. Medium-grained sandstone of the Akebihara Sandstone.

Locality 43; floor of the rill 30 meters east of the preceding locality,
Tsuchiyama-cho. Medium-grained sandstone of the Akebihara Sandstone.

Locality 44; road cutting 370 meters northeast of Hirako-bashi, Tsuchiyama-
cho. Medium-grained sandstone of the Kaminodaira Sandstone and Mudstone.

Locality 45; floor of a brooklet 10 meters east of the preceding locality,
Tsuchiyama-cho. Medium-grained sandstone of the Kaminodaira Sandstone and
Mudstone.

Locality 46; bank of the Kurotaki-gawa 200 meters south of Kurotaki,
Tsuchiyama-cho. Pebble size conglomerate of the Kaminodaira Sandstone and
Mudstone.

Locality 47; bank of the Miyano-gawa 380 meters south of Takidani,
Koga-cho. Medium-grained sandstone of the Takidani Sandstone.

Locality 48; exposure 200 meters northwest of Ohira-bashi, Tsuchiyama-cho.
Medium-grained sandstone of the Akebihara Sandstone.

Locality 49; cutting of the road leading from Sosoro to Akebihara 450 meters
southeast of Sosoro, Tsuchiyama-cho. Medium-grained sandstone of the Akebihara
Sandstone.

Locality 50; road-cut 100 meters east of the preceding locality, Tsuchiyama-
cho. Mudstone of the Akebihara Sandstone.

Locality 51; road-cut 750 meters east of Sosoro, Tsuchiyama-cho. Mudstone
of the Akebihara Sandstone.
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Locality 52; bank of the Sosoro-gawa 120 meters southeast of the preceding
locality, Tsuchiyama-cho. Mudstone of the Akebihara Sandstone.

Locality 53; floor of the Sosoro-gawa 120 meters north of the preceding
locality, Tsuchiyama-cho. Fine-grained sandstone of the Akebihara Sandstone.

Locality 54; bank of the Sosoro-gawa 20 meters north of the preceding locality,
Tsuchiyama-cho. Mudstone of the Akebihara Sandstone.

Locality 55; bank of the Sosoro-gawa 50 meters north of the preceding
locality, Tsuchiyama-cho. Fine-grained sandstone of the Akebihara Sandstone.

Locality 56; bank of the Sosoro-gawa 20 meters south of locality 20,
Tsuchiyama-cho. Mudstone of the Akebihara Sandstone.

Locality 57; bank of the Sosoro-gawa 200 meters south of locality 52,
Tsuchiyama-cho. Fine-grained sandstone of the Akebihara sandstone.

Locality 58; bank of the Sosoro-gawa 120 meters southeast of the preceding
locality, Tsuchiyama-cho. Fine-grained sandstone of the Akebihara Sandstone.

Locality 59; floor of the Miyano-gawa 70 meters south of locality 22, Koga-
cho. Fine-grained sandstone of the Takidani Sandstone.

Locality 60; floor of the Miyano-gawa 8 meters south of the preceding
locality, Koga-cho. Mudstone of the Takidani Sandstone.

Locality 61; floor of the Miyano-gawa 3 meters south of the preceding
locality, Koga-cho. Mudstone of the Takidani Sandstone.

Locality 62; bank of the Sosoro-gawa 3 meters south of locality 56,
Tsuchiyama-cho. Medium-grained sandstone of the Akebihara Sandstone.

Locality 63; cliff along a brooklet 250 meters south of Akebihara, Tsuchiyama-
cho. Medium-grained sandstone of the Akebihara Sandstone.

Molluscan assemblages

Crassostrea gigas assemblage

Occurrence : - localities 1—5.

Crassostrea gigas occurs in high density at the above localities. Associated
with the species Amnomia chinensis and Modiolus nakamurai ItoicAwA and
SHIBATA occur very sparsely at locality 1. At locality 5 Gilycymeris ikebei and
Cyclina japonica occur rarely in association with it. The assemblages from these
localities are considered transported assemblages.

“Ostrea”’ sp. assemblage
Occurrence : - localities 6, 7.

“Ostrea” sp. and Siphonalia sp. were collected at locality 6. The former
occurs in very high density, but the latter is represented by a single specimen.
“Ostrea” sp. occurs scattered at locality 7 associated with very sparsely occurring
shells of Amnomia chinensis. The assemblages from these localities are considered
transported assemblages on the basis of the absence of articulated shells. They
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seem to reflect a past community of rocks between high and low tide marks or
at very shallow subtidal depths less than 10 meters in protected areas similar to
the environment the preceding assemblage type represents.

Cyclina-Vicarya assemblage

Occurrence : - localities 8-10.

Cyclina japonica and Vicarya yckoyamai occur sparsely at locality 8.
Associated with them Trapezium modiolaeforme, Phacosoma kawagensis, Vicaryella
bacula and Siphonalia makiyamai IToicAwA occur in lower density. shells are
mostly whole, and not worn or abraded, and a part of shells of bivalves are
articulated, indicating no or little post mortem transportation of remains. A few
of the species above mentioned including Vicarya yokoyamai occur very sparsely
at the other localities. The assemblages from these localities seem to represent
past communities of a shallow estuarine environment like the environment
indicated by the assemblage of the present type from the Iwamura Group.

Table 9. Checklist of molluscan species from localities 11 to 15 in the

Ayugawa Group. F:5-10 specimens R:less than 5 specimens

— SeliT el crar Tal S 11 12 13 U 15
Glycymeris ikebei ITOIGAWA and SHIBATA — — R R —
“Ostrea” sp. R = — — —
Trapezium modiolacforme OYAMA and SAKA — R — == =
Phacosoma kawagensis (ARAKI) = = R R R
Cyclina japonica KAMADA F F R F =
Mactra sp. — = — R =
Solen sp. — 3 T R =
Vicarya yokoyamai TAKEYAMA T R i Y E =
Vicaryella bacula (YOKOYAMA) F F F F R
Siphonalia makiyamai 1TOIGAWA R — Ty R —

Vicaryella bacula-Cyclina assemblage

Occurrence : - localities 11—15.

A checklist by locality for this assemblage is shown in Table 9. Shells are
mostly unbroken, and not worn at every locality. A few articulated shells of
Cyclina japonica and Mactra sp. were collected from locality 14, and a few
articulated individuals of the former were obtained at localities 11 and 12. Shells
at these localities seem to have undergone small scale post mortem movement.
The assemblages of this type seem to represent past communities of intertidal

muds or sands in estuaries.

Phacosoma kawagensis assemblage
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Occurrence : - localities 16—21.

