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ABSTRACT Stratigraphical and paleontological studies of geographically isolated Neogene areas in West
Honshd, Japan, has lead to the establishment of two large provinces, each of which is subdivided into
subprovinces from their respective characteristics. Detail field and laboratory work on each of the areas
revealed that the frequency and faunal displacement of the smaller Foraminifera yielded from the respec-
tive characteristic lithological units are widespread and exhibit a sequence expressible in the form of sta-
ges, zones and faunules, which are introduced and described in this article.

The recognized time-rock units as well as lithologic units and their respective smaller foraminiferal
faunas are described, discussed and applied to the Neogene deposits of West Honshd, and are compared
with known similar domestic units and the results are brought into comparison with the Tertiary sequence
of Northwest Americaand the Indo-Pacific region with which correlation is attempted. Although differences
in the respective smaller Foraminifara of the three remote regions just mentioned exist, there are found
remarkable coincidences in their sequence, characteristic features reflected by them, and noteworthy simi-
larity in the association or assemblage elements of the respective regions. .

Periods of volcanicity as related with the lithological units and differentiation during the faunal se-
quence and the whole as associated with the growth of the respective sedimentary basins studied by the
writer in West Honsh, reveal that there exists intimate relationship with the establishment and signifi-
cance of the respective time-rock units introduced in this work.

The new species of smaller Foraminifera obtained during the past few years are described and illustra-
ted in this work, and with regard to previously known forms records of their occurrences from the respec-
tive lithological and time-rock units are given in table form.
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INTRODUCTION

It is generally accepted by Japanese geologists and paleontologists' that the early
Neogene formations are a product of the marine transgression in the Japanese Islands
_during the early part of the “Mizuho Period” first established by YABE (1924, 1935).
The marine sedimentary provinces introduced by the Mizuho Sea in West Japan have
been divided into four by IKEBE (1957), namely, the San’in, Setouchi, Hokuriku, and
Nankai Provinces. Of these four, the San’in Province includes the arcas in the Chii-
. goku District along the Japan Sea coast and the Setouchi Province the Miocene for-
mations distributed in basins scattered along the southern foreland of the Chagoku
Mountain Range which forms the southern boundary of the San’in Province. The
Neogene deposits of both provinces just mentioned have since 1949 been studied litho-
and volcanostratigraphically, under the lcadership of Professor S. IMAMURA by the
members of the San’in Neogene Rescarch Group of the Institute of Geology and
Mincralogy of Hiroshima University. As some results, it has became clear that the
San’in Province includes the larger part of the western part of the so-called “Green-
Tufl” regions along the Japan Sea coast and has a marginal character of the geo-
synclinal basin, and that the western Setouchi Province was formed in a common se-
dimentary basin in the early stage of development of the San’in Province.

In this report, the Neogene smaller Foraminifera from the San’in and Setouchi
Provinces are dealt with biostratigraphically and palcontologically by the writer, and
included are remarks on those from other provinces in West Honsha, Japan. The
majority of the foraminiferal samples reported here were collected by the writer dur-
ing his field work as a member of the San’in Research Group.

As the first step, some Miocene smaller Foraminifera were studied by the writer,
during the coursc of palcontological rescarch carried on in the Institute of Geology
and Paleontology, Tohoku University, during years 1953-1955 under the instruction
of Professor K. ASANO. Somc results of this investigation have been reported by the
writer (1953, 1954, 1955). Until these publications, little has been known of the Ne-
ogene smaller Foraminifera from the Chiigoku District, although are a few publica-
tions on the larger Foraminifera (YABE, 1918, 1934, 1935; HANZAWA, 1932, 1935).

Subscquent works in the ficld and laboratory have provided more additional back-
ground, particularly for a microbiostratigraphic study. The writer cstablished six
microbiostratigraphic units in the San’in and Setouchi Ncogene deposits and outlined
these in Japanese in some reports during 1956-1958. The present paper is a summary
presentation of the data on which the microbiostratigraphic conclusions are based.
Most of the work was done in the Hiroshima University, but the descriptions of the
new species of the smaller Foraminifera was carried out in the Tohoku University.
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CHAPTER 1

GENERAL STRATIGRAPHY OF THE MIOCENE DEPOSITS OF WEST HONSHU

From the litho-, volcano-, and biostratigraphic sequences and crustal movements dur-
ing the Miocene age, the following four sedimentary provinces may be recognized in
the West Honsha Miocene, as already classified by N. IKEBE (1957), namely, the San’-
in-, Setouchi-, Hokuriku-, and Nankai Provinces. Of these, the Setouchi and San’in
Provinces are dealt with in the present chapter. From both field and laboratory works,
the writer (1957) subdivided the San’in Province into four subprovinces; Inner-,
Outer-, Shimane Peninsula-,and Oki Islands Subprovinces. Briefly and later in detail,
each province or subprovince is a grouping of the localities having sediments with
similar geologic characteristics, forming a belt-like area roughly parallel with the
geographic E-W trend of the Chagoku District. These are shown in Figure 1. The
geology of each of these provinces or subprovinces may be summarized as follows.

A. Setouchi Province

The Miocene geology of the Setouchi Province may be summarized for conven-
ience sake from west to east in the following order; Chagoku-, Kinki-, and Nobi Dis-
tricts. '

1. Chagoku District (Western Setouchi Province). Since 1895, there have been published
some valuable reports by several authors® S. IMAMURA and the writer (1950) repor-
ted on the outline of the Miocene stratigraphy of the northern part of Hiroshima
Prefecture, and subsequently S. IMAMURA (1953) established the lithostratigraphical
sequence of the same area.

The Miocene sediments which unconformably cover the basement rocks, mainly of granitic rocks and
Paleozoic formations, occupy such basins as the Miyoshi, Shabara, Saij6, T6jé, Niimi, and Tsuyama; these
are distributed along the southern slope of the Chiigoku Mountain Range. The sediments show a sedimen-
tary cycle and have horizontal or slightly inclined structure. They are situated about from 150 m. to 800
m. above sea-level, These sediments, about 100 m, in thickness, may be divided into two parts in this Dis-
trict, namely, the Shiomachi formation which comprises a lake facies and the Bihoku group of marine
origin, the former underlies the latter with parallel unconformity showing a slightly erosion surface.

.Ths= lower or Shiomachi formation consists of coarse-grained sediments intercalating thin tuff layers,
with lignite seams and such plant fossils as, Hemitrapa Yotoyamae, Liquidambar formosana, Metasequoia Japon-
ica, and Nelumbo uncifera, while the upper or Bihoku group which yields abundant Foraminifera, is subdi-
vided into two formations, namely, the lower or Yamaga Sandstone and upper or Yatsugi Shale. The
former consists mainly of coarse-grained sediments with important marine fossils as, ,Miogypsina kotot,
Operculina complanata japonica, Analara daito%utoensis, Batillaria tateiwai, B. yamanarii, Dosinia suketoensis,
Siratoria siratoriensis, and Turritella kiiensis, while the upper comprises very fine-grained sediments, yielding
some molluscan remains (Acila submirabilis and Propeamussium cf. tateiwai).

The sequence of the Bihoku group is everywhere uniform throughout where it is developed, but the
Shiomachi formation is quite variable in its development and distribution in the present district.