Numerous shells of Phacosoma kawagensis occur clustering together at locality
19. No associated species were encountered. The species occurs scattered at the
other localities. Associated with it a few species occur in very small numbers at
most of them. Acila submirabilis, Glycymeris ikebei, Cyclina japonica, Mactra sp.,
Periploma sp. and Batillaria ? sp. are represented in such associated species. The
ratio of articulated to disarticulated shells is low at every locality. The
assemblages of this type seem to be “death assemblages”.

Anomalocardia assemblage

Occurrence : — locality 22.

Anomalocardia (Anomalodiscus) sp. occurs in a very high density at the
above locality, forming a distinctive assemblage type. Mixed with shells of
the species are Acila submirabilis, Saccella miensis, Anomia chinensis, Trapezium
modiolaeforme and Cyclina japonica in very small numbers. No articulated shells
were found. This assemblage is considered a transported assemblage on the basis
of the state of preservation of shells.

Living species in the genus Anomalocardia are encountered on intertidal
muds in the innermost part of embayments in warm water regions (HABE, 1977).
The fossil species of Anomalocardia may have lived under similar environmental
conditions to them. The subsidiary components are inhabitants of a protected
coastal environment of intertidal or shallow subtidal depth. Some of them are
soft bottom dwelling forms, and some are hard bottom dwelling forms.

Nipponomarcia assemblage

Occurrence : - localities 23—40.

Assemblages of this type from the Ayugawa localities are represented mostly
by clustered shell beds consisting simply of Nipponomarcia nakamurai. Associated
with the species one or a few species occur very sparsely at some localities.
Phacosoma kawagensis, Cyclina japonica, Siliqua minoensis IToicawa, Periploma
sp. and FEuspira meisensis are represented in such associated forms. No articulated
shells were encountered at most of the localities, indicating sedimentary transport
of shells. Articulated shells, however, occur frequently at localities 27 and 33,
indicating preservation of shells at or near where they lived. The enclosing
sediment is mudstone at both the localities. This may be indicative of the
preference of the species for a mud substrate as mentioned earlier.

Turritella-Glycymeris assemblage

Occurrence : - localities 41—46.

Shells occur in high density at locality 44. The following speccies are
represented in them; Glycymeris ikebei, Felaniella usta, Phacosoma mnomurai, Solen
sp., Turritella sagai and Euspira meisensis. Turritella sagai is the most abundant
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species. Solen sp. and Euspira meisensis are the second most common. Shells also
occur in high density at locality 45, being represented mostly by Turritella sagai
and sparsely by Glycymeris ikebei, Phacosoma nomurai, Solen sp., Siliqua minoensis
and Euspira meisensis. The assemblages from these localities are typical of this
assemblage type. They resemble the Turritella-Lucinoma assemblages from the
Tomikusa Group, but are distinguished from the latter by the absence of
Lucinoma acutilineatum.

A dense aggregation of shells occurs at locality 41. It shows very high species
diversity. Turritella sagai is the principal component. Glycymeris ikebei, Phacosoma
nomurai, Sivatoria sivatoriensis, Mactra sp., Siliqua minoensis, Euspira meisensis
and Phos minoensis are the principal subordinate components. Turritella sagai
occurs in fairly high density at locality 42 in association with sparsely occurring
shells of Cyclocardia siogamensis and Moerella sp. The assemblages from the two
localities are identified with the present type. shells occur in fairly high density
at locality 43. Several benthic forms and a few planktonic forms were collected.
The former are Saccella miensis, Lucinoma acutilineatum, Siratoria siratoriensis,
Mactra sp., Moerella sp., Siliqua minoensis, Laevidentalium ? sp., Turritella sagai
and Phos minoensis. Siligua minoensis is the most abundant species. A dense
aggregation of shells composed principally of Phacosoma nomurai and Euspira
meisensis occurs at locality 46. Turritella sagai is among rare components. The
assemblage of benthic mollusks from locality 43 and the assemblage from locality
46 are regarded as variations of the present type.

Shells of bivalves mostly occur with both valves disarticulated at all the
localities. The assemblages of this type seem to be “death assemblages”. The
majority of components of them are inhabitants of sands at depths ranging from
the intertidal zone to 10 meters in sheltered situations. These assemblages seem
to reflect a past community type of very shallow sand coasts in embayments.

Felaniella assemblage

Occurrence : - locality 47.

Shells occur clustering together at the above locality. The following species
are represented; Acila submirabilis, Felaniella usta, Saxolucina (Megaxinus) cfr.
khataii (OTuka), Phacosoma mnomurai, Siratoria sirvatoriensis, Clementia ? sp.,
Nipponomarcia nakamurai, Turritella scgai, Crepidula jimboana, Euspira
meisensis, Phos minoensis and Zeuxis simizui (OTUKA). Felaniella usta is the
most abundant species. This assemblage is referred to the Felaniella assemblage.
A considerable part of shells are broken, and articulated shells are rare,
indicating transported accumulation of shells.

Saccella assemblage
Occurrence : - localities 48—61.
A few to several benthic mollusks are represented in collections from the
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above localities except locality 48. Saccella miensis occurs in all the collections
playing the most important role. Acila submirabilis, Patinopecten egregius,
Cyclocardia siogamensis, Lucinoma acutilineatum and Cultellus izumoensis show
wide distribution. The assemblages from these localities are referred to the
Saccella assemblage. The density of shells at these localities ranges from low to
high density. Articulated shells were rarely encountered at most of them.

Shells of benthic mollusks occur scattered at locality 48 in association with
very sparsely occurring shells of planktonic mollusks. The benthic mollusks
consist of Acila submirabilis, Saccella miensis, Patinopecten egregius, Cyclocardia
siogamensis, Clinocardium andoi, Phacosoma nomurai, Macoma optiva, Siliqua
minoensis and Cultellus izumoensis. The assemblage of benthic mollusks from
this locality is also identified with the present assemblage. A large part of shells
are disarticulated. The assemblages of the present type from the Ayugawa
localities are considered transported assemblages.

Shells occur sparsely at localities 62 and 63. Saccelle miensis, Modiolus
nakamurai, Phacosoma kawagensis, Sirvatoria siratoriensis, Solen sp., Cultellus
izumoensis, Zirfaea sp., Periploma sp. and Euspira meisensis were collected from
the former. Acila submirabilis, Saccella miensis, Phacosoma nomurai and Periploma
sp. were recovered from the latter. The assemblages from these localities are
considered mixed assemblages consisting of elements of a few shallow sea

assemblage types including the present type.

Vaginella assemblage

Occurrence : - localities 43—48.

Thecosomatous pteropods occur very sparsely at these localities. A list of
them is given by SHIBATA (1977a). The assemblages of them are referred to the
Vaginella assemblage on the basis of the presence of Vaginella depressa DAUDIN.
The paleoecology of their associated benthic mollusk assemblages indicates a
protected shallow marine environment as the site of deposition for them.

Ichishi Group

SHIBATA (1970) has described ten fundamental molluscan assemblages from
the Ichishi Group in the environs of Tsu City, Mié Prefecture, and has discussed
their paleoecology. They are as follows; the Ostrea (= Crassostrea gigas),
the Nipponomarcia, the Cyclina, the Barbatia-Calyptraea (= Barbatia), the
Dosinia-Glycymeris (= Phacosama kawagensis), the Felaniella, the Pectinid, the
Portlandia-Conchocele (= Conchocele), the Macoma-Lucinoma and the Neilonella-
Periploma assemblage. The Pectinid assemblage is herein renamed the
Patinopecten chichibuensis mitsuganoensis assemblage.

In addition to them, four basic types of molluscan fossil assemblage, the
Saccella, the Malletia-Nuculana, the Acilana and the Vaginella, were recognized,
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i o o 5 S Occurrences for each
- of them are as fol-
Macoma-Lucinoma:
¥alletia-Nuculana T i lows; the Saccella
Conchocele — .
sarbatia — assemblage; localities
Crassostrea gigas —
Felaniella E—— K22, K33) K35, K40,
Cyclina — .
Phacosoma kawagensis — K54,K77, the Malletia-
Nipponomarcia — .
Patinopecten chichibuensis P Nuculana assemblage,
! mitsuganoensis e
Saccella — localities U4-, K7, K85,
Neilonella-Periploma .
vaginella J —_ the Acilana asseem-
Acilana .
blage; localities C2,

Fig. 13. Diagram showing stratigraphic distribution of Y4, and the Vaginella

fundamental molluscan assemblages from the Ichishi Group. assemblage; localities
K35, K73. The geographic and the stratigraphic position of these localities are given
by SHiBATA (1970). Faunal content of the benthic molluscan assembalges and the
mode of occurrence of shells by locality can be found also in the above paper.
Faunal content of the Vaginella assemblage by locality is provided by SHIBATA
(1977a). The Saccella assemblage from locality K22 and the Malletia-Nuculana
assemblages from localities K7 and K85 are considered “living assemblages”, but
the other assemblages are considered ‘“death assemblages”. The stratigraphic
distribution of these assemblage types within the Group is shown in Fig. 13.

Morozaki Group

SHIBATA (1977b) made a detailed analysis of molluscan fossil assemblages
from the Morozaki Group on Chita Peninsula, Aichi Prefecture, and described
five fundamental as-

semblage types. They

Assemb1agzgrmations Himaka Toyohama Yamami Utsumi are as follows; the
Macoma-Lucinoma. —_— Macoma-Lucinoma,
Acilana ;
Phanerolepida _ the Phanerolepida,
Vaginella ——r the Acz'lana, the
Neilonella-Periploma . .
Neilonella-Periploma
Fig. 14. Diagram showing stratigraphic distribution and the Vaginella.
of fundamental molluscan assemblages from the Their stratigraphic

Morozaki Group. distribution is shown

in Fig. 14.
Mizunami Group
Molluscs are very rich and very diversified in the Mizunami Group in the

Mizunami basin, Gifu Prefecture. IToicawa (1960) is the first to make an analysis
of molluscan assemblages from the Group, describing eight assemblages. In 1974
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IToicawA (in IToiGAWA, SHIBATA and NisHiMoTO) has reported 42 assemblages,

and has discussed
OkUMURA, NISHIMOTO
assemblages. I review-
ed molluscan fossil
assemblages from the
Group by the same
method that
in the

based on the faunal

is used
other areas
list of IToiGAwaA, SHI-
BATA and NISHIMOTO
(1974) and additional
information on fossil
assemblages from some
localities. As the re-
sult 29 fundamental
assemblages were rec-
ognized. The major-
ity of them are equi-
valent to those pre-
viously reported by
the
They are listed below

above workers.

the paleoecology of

some

of

them.

More

recently,

and ItoicAwA (1975) have described three additional

Formations
Assemblages

Toki

Hongo

Akeyo

Oidawara

Cyclina-Vicarya

Cyclina- Vicaryella ishiiana
Batillaria mizunamiensis
Nipponomarcia

Cyclina

Chlamys iwamurensis
Felaniella

Phacosoma nomurai-Meretrix
Protorotella depressa
Phacosoma nomurai
Territella-Glycymeris
Saccella

Macoma-Lucinoma

Glycymeris rhynchonelloides
-Chlamys itoigawae

"Ostrea"-Suchium

Dendostrea-Cryptopecten

Bellucina-Polinices

Cavilucina-Glycymeris cisshuensis

zirfaea-Parapholas

Turbo-Glycymeris cisshuensis

Mitrella“vermetus"

Vaginella

Chlamys minoensis-Homalopoma
hidensis

Pitar-Chama

Antalis-Glycymeris cisshuensis

Turbo-"Ostrea"

Phanerolepida

Acharax-Neilonella cfr. soyoae

Acilana

[{TT1
NERER I
|

L1l itnd

Fig. 15. Diagram showing stratigraphic distribution

of fundamental molluscan assemblages from the

Mizunami Group.

together with a representative locality for each of them.

Acharax-Neilonella cfr. soyoae assemblage (= Solemya-Neilonella assemblage of
Itoicawa, 1974) (locality 77)

Saccella assemblage (= Saccella-Venericardia and Saccella-Lucinoma assemblages
of IToicawa, 1974) (locality 87)

Acilana assemblage (= Portlandia-Linthia assemblage of IToicawa, 1960) (locality
38)

Glycymeris rhynchonelloides-Chlamys itoigawae assemblage (= Glycymeris-Chlamys
assemblage of Itorcawa, 1974) (locality 138)

Chlamys iwamurensis assemblage (locality 133)

Chlamys minoensis-Homalopoma hidensis assemblage (= Chlamys-Homalopoma
assemblage of IToicawa, 1974) (locality 25)

“Ostrea”-Suchium assemblage (locality 23)

Dendostrea-Cryptopecten assemblage
IToicawa, 1974) (locality 22)

Bellucina-Polinices assemblage (locality 47)

(= Dendostrea-Chlamys assemblage of

Cavilucina-Glycymeris cisshuensis assemblage (= Cavilucina-Glycymeris assemblage
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of Itoicawa, 1974) (locality 18)