From the megafossils mentioned above, the age of these marine formations now is considered to be middle
Miocene. '

* S, OTSUKA (1895), B. Suzuki (1895), T. OSURA (1921), T. TAKEYAMA (1930), H. YABE and S. MABUCHI
(1934), and Y. OTUKA (1938). .
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2. Kinki District (Central Setouchi Province). The Nara basin may be taken up as a
representative Miocene locality of the District. The Miocene sediments in this basin
were first studied by J. MAKIYAMA (1931), who introduced the name of Fu ujiwara
formation. He considered its age to probably late Miocene. Subsequently, R. SAKA-
MoTO (1955) made a detail stratigraphical study of the same area and his results of
the stratigraphic sequence of the younger Cenozoic deposits in the Nara basin, may

be summarized in descending order, as follows;

Thickness
) in meters
Sirakawaike formation.sieeccsssnssasineercseiniies seesesnssiee Vestesscnsaseretavenses consese teeseessasacesnses sesens . 100

Bluish muddy or sandy facies in the upper part; grading downwards into conglomeratic
facies, with abundant plant fossils as, Cunninghamia Konishii, Hammamelis parrotioidea, Men-
yanthes trifoliata, and Melasequoia disticha ctc.

unconformity )
FUJIWARA GROUP ... or MAKIYAMA'S “Fujiwara formation” (1931) ........ versenene teetesenrenenees 300
Toyoda formation seeseeessssssninnniiniieiiiiise. wreesensesnsersassssessasessencasss 150

Bluish tuffaccous ﬁnc-gramcd sandstonc or sandy mudstonc, wnh coarsc-gramcd tuﬂ" in
the upper part, with abundant smaller Foraminifera and molluscan fossils as, Cardium
ogurai, Crassatellites makiyamai, Cyclocardia ferruginea, C. siogamensis, Macoma optiva, Nuculana
(Saccella) kongiensis, Phaxas izumoensis, Yoldia sagittaria, Acteon nipponensis, Calyptraea mam-
milaris, Nassarius simizui, Protorotella yuantaniensis, and P. isizumensis ctc.; this grades down-
wards into coarse-grained sandstone.

conformity
Iwabuchi formation «.e.ss vevenras crensseses cessesassasnsennas sesennssivasases cresseerasseanastsersusetnee tesrsrrasinarsas 150
Poor sorted conglomerate consisting mainly of cobbly granitic and dioritic rocks; grad-
ing upwards into an alternation of mud and sandstone facics, with some whitish tuff, thin
lignite scams, and plant remains as, Fagus ferruginea, Hemitrapa borealis, Metasequoia sp., and
Leguminocarpa Sakamotoi etc.

unconformity
BASEMENT ROCKS
Injection gneiss, gneissose granite, and diorite.
As to the age of the Fujiwara group, R. SAKAMOTO considered it to be middle Miocenc from
the molluscan fossils mentioned above.
Details of the smaller Foraminifera from this group have been reported by the
writer (1957), and an outline is given in Chapter II.

3. Nobi District (Eastern Setouchi Province). A arca in the vicinity of Mizunami City,
Gifu Prefecture, may be taken up as a representative marine Miocene locality of the
Nobi District.. The Miocene stratigraphical sequence of the locality may be summa-
rized in descending order, as follows;

Thickness
MIZUNAMI GROUP 4 in meters
Oidawara Mudstone member, or *“Oidawara formation” (FujitA and OGOSE, 1951), or a mud-
stone facies of “Ichihara formation” (WATANABE and IWAHORI, 1952) seveeceniecinirsssnnecciannnes 50
Gray-whitish, tuffaccous mudstone, with abundant smaller foraminiferan fossils,
——————  conformity
Shukunohora Sandstone member, or “Shukunohora formation” (FanA and OGO‘;{:, 1951),
or “Hiyoshi subformation” (WATANABE and IWAHORI, 1952) . vesessnnseniiessiosnrestssannesenes 15
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Bluish coarse-grained sandstone facies in the upper part; grading downwards into congl-
omeratic facies, Miogypsina and Operculina, and abundant molluscan fossils as, Siratoria, Vi-
caryella, Nassarius, Cerithium, Conus, Turbo, Babylonia, Chlamys, and Glycymeris etc.

unconformity
Yamanouchi Mudstone member, or “Togari formation” (FujiTa and OGOSE, 1951), or “Ya-
manouchi formation” (WATANABE and IWAHORI, 1952) «eeeeensueeanees Geessssensessisiasnssssesosarenrs 25
Bluish, tuffaceous, and noduliferous mudstone facies; grading downwards into somewhat
sandstone facies, which yielded a Desmostylid mammalian fossil from its equivalent hori-

zon, and with abundant molluscan fossils as, Fulgoraria, Venericardia, Cultellus, Nuculana,
Acila, and Yoldia etc.

conformity ——MmM——
Togari Sandstone member, or “Tsukiyoshi formation (Tuz)” (Fujita and OGOSE, 1951), or
“Togari formation” (WATANABE and IWAHORI, 1952).csse0e0eseees Feretuecteteraerastassrrasssastsannsee 20
Bluish, tuffaceous, fossiliferous,and noduliferous medium-grained sandstone facies, which

yielded Desmostylus japonicus, and abundant molluscan fossils as, Protorotella, Katelysia, Dipl-
odonta, Dosinia, and Turritella etc. :

conformity ~ ——m
Tsukiyoshi Sandstone member, or “Tsukiyoshi formation (Tu,)” (FujiTA and OGOSE, 1951), or
«Tsukiyoshi subformation” (WATANABE and IWAHORI, 1952) eeeeeieesniinonnvanicnsen reererennesiens 10

Bluish tuffaceous, coarse-grained sandstone, with molluscan fossils as, Vicarya, Vicaryella,
Dosinia, Cardium, Ostrea, Sanguinolaria, and Cyclina etc.

4 unconformity
BASEMENT ROCKS

Nakamura formation which is a lacustrine deposit with coal seams, or granitic rocks.
Details of the smaller Foraminifera from this group have been reported by the
writer (1958), and an outline is given in Chapter II.

B. San’in Province

1. Inner Subprovince. The Subprovince includes the larger part of the so-called
Green Tuff region of Shimane Prefecture, and since 1949 it has been studied in detail
under the leadership of Prof. S. IMAMURA by the San’in Neogene Research Group
of the Institute of Geology and Mineralogy, Faculty of Science, Hiroshima Univer-
sity. Many valuable results of some phases of the investigation, have been reported
by the San’in Group, on the occasion of the respective annual meetings of the Geol-
ogical Society of Japan, and the meetings of the West Japan Branch of the same
society. '

According to these results and recent investigations of the San’in Group, the Mio-
cene sediments and volcanics exposed within this Subprovince, may be summarized
in descending order, as follows, though it should be mentioned that minor changes
occur at different places owing to the difference in the sedimentary conditions.

1ZUMO GROUP

Thickness

Matsue formation seececeensseciiieaerenees unexposed in meters
Fujina formation .eceeeeeene P PPN Certescaeneristintittiienotasans [STTSPTION 750
Fujina Mudstone member or TOMITA and SAKAI's “Lower Huzina bed” (1938 a) «ecoevenueenes 500

Bluish massive and somewhat soft silty sandstone or mudstone, with abundant molluscan
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fossils as, Acila cf. submirabilis, Clinocardium shiobarense, Cultellus izumoensis, Dosinia kaneharai,
D. nomurai, Glycymeris gorokuensis, Lyropecten kagamianus, Macoma optiva, Mercenaria chitaniana,
Patinopecten kimurai matsumoriensis, Pecten (Patinopecten) murayamai, Pitar itoi, Serripes Sujinensis,
S. pauperculus, and Shichikeia japonica; this grades downwards into medium to coarse-grained
brownish sandstone.

conformity
Kimachi Sandstonc member or. TOMITA and SAkAr's “Kimati bed” (1938 a) «veceeriersiinnienia 250
Dark bluish or grayish blue, medium to coarse-grained sandstone with some tufl layers
and megafossils as, Chlamys cosibensis, Lyropecten kagamianus, Protothaca aff. tateiwai,and shark-
’s tecth, in the upper part, and an alternation of coarsc-grained sandstone and conglome-
rate consisting mainly of pebbles of andesitic rocks in the lower part.
' unconformity
IWAMI GROUP
Omori formation, or TOMITA and SAKAIL's “Omori bed” (1938 ) +eevrererrenseenrienieeniinsineeninenne ?
Volcanic materials showing a secquence from the lower or basic to the upper or acidic:
i. ¢, basaltic or gabbroic rocks, two-pyroxcnc-andesite, dacite, and two-pyroxene-leuco-
andesite, intercalating sandstone facies with marine molluscan fossils as, Chlamys cf. meisen-
sis, Lyropecten cf, kagamianus, and Patinopecten cf. kimurai etc., and shale facics with fossil as
Propeamussium cf. tateiwai ctc.
unconformity
Kuri formation, or “Upper Tamatsukuri formation” or “Upper Kawai formation” of the
San’in Group till 1956 ........ eeteteetertententbenitetasasternshesrenttrtnsesassnansnsastntsnaiensaetennas 300-400
Hard black shale with abundant smaller Foraminifera; poor arcnaccous fauna in the
upper part; abundant calcarcous and arcnaceous forams in the lower part, intercalating
partly greenish tuffs, tuff breccias, and flows of two pyroxenc-andcsite and plagiorhyolite.
It also contains rarcly molluscan remains (Acila sp., Nucula sp., Propeamussium tateiwai, and
Yoldia sp. ctc.), and grades downwards into a coarsc-grained facics.