Felaniella assemblage (locality 76)

Pitar-Chama assemblage (locality 111)

Phacosoma nomurai assemblage (locality 76)

Phacosoma nomurai-Meretrix assemblage (= Dosinorbis-Meretrix assemblage of
IToicawa, 1974) (locality 76)

Cyclina assemblage (locality 113)

Cyclina-Vicarya assemblage (locality 31)

Cyclina-Vicaryella ishiiana assemblage (= Cyclina-Vicaryella assemblage of
IToicawa, 1974) (locality 64)

Nipponomarcia assemblage (locality 137)

Macoma-Lucinoma assemblage (locality 87)

Zirfaea-Parapholas assemblage (locality 18)

Antalis-Glycymeris cisshuensis assemblage (= Dentalium-Glycymeris assemblage of
Itoicawa, 1974) (locality 24)

Protorotella depressa assemblage (locality 76)

Turbo-Glycymeris cisshuensis assemblage (= Turbo-Glycymeris assemblage of
Itoicawa, 1974) (locality 45)

Turbo-“Ostrea” assemblage (locality 11)

Phanerolepida assemblage (locality 77)

Turritella-Glycymeris assemblage (locality 91)

Batillaria mizunamiensis assemblage (locality 64)

Mitrella—Vermetus” assemblage (locality E)

Vaginella assemblage (locality 77)

Locations and faunal content of the above localities except locality E are
given by IToicawa, SHIBATA and NisuimoTo (1974). Those of locality E are given
by OkuUMURA, NisHiMoTo and Itoicawa (1975). About half of these assemblages
are peculiar to the present Group. There is a remarkable break in shallow sea
molluscan assemblage types at the boundary between the Hazama Member and
the Shukunohora Facies (Fig. 15). This reflects the disappearance of most
shallow sea species found in strata below the boundary from strata above it and
the appearance in the latter of many shallow sea species belonging to the genera
that the disappeared species belong but differing from these species in species
level taxa as pointed out by IToicAwA (1960).

Fujiwara Group

Sakamoro (1955) has reported marine mollusks from 17 localities in the
Fujiwara Group exposed in the southern district of Nara City, Nara Prefecture. An
analysis for molluscan assemblages was made on the basis of his faunal lists. The
results are as follows. Faunal content of his localities 12 and 18 is represented
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by the Macoma-Lucinoma assemblage. The assemblages from his localities 8, 13
and 19 may be referred to the Malletia-Nuculana assemblage. Species content of
his localities 3, 7, 15 and 17 has a resemblance to that of the Saccella assemblage.
The assemblages from his localities 1, 2, 5 and 10 are regarded as mixtures of
two or all of the above assemblages. A relatively large number of taxa have
been recorded from his locality 6. Species characteristic to the Protorotella
yuantaniensis, the Saccella and the Malletia-Nuculana assemblage are represented
in them. A single bivalve or gastropod whose species level taxon is not determined
has been reported from the remaining localities.

Shinano Formation

MaTtsuzawa, UEMURA and KuwaHARA (1963) have recorded five species of marine
mollusks, Venericardia sp., Felaniella usta, Lucinoma sp., Paphia undulata (BORN)
and Turritella sagai from the Shinano Formation at Hotoku Mine, Ohata,
Sanage-cho, Aichi Prefecture. Of them, Felaniella usta and Turritella sagai are
the principal component of the Felaniella assemblage and that of the Turritella-
Glycymeris and the Turritella-Lucinoma assemblage, respectively.

Recently, OTsuka, Itoicawa and SuiBaTA (1976) have reported a larger
marine molluscan fauna consisting of 27 species from Tamomi Mine in Toyota
City, Aichi Prefecture. Fossiliferous strata at this locality seem to constitute the
southern extension of the Shinano Formation. They represented the assemblage
by the Periploma-Acila assemblage, and discussed its paleoecology. It seems to
consist principally of shells which lived in a protected environment of shallow
subtidal depth.

Chikusa Formation

The Chikusa Formation was named by MaTtsul (1943) for Miocene sediments
scattered in and around Komono-cho, Mié Prefecture. HATA (1967) has reported
a total of 87 species of marine mollusks from 11 localities in the Formation. I
visited HaTA’s localities, and collected additional material from the greater part
of them. An analysis for molluscan assemblages was made on the basis of the
checklist of mollusks of Hata and the additional collections. Locations of the
fossil localities are given by HATA.

Molluscan assemblages

Cyclina-Vicarya assemblage
Occurrence : — HATA’s locality 4.
Cyclina japonica, Clementia sp. and Hiatula minoensis are common at the

above locality. Several species including Vicarya yokoyamai occur sparsely or very
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sparsely in association with them. The assemblage from this locality differs from
the Cydina-Vicarya assemblages from the Iwamura and the Ayugawa Group in the
abundance of Clementia sp. and the scarcity of Vicarya yokoyamai, but it is
considered a variation of this type. Shells show no evidence of abrasion after
death, and bivalves frequently occur with their both valves attached, indicating
no or little transportation of shells after death.

Nipponomarcia assemblage

Occurrence : - HATA’s locality 8.

The assemblage from this locality is characterized by the predominance of
Nipponomarcia nakamurat.

Phacosoma kawagensis assemblage

Occurrence : - HAaTA’s locality 4.

Phacosoma kawagensis occurs in high density at the above locality in
association with sparsely occurring shells of several other mollusk species.

Patinopecten chichibuensis mitsuganoensis assemblage

Occurrence : - HATA’s locality 8.

Fauual content of this locality indicated by the list of HATA is represented
by the Patinopecten chichibuensis mitsuganoensis assemblage on the basis of the
abundance of Patinopecten chichibuensis mitsuganoensis SHIBATA.

Saccella assemblage
Occurrence: - HAaTA’s locality 7.

Neilonella-Periploma assemblage

Occurrence : - HaTA’s localities 1, 2, 9, 10, 11.

In addition to the taxa listed by HaTa, the following taxa were obtained
from HAaTA’s locality 10; Ennucula sp., Neilonella isensis SHIBATA, Pinctada
ogawai SHIBATA, Conchocele sp., Macomea optiva, Cardiomya mitsuganoensis
SHIBATA, Machaeroplax mitsuganoensis (SHIBATA), Orectospira ichishiensis SHIBATA,
Tectonatica ichishiana, Chlanidota wmitsuganoensis SHIBATA, Propebela mitsugano-
ensis SHIBATA, Riuguhdrillia oyamae Kamapa and Microglyphis mitsuganoensis
SHIBATA. Additional species were also collected from Hata’s locality 11. They are
Lucinoma acutilineatum, Macoma optiva and Periploma wmitsuganoense. The
assemblages from the above localities resemble the Nezlonella-Periploma assemblages
from the Ichishi Group.

Cuvielina sp. reported by HaTa from his locality 1 is identified with
Vaginella depressa (SHIBATA, 1977a). It is excluded from the assemblage of this
type from the locality, and may be taken as a sign of the presence of the
Vaginella assemblage.
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Table 10. List of fundamental molluscan assemblages from the First Setouchi

Assemblages

Principal components

Acharax-Neilonella cfr. sovoae

Acila (Truncacila) sp.

Malletia-Nuculana

Neilonella-Periploma

Saccella

Acilana

Barbalia

Area

Anadara

Glyeymertis rhynchonelloides-
Chlamys itoigawae

Chlamys iwamurensis

Chlamys minoensis-Homalopoma hidensis

Patinopecten chichibuensis mit suganoensis
Crassosirea gigas

Ostrea denselamellosa

“Ostrea” sp.

Osirea -=Suchium

Dendostrea-Cryplopecien
Geloina

Bellucina-Polinices

Cavilucina-Glyeymeris cisshuensis

('Un('/lm'('/('
Felaniella
Chama
Anomalocardia

Pitar-Chama

Neilonella cfr. sovoae HABE

Acila (Truncacila) sp.

Malletia inermis (YOKOYAMA), Nuculana
pennula (YOKOYAMA)

Neilonella isensis SHIBATA, Periploma
mil suganoense ARAKI

Saceella miensis (ARAKI)

Acilana tokunagai (YOKOYAMA)

Barbaiia kubara TTOIGAWA

Arca sp.

Anadara abdita MAKIYAMA

Glveymeris rhynchonelloides NOMURA and
HATAL  Chlamys itoigawae NMASUDA

Chlamys iwamurensis I'TOIGAWA

Chlamys minoensis TTOIGAWA, Anisocorbula
venusta (GoULD), Homalopoma hidensis
[rorGawa

Patinopecien chichibuensis mit suganoensis
SHIBATA

Crassostrea gigas (THUNBERG)

Ostrea denselamellosa 1.ISCHKE

“Osirea” sp.

Crassosirea sp., Anisocorbula venusta
(GoULD), Suchium joganjiense FUJII
Dendostrea sinensis (GMELIN)
Geloina sp.

Bellucina civiea (YOKOYAMA), DPolinices
mizunamiensis I'TOIGAWA

Glyeymeris cisshuensis MAKIYAMA.
Cavilucina (Monitilora) kitamurai (HATAL
and NISIYAMA), Ringicula minoensis
TAKEYAMA, Focevlichna tokiensis
[TOIGAWA

Conchocele bisceta (CONRAD)

Felaniella wsta (GoUln)

Chama sp.

Anomalocardia [ Anomalodiscus) sp.

Chlamys minoensis 1TolGAwA, Chama
[fragum REEVE.
(GouLn), Turcica osawanoensis TSUDA.
Homalopoma hidensis 1TOIGAWA

Anisocorbula venusta
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Series in the eastern part of the Setouchi geologic province.

Principal subordinate components

Acharax tokunagai (YOKOYAMA), Bathymalletia chitensis SHIKAMA and TASE, Portlandia
watasei (KANEHARA) var., Lucinoma acutilineatum (CONRAD), Macoma sp., Periploma
mit suganoense ARAKI, Poromya flexuosa YOKOYAMA

Carinincilo takeharai (SUBATA, Portlandia watasei (KANEHARA!, Propeamussium
tateiwai KANEHARA, Machacroplax mitsuganoensis (SHIBATA), Tectonatica ichishiana
SHIBATA, Microglyvphis mitsuganoensis SHIBATA

Patinopecten egregius (IToiGAWA ), Cyclocardia siogamensis (INOMURA), Lucinoma
acutilineatum (CONRAD), Cultellus izumoensis YOKOYAMA, [uspira meisensis MAKIYAMA
Acila (Truncacila) eximia (YOKOYAMA ), Neilonella 2 ovoia UTAKEDA), Yoldia sagittaria
YOKOYAMA, Portlandia kakimii Uozusi, Delectopecten peckhami (GABB), Periploma
mitsuganoense ARAKI, Tectonatica ichishiana SHIBATA

Anomia chinensis (PHILIPPL), Chama sp., Siratoria siratoriensis (OTUKA),
Zirfaea subconstricta (YOKOYAMA), Proclava kancharai (HUZITA and 0GOSLE),
Calyptraca tubura OTUKA, Crepidula jimboana Y OKOYAMA

Glyeymeris minoensis 1TOIGAWA, Septifer (Mitilisepta) agiensis 1TOIGAWA, Chlamys

iwamurensis 1TOIGAWA, Cyclocardia siogamensis (NOMURA), Phacosoma nomurai (OTUKA)
Glyeymeris ikebei TTOIGAWA and SHIBATA, Anomia chinensis (PRILIPPL)

Mytilus coruscus GOULD, Crassostrea sp., Phacosoma suketoensis (OTUKA)

Glyexmeris ikebei 1To1GAWA and SHIBATA, Mytilus coruscus GOULD, Tugali sp.

Barbatia ( Savigniarca) minoensis 1TOIGAWA, Chama [ragum REENVE, Venus (Ventricolaria)
kimalai 1TOIGAWA and SHIBATA, Antalis sp., Tateiwaia sitoi (NOMURA and Z1INBO ), Mitrella sp.

Cyclocardia siogumensis NOMURA), Ancistrolepis togariensis NARUSE

Striarca wetsukionsis HATAL and NISIYAMA, Diplodonta ferruginata NIAKIYAMA,
“Vasticardium”™ ¢fr. ogurai (OTUKA), Solidicorbula succineta (YOKOYAMA)

Cryptopecten yanagawacnsis (NOMURA and ZINBO,

Chlamys minoensis 1TOIGAWA, Neverita colicazae MAKIYAMA, Zewxis minoensis ITOIGAWA,
Mitrella sp.. Ringicula minoensis T AKEYAMA

Pillucina (Wallucina) okumurai TTOIGAWA, Phacosoma suketoensis [OTUKA), Pulsellum
minoensis ITOIGAWA. Polinices mizunamiensis 1TOIGAWN, Zewxvis minoensis TTOIGAWA,
Mitrella sp., locxlichna habei TTOIGAWA