conformity  —-
Kawai formation, or “Lower Tamatsukuri formation” or “Lower Kawai formation” of the
San'in Group till 1956 «evvevieciancninninennnnes sieseersesesansatentans ereressanare tenetseessesaseattacnttensrtens 250

Bluish medium to coarse-grained sandstone, with abundant molluscan fossils as, Anafara
valentula, Chlamys cosibensis, C. heteroglyptus, Iyropecten kagamianus, Patinopecten kimurai, Sira-
toria siratoriensis, Shichiheia japonica, Pugilina sazanami, and Protorotella cf. yuantaniensis ctc.:
grading downwards into conglomerate consisting mainly of granitic rocks.

unconformity o r

HATA (KIMITANI or KOKUBU) SUBGROUP or “Prec-Kokubu Volcanic Rocks” or “Hata

Group” or “Nabeyama Group” or “Kimitani Group” of the San'in Group till 1956 ...... 900+
A voleanic complex consisting mainly of basalt, two-pyroxene-andesite, dacite, rhyolite,

and its pyroclastics, with shale facies bearing coal scams and plant fossils in its upper part

(Cinnamomum sp., Dryophyllum dewalqui, Metasequoia japonica, Myrica Naumanni, Quercus dryme-

ja, and Zelkova Ungeri etc.) '

unconformity
BASEMENT ROCKS
Granitic rocks, diorites, and schists,

As to the microfossils from this Subprovince, the smaller Foraminifera from the
Kawai and Kuri formations combined here as from the “Tamatsukuri group” in the
area south of Izumo City,Shimane Prefecture, was reported by K. OKAMOTO and
Y. TAT1 (1956). The result may be summarized in Chapter II. The newly obtained
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data from the Subprovince are described in Chapter IIL

9. Outer Subprovince. As shown in Figure 1, this Subprovince occupies the northern -
side of the Inner Subprovince mentioned above. -The geologic condition of the former
is similar to that of the latter, but differs from it in the non-development of the Hata
subgroup or its equivalent which is the lowermost of the San’in Miocene sequence
and in lacking the lower two microbiostratigraphic units described in Chapter IV.

The narrow belt area along the southern borders of Lake Shinji may be taken as
the representative area characterizing this Subprovince. According to the study of
T. TomiTA and E.SAKAT (1938a) and the recent investigations by the Research Group
of the San’in Tertiary, the Miocene stratigraphic sequence of this area may be sum-

marized in descending order, as follows;
Thickness
1ZUMO GROUP in meters
Matsue formation, or TomiTa and Sakar’s “Upper Huzina bed”, “Olivine-trachybasalts”,
“«Tuda bed”, “Hornblende-trachybasalts”, and “Matue bed” combined (19382)
The details are given in the description of the Shimane Peninsula Subprovince.

conformity ——o
Fujina FOPINALION cteereresssssnssracrsrtsrestottestosionsstunsesitoseosiosssseniastsctsneerssstssssseesessonassssassnns 900+
Fujina Mudstone member, or TOMITA and SARAl’s “Lower Huzina bed” (19382) .eeevveeeesse 700
Bluish massive and somewhat soft silty sandstone or mudstone, with abundant smaller
Foraminifera and important megafossils as, Desmostylus japonicus, Cardium shinjiense, Cultellus
szumoensis, Lyropecten kagamianus, Natica janthostoma, and Serripes fujinensis etc. '
—  conformity ——M8M ——
Kimachi Sandstone member, or ToOMITA and SAKAL's “Kimati bed” (1938a):cccneeeeresansaiiansies 200
Dark bluish or grayish blue coarse-grained sandstone with molluscan fossils as, Cardium
shinjiense, Dosinia cf. kancharai, and Serripes fujinensis etc.; grades downwards into a congl-
omeratic facies.