Phacosoma nomurai (OTUKN), Turritelle sugel KOTAKA

Arca minoensis TTOIGAWA and SHIBATA, Chlamys ingeniosa [YOKOYAMA . Acesta efr.
woliath (SOWERBY), Venus (Ventricolaria) kimatai ITOIGAWA and StipaTA, Pitar cfr.
itoi (NNJAKIYAMA), Diodora minoensis TTOIGAWA
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Table 10. Continued

H. SHIBATA

Assemblages

Principal components

Callista

Phacosoma kawagensis
Phacosoma nomurai

Phacosoma nomurai-Meretrix
Cyclina

Cycelina-Vicarya
Cyelina-Vicaryella ishiianu
Katelysia

Nipponomarcia
Ruditapes miyamurensis

Macoma-Lucinoma
Zirfaca-Parapholas
Periploma-Acila
Antalis-Glycymeris cisshuensis
Protorotella depressa
Protorotella yuantaniconsis
Turbo-Glyeymeris cisshuensis
Turbo-"Ostred”
Phanerolepida
Turritella-Glycymeris
Turritella- Lucinoma

Buatillaria mizunamicnsis

Vicaryella bacula-Cyclina
Proclava
Mitrelle="Vermetus”

Cavolinia sp.

Vaginella

Cyclocardia yakuojiensis (SHIBATA), Callista
sp.

Phacosoma kawagensis (ARAKI)

Phacosoma nomurai (OTUKA)

Meretrix arugai OTUKA, Phacosoma nomurai
(OTUKA)

Cyclina japonica KAMADA

Cyclina japonica KAMADA, Vicarya yokoyamai
TAKEYAMA

Cyclina japonica KAMADA, Vicaryella ishiiana
(YOKOYAMA)

Katelysia sp.

Nipponomarcia nakamurai 1KEBE
Ruditapes miyamurensis (I'TOIGAWA)

Lucinoma acutilineatum (CONRAD,
Macoma izurensis (YOKOYAMA,
Macoma optiva (YOKOYAMA)

Zirfaea subconstricta (YOKOYAMA)

Acila submirabilis MAKIYAMA, Saccella miensis
(ARAKL), Periploma sp.

Glycymeris cisshuensis MAKIYAMA, Anfalis sp.

Protorotella depressa MAKIYAMA
Protorotella vuantaniensis MAKIYAMA

Glycymeris cisshuensis MAKIYAMA, Chama
fragum REENE, Turbo (Marmorostoma) ozawai
OTUKA

Crassostrea sp., Turbo (Marmorostoma)
ozawal OTUKA

Phanerolepida cfr. expansilabrum KURODA
Glycymeris ikebei ITOIGAWA and SHIBATA,
Siratoria siratoriensis (OTUKA), Turritella
sagai KOTAKA

Lucinoma acutilincatum (CONRAD), Twrritella
sagai KOTAKA

Batillaria mizunamiensis 1TOIGAWA

Cyclina japonica KAMADA, Vicaryella bucula
(YOKoyAMA)

Proclava ancise (YOKOYAMA), Proclava ol ukai
(NOMURA)

“Vermetus" sp., Mitrella sp.

Cavolinia sp.

Cavolinia raritalis (NOMURA), Vaginella
depressa DAUDIN
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Principal subordinate components

Glycymeris ikebei 1TOIGAWA and SHIBATA

Nipponomarcia nakamurai 1KEBE, Siratoria siratoriensis (OTUKA)

Trapezium modiolaeforme OyAMA and SAKA, Phacosoma kawagensis (ARAKL), Hialula
minoensis (YOKOYAMA)

Trapezium modiolacforme OYAMA and SAKA, Phacosoma kawagensis (ARAKI), Hialula
minoensis (YOKOYAMA)

Nipponomarcia nakamurai 1KEBE, Hiatula minoensis (YOKOYAMA), Batillaria mizunamiensis
1TOIGAWA, Proclava kancharai (HUzZITA and OGOSE)

Striarce sp., Anomia chinensis (PHILIPPL), Solen sp.

Nipponomarcia nakamurai IKEBE, Protorotella yuantaniensis NAKIYAMA

Cyclocardia siogamensis (NOMURA), Turritella ichishiensis SHIBATA

Parapholas minoensis 1TOIGAWA, Jouwannctia cumingii (SOWERBY)

Lucinoma acuiilineatum (CONRAD), Phacosoma nomurai (OTUKA), Culiellus izumoensis
YOKOYAMA, Euspira meisensis MAKIYAMA

Anadara abdita MAKIYAMA, Chlamys minoensis 1TOIGAWA, Fissidentalium sp.,
Turritella sp., Neverita coticazae MAKIYAMA, Olivella sp.

Nipponomarcia nakamurai IKEBE
Nipponomarcia nakamurai IKEBE

Solidicorbula nisataiensis (OTUKA), Neverita coticazae MAKIYAMA, Zcuxis minoensis
LITOIGAWA, Mitrella sp., Ringicula minoensis ‘T AKEYAMA

Glyevmeris cisshuensis MAKIYAMA, Mytilus coruscus GOULD, Chlamys ingeniosa
(YOKOYAMA), Chlamys minoensis 1TOIGAWA, Antalis sp.

Phacosoma nomurai (OTUKA), Macira sp., Solen sp., Siliqua minoensis I'TOIGAWA,
Fuspira meisensis MAKIYAMA, Reticunassa simizui (OTUKA)

Phacosoma nomurai (OTUKA), Siraloria siratoriensis (OTUKA), Liocyma minulae
NOMURA and ZINBO, Solen sp., Euspira meisensis MAKIYAMA

Moerella sp.

Trapezium modiolacforme OYAMA and SAKA, Phacosoma kawagensis (ARAKLD), Mactra sp.

“Ostrea” sp., Ruditapes miyamurensis (ITOIGAWA), Nipponomarcie nakamurai IKEBE,
Batillaria mizunamiensis TTOIGAWA

Schwartiziella sp., Tatciwaia yamanarii (MAKIYAMA), Diala sp., Bittium sp., Balcis sp.,
Proterato (Sulcerato) minoensis ITOIGAWA, “Triphora’ sp.

Limacina sp., Euclio balantium (RANG), Euclio sp., Bowdenalheca sp.
l bl tl I l
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Okazaki Formation

Havyasur and Mrura (1973) have reported marine mollusks from five localities
in the Okazaki Formation in the southern district of Okazaki City, Aichi
Prefecture. A community level analysis of faunal content of these localities based
on their checklist of fossils indicates (1) the assemblages from all the localities
include principal or characteristic elements of more than two assemblage types
described earlier, (2) characteristic elements of the Barbatia assemblage seem to
be predominant in the assemblage from their locality 1, (3) the principal
components of the Felaniella and the Macoma-Lucinoma assemblage constitute a
major part of the assemblage from the upper stratigraphic horizon at their locality
2, and (4) the principal components of the Cyclina-Vicarya, the Macoma-Lucinoma
and the Malletia-Nuculana assemblage are mixed in the assemblages from the
remaining localities. HavasHr and MIurA indicate that all the assemblages are
transported assemblages.