_ unconformity
TWAMI GROUP tetiieerenenncseernmtesssesnttnmnesinrisiaeiestoniesiotestnssmsensonsesssatssssessssssstesessosssssiace 450+
Omori formation, or TO\AITA and SAKAI’s “Omori bed” (1938a) 200+
A volcanic complex with two-pyroxene-andesite in the uppermost and basalt flow in the
lowermost, intercalating tuff and volcanic conglomerate in the middle part.
~~~ o unconformity o
Tamatsukuri formation, or TOMITA and SAKAI’s “Tamatukuri bed” (1938a) .eveeescescreraienees veee 250

Hard black shale, intercalating plagiorhyolite lava-flow and its vitric tuff layers and
containing marine megafossils as, Lima goliath, Propeamussium tateiwai, and Yoldia aff. kikuchii
etc.; grades downwards into coa‘rse-graincd sandstone and conglomerate.

unconformity

BASEMENT ROCKS
Granites, granodiorites, and granite-aplites.

As to the smaller Foraminifera, those from the Fujina formation was reported by
the writer (1955), and the details are described in Chapter II. The newly obtained
data from the Subprovince are described in Chapter III.

3. Shimane Peninsula Subprovince. As shown in Figure 1, this Subprovince includes
the whole Shimane Peninsula. Since 1949, the writer studied the geology of this
Peninsula, and has presented some phases of the investigations on the occasion of
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the respective annual meetings of the Geological Socicty of Japan, and at the meet-
ings of the West Japan Branch of the same society. Recently, he has established the
lithostratigraphic sequence of the central arca of this Peninsula, and pointed out that
it shows a sedimentary cycle from middle Miocene to lower Pliocene (TAI, 1952,
1953, 1955, 1956, 1957).

The stratigraphic sequence of the Subprovince may be summarized in descending
order, as follows;

Thickness

SHINJI GROUP in meters
Matsue formation ceceesaens ceeernsnn tessensensententesnesensenae ceerserettessntnsecrirrane seessersassesissanns vesens wee 800
Kuroda Sandstone member, or'ToMITA and SAKAl's “Matuc bed” (1938a) ..... [ETTTTTSP PRI 150

Bluish, loose, coarse to medium-grained sandstone, containing lignite scams and tuffa-
ccous materials, rarely yiclding molluscan fossils as, Cerithium sp., Ostrea sp., and Cultellus
izumoensis ctc.

apparent unconformity ?
Kawazu Tuff member, or ToMITA and SakAr’s “Hornblende-trachybasalts”, “Olivine-tra-
chybasalts”, and “Tuda bed” combined (1938a), or “Kawazu bed” (1938b) «eceurersciiiearnen 550+

A volcanic complex consisting mainly of olivinc-trachybasalts, hornblendc-trachybasalts,
pyroxenc-andesite, and their pyroclastics with molluscan fossils as, abundant Turritella
nipponica, Glycymeris n. spp., Anadara ogawai, Chlamys cosibensis, C. namigataensis, Placopecten
cf. akihoensis, Pitar itoi, and Cultellus izumoensis etc., intercalating laterally variable volcanic
conglomerate and yellowish, loosc, coarse to medium-grained sandstone.

—————  conformity ———
Terazu Sandstonc member, or TOMITA and SAkAr’s “Upper Huzina bed” (1938a) ..... [RTTTTe 100
Bluish or yellowish, loose, coarse to medium-grained sandstone, containing lignite scams
and molluscan fossils as, abundant Cultellus izumoensis and Turritella saishuensis, and some
Cerithium sp., and Ostrea sp. ctc.; passes downwards into silty sandstone or mudstone.

conformity
Furue formation «eeecesscecsrerinesctsrssssasessscsienvencasnses terrsectastretiesisintsntsasnrsnness cessreesntecen sosens 1400
Furue Mudstone member, or ToMITA and SAKAI’s “Hurue bed” (1938b) ........ STTTTPPIPPPITIIIN 1000
Dark bluish or grayish, massive, and somewhat soft mudstone, containing abundant arc-
naceous smaller Foraminifera and some molluscan fossils; passes downwards into hard
black shale facies.

conformity
Ushikiri Alternation member ovivniiiniiiiiiniiieeesee. 100
An alternation consisting of dark graynsh andcsmc tuﬂ' tuﬂ"xccous sandstone, and hard
black shale, containing arcnaccous smaller Foraminifera and megafossils as, Cyclammina
incisa, C. spp., Propeamussium cf. tateiwai, Fish scales and Echmond spines,

conformlty

Jésbji Shalc MeEMDEE ceteeritresscercrentscsssssssnsssscassescsecee T 300
Hard black shale, intercalating bluish, coarse-grained tuff or tuffaccous sandstone and

containing smaller Foraminifera and some molluscan fossils as, Cyclammina japonica, Bathy-

amussium sp., Megayoldia sp., Nuculana sp., “Palliolum” n. sp., Propeamussium cf. tateiwai, Sol-

emya sp., and Yoldia sp. etc.

conformity
Koura formation «eeceeceenieneans teesiteessnssesrestassesentsrsanctaransannran cresaseeseestirnsensttsencssnsierans veeenss 600
Koura Tuff member cercercirerccsincieciececicesscencnns revecenne Ceeteesrstenssnasenssnsseerrerscrsccssssatnatane 500
A tuffaccous complex consisting mainly of volcanic conglomerate, rhyolitic tuff, and
tuffaceous sandstone with plant remains as, Berchemia racemosa, Cin mum Scheuchzeri,

276



Miocene Microbiostratigraphy of West Honshd, Japan

Glyptostrobus europaeus, Laurus cf. primigenius, Metasequoia japonica, Planera Ungeri, Quercus cf.
glawa, Q. sp., and Ulmus sp., etc. and abundant Corbicula sp., intercalating some rhyolite
lave-flows. '
. ————— conformity ————
Koura Shale member, or TOMITA and SAKAI's “Koura bed” (1938b) «eeoserererissinnneceinans reenae 100
A fine-grained, fresh-water sediment, consisting mainly of hard, bluish tuffaceous shale
with abundant molluscan fossils as, Corbicula, Cuneopsis, Hyriopsis, Lamprotula, Parreysia, Se-
misulcospira, and Viviparus etc. and some plant remains, with some volcanic conglomerate
layers in the lower part.
....................... unknown

BASEMENT ROCKS .tcoeietiicincrererssscecoesaccones vene unexposed

The smaller Foraminifera from this Subprovince were reported by S. MURATA
(1951) and the writer (1955).

4. Oki Islands Subprovince. This Subprovince includes the whole Oki Islands in the
Japan Sea, as shown in Figure 1. T. TomITA (1936), from a geological and petrolo-
gical point of view, had studied the Dégo, Oki Islands and established a representa-
tive volcanic sequence. According to the stratigraphic observations in 1952-1953 by
S. IMAMURA, M. MUKAE, and the writer, TOMITA’s sequence may be revised and

summarized in descending order, as follows;
' : Thickness
. in meters
Hotokedani formation, or ToMmITA’s “Hotokedani group (Ts)”, “First trachybasalts (TB,)”,
“Basalt (B)”, and “Trachyandesite (TA)” combined (1936).
Conglomerate, sandstone, and clayey shale occur in the upper part, and basalts, trachy-

basalts, and trachyandesites in the lower part.
unconformity (?)

Débgo formation or ToMITA’s “Dégo group” (T,) (1936)

Marine sediments yielding smaller Foraminifera, mollusca, and diatoms.

Tsuma Sandstone member, or TOMITA’s “Tuma beds” (1936) «ecevereeeriiniiniinnnnnian resrenenes 150+
Grayish fine to medium-sandstone with molluscan fossils as, Cardium, Crenella, Mpya, Pec-

ten, and Natica etc., intercalating conglomerate and conglomeratic sandstone layers.

...................... relation unkncwp

Igo Mudstone member, or TOMITA's “Igo beds” (1936) veeerreeesecnmenrennsnneneriicciininncenan

A massive grayish clayey mudstone with calcareous smaller Foraminifera and mollusca

50+

as Chrysodomus.
unconformity (?)

Ochi formation, or TOMITA’s “Nakayama group” and “Oti group” combined (1936)

Tuffaceous coarse-grained sediments consisting of pyroxene-andesite, andesitic green
tuff and tuffite, tuffaceous sandstone and conglomerate, containing coal seams and plant
fossils as, Acer, Ficus, Juglance, Liquidambar, Osmunda, Quercus, Salix, and Ulmus etc.

} unconformity (?) ~——————n~
_Suki formation, or TOMITA’s “Suki group” (1936)

Rhyolite and pyroxene-andesite flows, andesitic tuff and tuffiite, and shale with plant re-