Takakura Formation

Yamapa (1953) named the Takakura Formation for exposures of Miocene
sediments in Ise City, Mie Prefecture. KiMurRA, MAGOFUKU and OnisHI (1965) have
reported a meager marine molluscan fauna consisting of Nuculana pennula,
Portlandia sp., Venericardia sp., Macoma sp., Turritella sagai and Euspira
meisesis ? from the mudstone of the upper part of the Formation. Nuculana
pennula and Turritella sagai are the principal component of the Malletia-
Nuculana assemblage and that of the Turritella-Glycymeris and the Turritella-
Lucinoma assemblage, repectively.

Summary

Fundamental types of molluscan assemblages from the First Setouchi Series
in the eastern part of the Setouchi geologic province and their paleoecology

A total of 53 fundamental assemblage types were recognized in the First
Setouchi Series in the eastern part of the Setouchi geologic province (Table 10).
The majority of them represent assemblages of benthic mollusks, but two of
them represent those of planktonic mollusks. These assemblage types reflect life
communities varying degrees, and generally speaking, a different assemblage type
represents a different communitiy. Of them, the following types are in possession
of “living assemblages” belonging to them; the Acharax-Neilonella cfr. soyoae,
the Malletia-Nuculana, the Neilonella-Periploma, the Saccella, the Acilana, the
Geloina, the Conchocele, the Felaniella, the Phacosoma kawagensis, the Phacosoma
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nomurai, the Cyclina, the Cyclz'na—Vicarya, the Nipponomarcia and the Macoma-
Lucinoma assemblage.

The inferences on environmental conditions under which each assemblage
or principal components of each assemblage lived are summarized in Table 11.
Fig. 16 schematically shows their habitats. It is worth while to note that very
shallow sea assemblage types are very diversified. This diversity appears to be
due to varied physical, chemical and biological conditions in the past very

shallow sea environment.

Vicaryella bacula-Cycling

Phacosoma Cyclina
kawagensis[ Cyclina-Vicarya

Ruditapes miyamurensis Anadora Cycling-Vicaryella ishiiona
Anomalecardia

Felaniello Zirfaea-Parupholas
Protorotella depressa

P. yuantaniensis

Turritella-Glycymeris >\/ D
Turritella-Lucinoma ke

Batillaria 3
> mizunamiensis

Crossostrea gigas
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- Saccelia’ nomrai
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-100m

L Protorotella depressa
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| Maiietia-
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Bellucina-Polinices
Cavilucina-Glycymeris cisshuensis
Mitrella-"Vermetus"

D-C Kalelysia
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Neilonella-FPsriploma

"I Cavolinia spP
. ) 7/ .
i f,' Vaginelle [ Muddy substrate
o it ! Acharax-Neilonella ctr. soyoae
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Suchium

C-H

&

5 -50m /200
Pitar-Chama o /,-' P " [Z»E Gravelly substrate
/
’ 4 2
W g| AM/| Rocky substrate

Fig. 16. Schematic diagram showing habitats of the fundamental types of molluscan
assembalge from the eastern part of the Setouchi geologic province. B; Barbatia
G-C; Glycymeris rhynchonelloides-Chlamys itoigawae C-H; Chlamys mz’no_ensz‘s—Homalopoma
hidensis Pm; Patinopecten chichibuensis mitsuganoensis D-C; Dendostrea-Cryptopecten
Con; Conchocele Pk; Phacosoma kawagensis Ph-M; Phacosoma nomurai-Meretrix
Z-P; Zirfaea-Parapholas P-A; Periploma-Acila T-G; Turbo-Glycymeris cisshuensis
Pe; Phanerolepida ’
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Table 11. Summary of the paleoecology of the fundamental molluscan assemblages
A; adhering B; burrowing C; crawling O; boring

Assemblages I];]‘i)fdee sStLi-:-te Depth
Acharax-Neilonella cfr. soyoae B, C S outer sublittoral
) or hathyal zone
Acila (Truncacila) B S 10 to 30 m
Malletia-Nuculana B M several tens to
200 m
Neilonella-Periploma B, C M 200 m -+
Saccella B, C S 20 to 50 or 60 m
Acilana B, C M 200 m +
Barbatia A, B, C| R, G, S|intertidal zone
Arca A R, G 0to 10 m
Anadara B S 0tob5m
Glycymeris rhynchonelloides-Chlamys itoigawae | A, B R, S 5m &
Chlamys iwamurensis A, B R, S 0to10m
Chlamys minoensis-Homalopoma hidensis A B, C|G, S 0to 10 m
Patinopecten chichibuensis mitsuganoensis B S 20 to 30 m
Crassostrea gigas A R intertidal zone
Ostrea densclamellosa A R, G 0 to 10 m
“Ostred” sp. A R intertidal zone
“Ostrea”’- Suchium A, B, C|R, S intertidal zone
Dendostrea-Cryptopecten A B R, S 5m %
Geloina B M 0 m
Bellucina-Polinices By C S 0to5m
Cavilucina-Glycymeris cisshuensis B, C S 0todm
Conchocele B S 50 to 100 m
Felaniella B S 10 to 20 m
Chama A R 0 to 10 m
Anomalocardia 3 M intertidal zone
Pitar-Chama A,B,C|R, S 0to 10 m
Callista B S 10 to 30 m-
Phacosoma kawagensis B S 0tob5m
Phacosoma nomurai B S 5 to 10 or 20 m
Phacosoma nomurai-Meretrix B S 5to 10 m
Cycline B M, S intertidal zone
Cyclina-Vicarya B, C S intertidal zone
Cyclina-Vicaryella ishiiana B, C M, S intertidal zone
Katelysia B M, S 0to5m
Nipponomarcia B M, S 0tobm
Ruditapes miyamurensis B S intertidal zone
Macoma- Lucinoma B M, S 20 to 100 m -+
Zirfaea-Parapholas (0] R intertidal zone
Periploma-Acila B S 20 to 40 m
Antalis-Glycymerts cisshuensis B S 5to 10 m
Protorotella depressa C S 0tob5m
Protorotella yuantaniensis C S 0to5m
Turbo-Glycymeris cisshuensis B, C R, S intertidal zone
Turbo-"0Ostrec” A, B, C|R, S 0to5m
Phanerolepida o S 100 to 200 m
Turritella-Glycymeris B C S 0to 10 m
Turritella-Lucinoma B, & S 0 to 20 or 30 m
Batillaria mizunamiensis B, C S intertidal zone
Vicaryella bacula-Cyclina B, C M,'S intertidal zone
Proclava G S intertidal. zone
Mitrella-“Vermetus” A, B,C|IG, R, S|0to5m
Cavolinia sp. P — 0 to 200 m
Vaginella P —_ 0 to 200 m




from .the First Setpuchi Series in the eastern part of the Setouchi geologic province.
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P; planktonic R; rock G; gravel S; sand M; mud

Salinity Temper- | Water Degree of Environment
N ature turbulence | protection
normal cold low low outer part of open embayments
normal warm low moderate | inner part of embayments
normal cold low low outer part of embayments
normal cold low low outer part of open embayments
normal temperate | low moderate | inner part of embayments
normal cold low low outer part of open embayments
normal warm moderate | high inner part of embayments
normal warm moderate | high inner part of embayments
normal warm low high inner part of embayments
normal warm moderate | high inner part of embayments
normal warm moderate | high inner part of embayments
normal warm moderate | high inner part of embayments
normal warm moderate | high inner part of embayments
low warm moderate | high inner part of embayments
low to normal | warm moderate | high inner part of embayments
low warm moderate | high inner part of embayments
slightly low warm low high inner part of embayments
normal warm moderate | low inner part of embayments
very low warm low — estuaries
normal warm low high inner part of embayments
normal warm low high inner part of embayments
normal temperate | low low outer part of embayments
normal warm - low high inner part of embayments
normal warm moderate | high inner part of embayments
normal warm low high inner part of embayments
normal warm moderate | high inner part of embayments
normal warm low moderate | inner part of embayments
normal warm low high inner part of embayments
normal warm low high inner part of embayments
normal warm low high inner part of embayments
slightly low warm low high estuaries or bottoms of embayments
slightly low warm low high estuaries
slightly low warm low high estuaries or bottoms of embayments
normal warm moderate high inn_cr part of embayments
normal warm low high inner part of embayments
normal warm low high estuaries or inner part of embayments
normal temperate | low moderate | embayments
normal warm moderate | high inner part of embayments
normal warm low moderate | inner part of embayments
normal warm low high inner part of embayments
normal warm low high inner part of embayments
normal warm low high inner part of embayments
normal warm moderate high inner part of embayments
normal warm moderate high inner part of embayments
normal cold low low outer part of embayments
normal warm moderate | high inner part of embayments
normal warm low high inner part of embayments
slightly low warm low high estuaries or bottoms of embayments
slightly low warm low high estuaries
slightly low warm low high estuaries or inner part of embayments
normal warm moderate | high inner part of embayments
normal warm - — epipelagic environment
warm —_— —_ epipelagic environment

normal
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Stratigraphic and geographic distribution of the types of molluscan assemblage

The stratigraph-
ic range of each
assemblage type
within the First
Setouchi  Series
in the eastern
part of the Seto-
uchi geologic
province is shown
in Fig. 17. The
greater part of
the assemblage
types have rela-
tively short
ranges. Especially,
such assemblages
occupy a very
high proportion
in the very shal-
low sea assem-
blages. The
limited vertical
occurrence of
these assem-
blages . may be
due to absence of
environments
suited for their
existence, erosion
of enclosing sed-
iments of them
after their depo-
sition or historical
changes of the
molluscan fauna.
The notable
break in the
shallow sea
assemblage
types . demon-

Phases First Second Third
Assemblages phase phase phase

Acharax-Neilonella cfr. soyoae
Acila (Truncacila)
Malletia-Nuculana
Neilonella-Periploma

Saccella

Acilana

Barbatia
Arca
Anadara

Glycymeris rhynchonelloides-Chlamys
itoigawae

Chlamys iwamurensis
Chlamys minoensis-Homalopoma hidensis

Patinopecten chichibuensis
mitsuganoensis

Crassostrea gigas
Ostrea denselamellosa
"Ostrea" Sp.
"Ostrea"-Suchium
Dendostrea-Cryptopecten

Geloina

Bellucina-Polinices

Cavilucina-Glycymeris cisshuensis
Conchocele

Felamiella

Chama

Anomalocardia
Pitar-Chama

Callista
Phacosoma kawagensis

Phacosoma nomurai

Phacosoma nomurai-Meretrix

Cyclina

Cyclina-Vicarya

Cyclina-Vicaryella ishiiana

Katelysia _.___.1

Nipponomarcia

Ruditapes miyamurensis

Macoma-Lucinoma
zirfaea-Parapholas
Periploma-Acila
Antalis-Glycymeris cisshuensis

Protorotella depressa
Protorotella yuantaniensis

Turbo-Glycymeris cisshuensis
Turbo-"Ostrea"

Phanerolepida

Turritella-Glycymeris
Turritella-Lucinoma

Batillaria mizunamiensis
Vicaryella bacula-Cyclina
Proclava
Mitrella~Vermetus"

Cavolinia Sp.
Vaginella

Fig 17. Diagram showing the stratigraphic ranges of the types of
molluscan assemblage within the First Setouchi Series in the eastern
part of the Setouchi geologic province. The First, the Second and the
Third phase represent the three minor transgressive-regressive
phases recognized in the Series (ITOIGAWA and SHIBATA, 1973).
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Table 12. Geographic distribution of the fundamental types of molluscan assemblage

within the eastern part of the Setouchi geologic province.
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strated - in the Mizunami Group falls chronologically on near the end of the
second minor transgressive-regressive phase of the three minor transgressive-
regressive phases recognized in the First Setouchi Series (IToiGAwA and SHIBATA,
1973), and it may be a reflection of a remarkable change in the molluscan fauna
throughout the Setouchi geologic province as suggested by IToicAwa and SHIBATA.

The geographic occurrence within the area of each assemblage type is shown
in Table 12. About three-fifths of the assemblage types occur in more than two
remnant patches of the First Setouchi Series in the area. The Nipponomarcia,
the Saccella and the Acilana assemblage are representatives of spatially widespread
assemblages. The occurrence of the remaining assemblages is confined to one !
remnant patch. Generally speaking, very shallow sea assemblage types show |
relatively narrow distribution within the area. The narrow areal distribution of |
the assemblage types from the Shukunohora Facies and the Nataki Conglomerate
of the Mizunami Group may be explained by the lack of shallow sea sediments
synchronous with them.
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