mains as, Carpinus, Castanea, Liquidambar, Planera, Populus,and Salix ctc. in the upper. part,and
arkose sandstone with conglomerate and shale containing Sequoia leaves in the lower part.

unconformity

BASEMENT ROCKS ,
Oki gneisses and granitic intrusives.
As to the smaller Foraminifera of the Subprovince, that from the Dégo formation

was reported by the writer (1956), and is summarized in Chapter IL
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CHAPTER II

HISTORICAL SUMMARY OF THE NEOGENE FORAMINIFERA

The previous records of the Foraminifera from the marine Neogene sediments de-
veloped in West Honshd, Japan, are found in the following references.

L,

2

1918

YABE, H., 1918, Notes on Operculina-Rocks from Japan, with Remarks on “Nummulites” cumingi CAR-
PENTER: Sci. Rep. Tohoku Imp. Univ., ser. 2, vol. 4, no. 3, pp. 105-126, pl. 17. h

1931 : ,

. IMAMURA, S, 1931, On the Occurrence of Operculina near Yatsuo, Toyama: Jour. Geol. Soc. Tékyd,

vol. 38, pp. 541-542 (in Japanese).

1932

. HANzZAWA, S., 1932, Localities of Operculina and Miogy[::iué in Japan: Jour. Geol. Soc. Tékyd, vol. 39,

no, 470, pp. 723-724 (in Japanecsc).

1934

. Yast, H. and MasucHi, S., 1934, Some Geological Observations in Nariwa District, Bittyd: Jour.

Geol. Soc. TGkyd, vol. 41, no. 487, pp. 161-168 (in Japanese).

1935

. Yane, H., 1935, New Find of Miogypsina in the Tertiary of Mino: Proc. Imp. Acad. T6kyd, vol. 11, no.

4, pp. 144-145, text figs, 1-5.

HANZAWA, S., 1935, Some Fossil Operculina and Miogypsina from Japan, and Their Stratigraphical
Significance: Sci. Rep. Tohoku Imp. Univ., ser. 2, vol. 18, no. 1, pp. 1-29, pls. 1-3.

1949

. MorisHiMA, M., NAKASEKO, K., MaRuUASHI, M, and INoUE, H., 1949, Micropalcontological Studics

on the Tertiary Formations in Western Toyama (Part 1): Jour. Jap. Assoc. Petr. Tech., vol. 14, no.
1, pp. 2-8 (in Japancsc).

. IKEBE, N., 1949, Tertiary Stratigraphy of Western Toyama and Eastern Ishikawa Prefectures: Sei.

Larth, vol. 1, no. 1, pp. 14-26 (in Japancsc).

In this report, IKEBE proposes the following six faunizones in ascending order,
namcly, Miogypsina kotoi-, Nodosaria insecta-, Martinottiella cf. communis-, Epistominella
pulchella-, OST-, and Polystomellina discorbinoides zones. The former five faunizones oc-
cur in the Yokawa group, and the latter one in the Himi group. Both groups are dis-
tributed in western Toyama and eastern Ishikawa Prefectures. He also established
the following four stages in ascending order, namely, Onomian, Kamishoan, Tona-
mian, and Onman, based on the mentioned faunizones. The details of these stages and
faunizones is discussed in the following report (NAKASEKO, 1952).

9.

1950
CHiji, M., and NakAsEko, K., 1950, New Species of Neogene Foraminifera from the Toyama Basin,
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Japan: Jour. Geol. Soc. Japan, vol. 56, pp. 519-522.

1951

10. MURATA, S., 1951, Mxoccne Cyclammma in the Vicinity of Matsue Clty, Shlmane Prefecture: ]our
Geol. Soc. Japan, vol. 57, pp. 509-510 (in Japanese).

1952

11. MURATA, S., 1952, Smaller Foraminifera from the Miocene Deposits of the Miyosi and Tuyama
Basins, Tyagoku, West Japan: Jour. Genl. Soc. Japan, vol. 58, pp. 491-492 (in Japanese).

12. NAGAHAMA, M., 1952, Applied Micropaleontological Studies on the Tertiary Formation of the Seki-
dé Mountainland on the Ishikawa-Toyama Fronner Mise. Rep. Res. Inst. Nat. Res., no. 25, pp. 46—
51 (in Japanese).

13. NAKASEKO, K., 1952, On the Microbiostratigraphy of the Yokawa Group of the Western “Toyama
Basin”: Sci. Rep. Sou. Nor. Coll. Osaka Univ., no. 1, pp. 73-79 (in Japanese).

NAKASEKO deals with the Foraminifera from the Miocene Yokawa group distribu-
ted in the western part of the “Toyama Basin”, Toyama and Ishikawa Prefectures.
He distinguished the following five m1crob105trat1graph1cal units.or zones in ascending
order, namely, Miogypsina kotoi-, Nodosaria insecta-, Martinottiella cf. communis-, Episto-

minella pulchella-, and OST zones. N

(1) Miogypsina kotoi zone. - This zone is said to occur in a coarse-grained sedlmentary
facies of the lower Yokawa group, and is characterized by a varied assemblage which
-contains characteristic and dominant species as: Miogypsina kotoi, Operculina complanata,
Robulus lucidus, Rotalia cf. beccarii, Amphistegina radiata, Gyroidina soldanii, Eponides umb-
onatus etc. '

(2) Nodosaria insecta zone. - This zone occurs in a mudstone or very fine-grained
sedimentary facies of the lower Yokawa group and contains the largest number of
individuals and species of the zones above mentioned. It possesses a fairly uniform
assemblage with the following characteristic and dominant species: Angulogerina angu-
losa, Bolivina cf. robusta, Nodosaria insecta, Gyroidina soldanii, Nonion pompilioides, Rotalia
cf. japonica, Robulus yoshitakiensis, Cassidulina cf. laevigata, C. subglobosa depressa, Vaginulina
cf. boso, Sigmoilina cf. schlumbergeri, Eponides frigidus, Cyclammina spp. etc.

(3) Martinottiella cf. communis zone. - This zone occurs in a uniform mudstone of the
middle Yokawa group and is characterized with arenaceous foraminiferal genera and
other microfossils, such as Martinottiella, Cyclammina, Ammodiscus, Makzyama, Diatom,
and Radiolaria. The individual number of the calcareous Foraminifera and pelagic
forms as Globigerina become very rare compared with the underlying Nodosarz'a insecta

zone.

(4) Epistominella pulclzella zone. - This zone shows an increase in the individual num-
ber of the calcareous Foraminifera and the genus Globigerina. The zone is a mudstone
facies of the middle Yokawa group and has yielded the following characteristic and
dominant species: Epistominella pulchella, Nonion pompilioides, N. scaphum, Cassidulina
subglobosa, C. yabei, Eponides umbonatus, Uvigerina canariensis, U. pygmaea, Gyclammina
sp.. and Martinottiella cf. communis erc.
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(5) OST zone. - This zone is characterized by a siliceous microfossil which is consi-
dered to probably belong to the radiolarian Family Challengeridae, and for this Ra-
diolaria-like microfossil the tentative name of OST has been proposed. Foraminifera
are very rare. According to the classification of stages proposed by IKEBE (1949), the
Miogypsina kotoi- and Nodosaria insecta zones above corresponds to the Onomian stage,
and the Martinottiella cf. communis- and Epistominella pulchella zones to the Kamishoan,
and the OST zone to the Tonamian.

1953
14, Asano, K., 1953, Miocene Foraminifera from the Noto Peninsula, Ishikawa Prefecture: Short Papers,
IGPS, no. 5, pp. 1-12, pls. 1-3.

In this rcport, ASANO deals with the Miocene Foraminifera collected by K. MASu-
. DA from both the upper part of the Higashi-innai and Najimi formations, a siltstone
facies that conformably overlies the Miogypsina-Operculina zone in Noto Peninsula. The
latter zone is distributed in the northern part of Noto Peninsula, Ishikawa Prefecture,
West Japan. He concluded that the Noto microfauna is similar to that of Kar Nicobar
or Fiji Islands and that a certain part of the siltstone facies of Noto Peninsula is defi-
nitely middle Miocene in age.

15. TA1, Y., 1953, Miocenc Foraminifera from the Shébara Basin, Hiroshima Prefecture: Jour. Sei.
Hirvshima Univ., ser. c, vol. 1, no. 3, pp. 1-9.

In this paper, TAI deals with the Miocene smaller Foraminifera from the Middle
and Upper formations distributed along the southern side of the Saijé River, north-
west of the Shobara Railway Station in the Shobara basin, Hiroshima Prefecture. Since
IMAMURA’s stratigraphic classification (1953) of the deposits, the Middle formation in
this paper is called the “Lower Sandstone” and the Upper formation is the “Upper
Shale”, and both members are included into the “Bihoku group”. Details concerning
this group are given in Chapter L

The foraminiferal samples collected by the writer are from seven horizons (A-G)
from the Lower Sandstone which also yiclds Operculina and Vicarya, and three (H-J)
from the Upper Shale. The Foraminifera from the washed samples were distinguished
into 14 families, 35 genera, and 87 species excluding the pelagic forms; these are given
in Table 1. The molluscan fossils arc also listed together with the Foraminifera in
this paper.

TABLE 1

Check List of the Miocene Foraminifera from the Bihoku Group in the
Shébara Basin, Hiroshima Prefecture

Horizons

Eathysiphon sp. —_ == == =] 2| 4|—=] =
Bathysiphon? sp. —_—| | == == = =1 =1
Haplophragmoides sp. —|—=|—=|—=]—| 4| 2| 8|17 ]|~
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Horizons
Species

Haplophragmoides ? sp.
Cribrostomoides cf. kyushuense Asano

Cyclammina incisa (Stache)
Cyclammina cf. incisa (Stache)
Cyclammina pusilla Brady
Cyclammina sp.

Cyclammina? sp.

Gaudryina (Pseudogaudryina) ishikiensis Asano
Go'sella? sp.
Martinottiella communis (d’Orbigny)
Martinottiella? sp.

*Sigmoilina sp.

*Sigmoilina? sp.
Robulus cf. nikobarensis (Schwager)
Robulus pseudorotulatus Asano
Robulus cf. pseudorotulatus Asano
Robulus sp. :

Robulus? sp.

Lenticulina? sp.
Marginulina masudai Asano
Marginulina sp.

Dentalina emaciata Reuss

Dentalina cf. emaciata Reuss
Dentalina subsoluta (Cushman)
Dentalina sp.
Dentalina? sp.

*Nodosaria sp. A

#Nodosaria sp. B

#*Nodosaria sp. C
Lagenonodosaria cf. scalaris sagamiensis Asano
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Horizons
Species AI/B|CIDIE|F|G|H|T1}]J
Bulimina sp. — == =|—=l=] 2] ===
Bolivina marginata Cushman — -] =~ — | 1[{—=11
Uvigerina crassicostata Schwager —|—|—=—=]~|14| 8] 9| 4|—
Uvigerina nitidula Schwager — === == 1 |=|==
Uvigerina cf. nitidula Schwager —_—f— === 83| =|=|=] 7
Uvigerina cf. subperegrina Cushman and Kleinpell | — | — | — | —} — | — | — | — | — |48
Uvigerina sp. — | === =1 3|12|=1{11] 1
Uvigerina? sp. —_— === == 1|~ =] =
Ellipsonodosaria lepidula (Schwager) —_— | === |—|79|2¢4|10|10]| 2
Ellipsonodosaria sp. — === =|=1=|=f{~=] 2
Discopulvinulina sp. — | == === 1]=|=]—=
Eponides tanai Uchio —_ | === === = 1=
Lponides cf. tanai Uchio —_ === 1| === ==
Eponides cf. umbonatus (Rcuss) —_—| =] =] =] === 5] 5
LEponides sp. I1|—|—|—|—]|18|21 83327
Eponides ? sp. —_— | == == 2|2 =|—=1| 5
Rotalia inflata (Segucnza) —_— | — == =162 ===
Rotalia tochigiensis Uchio — || == | == 5|—=]|—=]|—=
Rotalia sp. 5| 2130 |—|—4] 1 |—}|—|—
*Baggina sp. — | —|—=|—=|~—1=16 —_| -
Cassidulina laevigata carinata Cushman —_ |- =| = |- —|28|— 46| 3
Cassidulina sp. —_ | === —=1=] 7] 6|—=|—=
Cassidulina? sp. —_ === == 3] 1] =] —
Planulina wuellerstorfi (Schwager) —— ] — === 1 - = =
Planulina cf. wuellerstorfi (Schwager) —_ = 1| = =] === =] =
Hanzawaia tagaensis Asano —_ === == 8| = | = |-
Hanzawaia sp. —_ === 8| =] -] =] =
Hanzawaia? sp. ' —_— | — == == 3| = — | —
Cibicides cf, floridanus (Cushman) — ===t =] 7| == ==
Cibicides pseudoungerianus (Cushman) — =] 3 — | —(27112120]11]13
Cibicides sp. —|=]—1] 2| 6|—] 6]|23(42
Cibicides? sp. —_— === =] =] 6] =] -
The total number of specimens (benthonic Foram.)| 17 |422| 47 | 1| 4 {342(367}151 234|328
Globigerina spp. —|—t—}~-|—|— 2080|250 —

Ten samples (A-J), cach weighing 200 grams, were first washed, sieved and then dricd in an incubator,
The dried materials were respectively divided into cight cqual parts, and onc-cighth part of cach sample
was cxamined under the binocular microscope for individual counting of the Foraminifera. As a result
of quantitative analysis of the foraminiferal fauna from cach sampling horizon, the specics and their indi-

vidual number are indicated in the Table.
Horizons:

A- Stratigraphically 18.5m. above the base of the Lower Sandstone (the Middle formation in this re-
ference), the lower division of the Bihoku group, distributed along the southern side of the Saijo

River, Shobara basin, Hiroshima Prefecture.
B- Stratigraphically 21.5m. above the base of thec Lower Sandstone

.

C- Stratigraphically 24.5m. above the base of the Lower Sandstonc.
D- Stratigraphically 27.0m. above the base of the Lower Sandstone.
E- Stratigraphically 31.0m. above the base of the Lower Sandstonc.
F- Stratigraphically 33.5m. above the base of the Lower Sandstone.
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G- Stratigraphically 37.5m. above the base of the Lower Sandstone.
H- Stratigraphically 40.5m. above the base of the Lower Sandstone, or 1.5m. above the base of the Up-
per Shale (the Upper formation in this reference).
I- Stratigraphically 42.5m. above the base of the Lower Sandstone, or 3.5m. above the Upper Shale.
J- Stratigraphically 45.5m. above the base of the Lower Sandstone, or 6.5m. above the Upper Shale.
*: Sigmoilina sp.=S. imamurai Tai ; Sigmoilina? sp.=S. sp.; Noedosaria sp. A= N. notoensis Asano; Nodo-
saria sp. B=Lagenonodosaria scalaris sagamiensis Asano; Nodosaria sp. C=N, pyrula d’Orbigny; Bag-
gina sp. = B. notoensis Asano (TAt, 1954),

1954

16. Tal. Y., 1954, Miocene Smaller Foraminifera from the Tsuyama Basin, Okayama Prefecture, Japan:
Jour. Sci. Hiroshima Univ., ser. c, vol. 1, no. 4, pp. 1-24, pl. 1.

In this report, TAI treats the smaller Foraminifera from the northern cliff (Lat.
35°03'48"N., long. 134°09'46.4”E.) of the Yoshino Primary School, which is situated
about 14km. east of Tsuyama City in the Tsuyama basin, Okayama Prefecture. The
sediments exposed here are referred to the Bihoku group which contains Miogypsina-
" Operculina-Vicarya fauna in its lower part. The Foraminifera were studied both quan-
titatively and microbiostratigraphically. According to current usage, the Sandstone
member and the Shale member are referred to the Lower Sandstone and the Uppel
Shale respectively of S. IMAMURA (1953). :

Smaller Foraminifera of the Tsuyama Miocene are listed in Table II.

TABLE II
Check List of the Miocene Foraminifera from the Bihoku Group of the Northern
Cliff of the Yoshino Primary School in the Tsuyama Basin, Okayama Prefecture

Horizons |
Species ' D E F G H I
Bathysiphon sp — — 16 2 — 3
Haplop. ragmozdes trullissatum (Brady) — — 20 16 — 2
Haplophragmoides sp. — — 2 23 6 —_
Haplophragmoides? sp. — — 1 5 2 8
Cribrostomoides kyushuense Asano — — — 1 — —
Cribrostomoides ? sp. —- — 1 —_ —_ —
Cyclammina incisa (Stache) — — 3 42 6 4
Cyclammina cf. incisa (Stache) — — 2 — —
Cyclammina incisa? (Stache) — —_ 1 — —
Cyclammina sp. -- — 3 20 2 —_—
Cyclammina ? sp. —_ — —_ _ ) —
Gaudryina (Pseudogaudryina) ishikiensis Asano —_ — 97 84 2 96
Gaudryina sp. — — | 201 21 —_ 12
"Gaudryina? sp. — — 36 6 — 5
Martinottiella communis (d’Orbigny) — - 92 (114 25 63
Sigmoilina imamurai Tai — —_ 48 — — 32
Sigmoilina sp. — —_ 11 4 — —
Sigmoilina? sp. - 1 — — — —
Robulus calcar (Linnaeus) —_ —_ 1 — — —
Robulus lucidus (Cushman) —_ - 86 2 — 14
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Horizons
Specics \ D E F G H 1
Robulus nikobarensis (Schwager) — —_ 69 — — 1
Robulus nikobarensis ? (Schwager) — — 4 - — —
Robulus notoensis Asano - — 13 2 — -
Robulus pseudorotulatus Asano — — 35 14 23 8
Robulus'cf. pseudorotulatus Asano —_ - — — — 2
Robulus sp. - — | 173 53 72 82
Robulus? sp. - — 33 — 5 11
Lenticulina asanoi Tai — - 1 — — —
Lenticulina sp. — — 1 2 — 2
Lenticulina? sp. — - - 2 - 2
Marginulina azuleata Neugeboren — - 2 — 5 2
Marginulina cf. glabra d’Orbigny - - 26 — 2
Marginulina masudai Asano - - 4 12 8 2
Marginulina . cf. masudai Asano - — 21 - —_ —_
Marginulina sp. — - 4 - — 2
Dentalina emaciata Reuss — - 60 34 — 5
Dentalina cf. soluta Asano - — 9 2 16 9
Dentalina spinosa d'Orbigny - — 2 - — —
Dentalina sp. — - 4 — 2 2
Dentalina? sp. — - — — — 2
Nodosaria cf. longiscata d'Orbigny — - 18 8 — 12
Nodosaria notoensis Asano — — 45 24 - —
Nodosaria pyrula d'Orbigny var. — —_ 13 2 1 —
Nodosaria fyrula? d’Orbigny - - — - — 1
Nodosaria cf. vertebralis (Batsch) - — 6 - — 1
Nodosaria sp. —_ —_ 2 —_ — —
Lagenonodosaria scalaris (Batsch) - — 22 - 11 2
Lagenonodosaria cf. scalaris sagamiensis Asano — - 34 22 5 9
Lagenonodosaria sp. — — 33 24 8 24
Lagenonodosaria? sp. - - 5 - - 1
Vaginulina bradyi Cushma — — 1179 38 12 18
Vaginulina sp. ' — — 6 — — -
Lagena laevis (Montagu) — — 6 11 - 2
Lagena sp. — — — —_ 2 —
Lagena ? sp. — — — — -— 2
Guttulina irregularis (d'Orbigny) - - 21 4 — —
Guttulina sadoensis ? (Cushman) — — 1 — —_ —
Guttulina sp. - —_ — 8 8 4
Guttulina? sp. - - —_ 4 5 —
Globulina? sp. - - — — — 1
Nonion japonicum Asano —_ 2 41 | 161 88 13
Nonion nicobarense Cushman —_ — 1 —_ 3 —_
Nonion sp. — 7 8 - — —
Nonionella miocenica Cushman - 2 20 2 — —
Plectofrondicularia japonica Asano —_ — 21 — — —
Bulimina inflata Scguenza - — 4 —_ — —
Bulimina striata d’%rbigny - - 8 5 - —
Bulimina striata notoensis Asano — — 13 26 — 56
Bulimina sp. — — 4 — — | 5
Bulimina? sp. — — 3 — — —_
Bolivina marginata Cushman — —_ 4 - — 24
Bolivina marginata masudai Asano - — -- — — 10
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Horizons
Bolivina sp. — — 2 — — -
Ubigerina crassicostata Schwager — — 53 26 - 28
Uvigerina crassicostata? Schwager — 2 — - —
Uvigerina hootsi Rankin - —_— — | 106 — —
Uvigerina cf. hootsi Rankin — —_ 72 35 — 2
Uvigerina nitidula Schwager — — -— 15 —_— —
Upigerina cf. subperegrina Cushman and Kleinpell — — 2 5 — —
Uvigerina sp. — — 8 23 — 11
Uvigerina ? sp. — - — 4 4
Siphogenerina? sp. 1 — — —_— —
Ellipsonodosaria japonica Ishizaki - — 10 10 — 2
Lllipsonodosaria lepidula (Schwager) — - 29 | 108 2 78
Ellipsonodosaria sp. : — — — 2 - 1
Ellipsonodosaria? s(f - - 2 — — —
Gyroidina soldanii d’Orbigny — - 53 8 - —
Gyroidina cf. soldanii d’Orbigny - — 2 — — —
Gyroidina soldanii ? d’Orbigny — 2 — — - —
Gyroidina sp. — — 2 1 - _
Gyroidina ? sp. —_ 2 - . — —
Eponides haidingerii d'Orbigny - - 36 2 — 2
Eponides cf. haidingerii d’Orbigny — - — "2 — —
Eponides praecinctus (Karrer) - - 33 5 - -
Eponides subpraecinctus (Karrer) - - 2 4 - -
Eponides umbonatus (Reuss) —_— — 32 — | - 5
Eponides sp. ' — — 23 2 9 -
Eponides ? sp. —_ — 14 — — -
Rotalia inflata (Seguenza) — — 86 22 18 5
Rotalia tochigiensis Uchio 757 | 206 — — - —
Rotalia sp. ' — 6 | 35| - | 6 4
Rotalia? sp. — — 12 - — | —
Baggina notoensis Asano —_ —_ 8 22 — 14
Baggina sp. — — 3 _ — —_
Baggina ? sp. — — 3 _ — —
Cassidulina laevigata carinata Cushman —_ — 8 71 6 —
Cassidulina sp. — — 8 i2 — 4
Cassidulina? sp. —_ — 9 — —_— —
Planulina nipponica Asano —_ — 6 2 — —
Planulina cf. nipponica Asano — - 82 16 — —
Planulina sp. — - 13.] — [ —
Hanzawaia tagaensis Asano — 11 | 108 24 2 1
Hanzawaia sp. —_ — 2 23 6 —
Hanzawaia? sp. — — 1 5 2 8
Cibicides pseudoungerianus (Cushman) — 2 69 4 — 35
Cibicides sp. — 1 22 16 1 19
Cibicides? sp. - 4 1 — 2
The total number of specimens (benthonic Foram.) 757 | 247 I 2441 ] 1377 | 376 | 814
Globigerinidae: - — | 2549 l 469 | 113 | 574

The method for individual counting of the Foraminifera is the same as used in the study of the Shébara
Miocene Foraminifera (Tar, 1953).
Horizons:
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D- Stratigraphically 15.0m. above the base of the Lower Sandstone (=Sandstone member in this refe-
rence), the lower Bihoku group, exposed at the northern cliff (Lat. 35°03'48"” N, long. 134° 09’464 E.) of
the Yoshino Primary School, which is situated about 14km. cast of Tsuyama City, Okayama Prefecture.

E- Stratigraphically 2.0m. above horizon D,

F- Stratigraphically 7.5m. above horizon D, or 2.0m. above the base of the Upper Shale (=Shale

member in this reference).

G- Stratigraphically 9.5m. above horizon D, or 4.0m. above the Upper.

H- Stratigraphically 11.5m. above horizon D, or 6.0m. above the Upper.

I- Stratigraphically 13.5m. above horizon D, or 8.0m. above the Upper.

For discrimination and correlation of the foraminiferal faunules, sce Table X and
Plate 38.

1955

17. Ta1, Y., 1955, Micropalcontological Study of the Furue formation, Geology of the Tertiary System
in Shimanc Prefecture, Japan (Part 3): Jour. Geol. Soc. Japan, vol. 61, pp. 407-420 (in Japanese).

In this report, the upper Miocene smaller Foraminifera from two members, namely,
the type F'ujina Mudstone (or ToMITA and SAKAT’s “Lower Huzina bed”) in the Outer
Subprovince and the type Furue Mudstone in the Shimane Peninsula Subprovince, are
dcalt with both palco-depositionally and -ccologically as follows;

Ficld evidence shows that the Fujina Mudstone distributed along the southern side
of Shinji Lake and the Furue Mudstone bordering the northern side are obviously co-
ntemporancous and equivalent in their stratigraphic positions. Although both litholo-
gic units consist of very fine-grained sediments, their arcas of deposition within the same
scdimentary basin arc not the same as proved by their contained foraminiferal faunas.

The Fujina Mudstone is characterized by such calcarcous foraminiferal genera as,
Uvigerina, Cibicides, Cassidulina, and Epistominella. On the other hand, the Furue Mud-
stonc is represented by such arenaceous foraminiferal genera as, Cyclammina, Haplophrag-
moides, Martinottiella, Goésella, and Plectina. This dissimilar microfauna is quite contrary
to what would be expected from a lithologically similar facies.

The contrasting microfauna can be explained by referring to the sedimentary and
ccological environments of the two similar lithological units by their contained ele-
ments. The Fujina may be regarded to have been deposited in the outer neritic zone
and the Furue in the outer bathyal zone. Structurally the Fujina and Furue occupy
the southern and northern wings of the same syncline.

By reconstructing the two units to their original positions and referring them to one
scdimentary basin, it became cvident that the basin configuration must have had a
characteristic contour, such as a *“‘graben-trough”.

The distribution of the smaller Foraminifera on which the foregoing conclusions are
based, are shown in Table III.

In the present paper, TAl also reported some arenaceous Foraminifera from the Mi-
ocene Josoji Shale- and Ushikiri alternation members, the subjacent ones below the
Furue Mudstone, distributed in the central part of the Shimane Peninsula. The Forami-
nifera obtained from both members are only the following five species, namely, Cye-
lammina cf. cancellata Brady, C. incisa (Stache), C. japonica Asano, C. cf. japonica Asano,
and C. sp. This assemblage may be named the Cyclammina faunule. -
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TABLE I

Check List of the Upper Miocene Smaller Foraminifera from the Fujina and Furue Mudstones,
Distributed along the Southern and Northern Sides of Shinji Lake, Shimane Prefecture

Members The Fujina Mudstone k The Furue Mudstone

Upper ) Lower Upper Lower
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33 samples, each weighing 200 grams, were first washed, sieved and then dried in an incubator. The
dried materials were respectively divided into two equal parts, and a half part of each sample was
examined under the binocular microscope for individual counting of the Foraminifera. Asa result of
quantitative analysis of the foraminiferal fauna from each sampling horizon, the species and their indivi-
dual numbers are indicated in this Table. '

Sampling horizons: )
1- Stratigraphically about 520m. above the base of the type Fujina Mudstone exposed at the cliff of

Iwayamae, Tamayu-mura, Yatsuka-gun, Shimane Prefecture.

2- Stratigraphically about 10m. below horizon 1.

3- Stratigraphically about 40m. below horizon 1.

4- Stratigraphically about 60m. below horizon 1.

5~ Stratigraphically about 80m. below horizon 1.

6~ Stratigraphically about 95m. below horizon 1.

7- Stratigraphically about 115m. below horizon 1.

8- Stratigraphically about 135m. below horizon 1.

9~ Stratigraphically about 155m. below horizon 1.

10- Stratigraphically about 185m. below horizon 1.

11-- Stratigraphically about 195m. below horizon 1.

12~ Stratigraphically about 205m. below horizon 1.

13- Stratigraphically about 235m. below horizon 1.

14~ Stratigraphically about 280m. below horizon 1.

15~ Stratigraphically about 10m. above the base of the type Fujina Mudstone exposed at the cliff of
Iwayamae, Tamayu-mura, Yatsuka-gun, Shimane Prefecture. ’

16~ Stratigraphically about 55m. below the top of the type Furue Mudstone exposed at the cliff of Shinji
Lake coast at Terazu, west of Matsue City, Shimane Prefecture.

17- Stratigraphically about 50m. below horizon 16.

18- Stratigraphically about 259m. below horizon 16.

19~ Stratigraphically about 275m. below horizon 16.

20- Stratigraphically about 300m. below horizon 16,

21- Stratigraphically about 325m. below horizon 16, -

22~ Stratigraphically about 350m. below horizon 16,

23- Stratigraphically about 375m. below horizon 16.

24~ Stratigraphically about 400m. below horizon 16.

25~ Stratigraphically about 425m. below horizon 16.

26~ Stratigraphically about 475m. below horizon 16,

27~ Stratigraphically about 500m. below horizon 16.

28-31~ These four sampling horizons are considered to represent about the middle part of the Furue
Mudstone, although the exact stratigraphic position of each could not be determined owing to
disturbance by faults, foldings, and weathering.

32- Stratigraphically about 130m. above the base of the Furue Mudstone exposed at Noma, NW of
Matsue City, Shimane Prefecture. Locality; Lat. 35°30°0”N., long. 133°0” 40”E.

33- Stratigraphically about 20m. above the base of the type Furue Mudstone exposed along the road

" cliff at Ushikiri, NW of Matsue City, Shimane Prefecture, Locality; Lat. 35°29’50.4"” N., long.
132°59°58.4'" E.

. From the distribution of the Foraminifera shown in Table III, the Fujina microfauna

. is subdivided into two foraminiferal faunules, namely, Uvigerina-Epistominella-Cibicides-
Cassidulina-Gaudryina-, and Haplophragmoides-Elphidium-faunules. The former occurs in
the upper horizons (1-11) of the Fujina Mudstone member, and the latter in its lower

horizons(12-15).
On the other hand, the Furue microfauna can also be subdivided into two faunules,
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namely, Eponides-, and Cyclammina-Haplophragmoides-Plectina-faunules. The former oc-
curs in the upper horizons (16-17) of the Furue Mudstone member, and the latter in
its lower horizons (18-33).

Of the faunules mentioned above, the lower faunule of the Furue Mudstone may
correspond to the lower and upper faunules of the Fujina Mudstone. As described in

Chapter IV, these Fujina faunules just mentioned represent the greater part of the
Tujinan stage.

18. Cuujt, M., 1955, On the Microbiostratigraphy of the Yatsuo Group in the Yatsuo District of Toyama
Prefecture: Jour. Geol. Soc. Japan, vol. 61, pp. 162-172 (in Japanesc).

1956
19. Tat, Y., 1956, Miocene Smaller Foraminifera from Dogo, Oki Islands: Jour. Geol. Soc. Japan, vol.
62, pp. 212-213 (in Japancse).

In this short paper, TATI treats the upper Miocene smaller Foraminifera from the
Tsuma Sandstone and Igo Mudstone, distributed respectively on the southern and
northern coasts of Dogo, Oki Islands, Shimane Prefecture. He concluded that the Dégo
microfauna is correlative with that of the type Fujina Mudstone distributed along the
southern coast of Shinji Lake, Shimane Prefecture. Smaller Foraminifera from both
units arc listed in Table IV.

TABLE IV

Check List of the Upper Miocene Smaller Foraminifera from the Igo Mudstone
and Tsuma Sandstone Distributed in Ddgo, Oki Islands, Shimane Prefecture

Species i Igo Tsuma

Angulogerina cf. hughesi (Galloway and Wissler)
Angulogerina kokozuraensis Asano
Anomalina sp.
LBulimina sp. indet.
*Cassidulina laevigata carinata Cushman

[N-I 412 O3 —

Cassidulina margareta Karrer
Cassidulina cf. subglobosa Brady
Cassidulina sp. indct.
*Cibicides aknerianus (d’Orbigny)
*Ctbicides lobatulus (Walker and Jacob)

*Cibicides pseudoungerianus (Cushman) 3
Cibicides n. sp.
Cibicides sp. indet,
*Cribroelphidium tomitai Tai
Cribrostomoides cf. kyushuense Asano

*Cyclammina pusilla Brady
Discopulvinulina cf. bertheloti (d’'Orbigny)

*Epistominella pulchella Husezima and Maruhasi 2

*Eponides frigidus (Cushman)
Eponides sp. indet.

*Globigerina bulloides d’Orbigny
Globobulimina sp. indet.
Guttulina sp. indet. 2
Lagena striata (d’'Orbigny)
Martinottiella sp. indet.

—
(o]
—Cr

_—r

—r ) e

——— 0 D
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Species Igo Tsuma
Nonion pompilioides (Fichtel and Moll) - : 28 .
Nonion cf. pompilioides (Fichtel and Moll) 1
Nonionella sp. indet. 8
*Puyllenia salisburyi R. E. and K. C. Stewart 2
Pullenia sp. indet. 3
Robulus sp. indet. 1
Trochammina sp. indet. 1
*Uvigerina cf, hootsi Rankin 1
*Uvigerina nitidula Schwager 29
*Uvigerina segundoensis Cushman and Galliher 14
*Uvigerina subperegrina Cushman and Kleinpell 45
*Uvigerina yabei Asano 11
Uvigerina sp. indet. 7
Valvulineria sp. indet. . 2 2

24 samples including 22 others that yielded no Foraminifera, each weighing 200 grams, were first wash-
ed, sieved and then dried in an incubator. The dried materials were respectively divided into two equal
parts, and a half part of each sample was examined under the binocular microscope for individual counting
of the Foraminifera. As a result of quantitative analysis of the foraminiferal fauna from each sampling
locality, the species and their individual numbers are indicated in Table IV,

Sampling localities: o

Igo- Igo locality (Lat. 36°19°30” N., long. 133°16’06”” E.) A mudstone facies of the type Igo Mudstone

exposed at the beach cliff of Igo, Naka-mura, Suki-gun, Dégo, Oki Islands, Shimane Prefecture.

Tsuma- Tsuma locality (Lat. 36°11°15.5”” N., long. 133°14’30"” E.) A fossiliferous sandstone facies of the

type Tsuma Sandstone exposed at the beach cliff of Kamaya, Tsuma-mura, Oti-gun, Dégo, Oki
Islands, Shimane Prefecture.
* : Species in common with of the Fujina Mudstone mentioned above.

20. Ta1,Y:, 1956, On the Microbiostratigraphy of the Cenozoic Strata in Chiigoku and Kinki Districts:
Earth Science (Chikyu-kagaku), no. 30, pp. 9-18 (in Japanese).

In this report, TAI established tentatively five microbiostratigraphic units or zonules
from his previous foraminiferal data of the Chagoku District. These zonules are in
ascending order, as follows; ‘

1) Miogypsina kotoi-Operculina complanata japonica Zonule

2) Lagenonodosaria scalaris-Uvigerina crassicostata Zonule

3) Cyclammina spp.-Haplophragmoides spp. Zonule (“PF Zone”)

4) Uvigerina subperegrina-Epistominella pulchella Zonule

5) Nonion pactficum-Rotalia cf. beccarii Zonule

These details are discussed in Chapter IV.

1957

21. Tar, Y., 1957, Microbiostratigraphical Study of the Cenozoic Strata of the Western Setouchi Provi-
nce, Japan: Geol. Rep. Hiroshima Univ., no. 5, pp. 1-58 (in Japanese).

In this report, TAI treats the foraminiferal faunas from the Miocene strata of the
Miyoshi, Shébara, Niimi, and Tsuyama basins in the Chiigoku District (or the western
Setouchi Province) and Nara basin in the Kinki District (or the central Setouchi Pro-
vince).
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He discussed the relation: between two units, namely, microbiostratigraphical ones
based on the foraminiferal assemblages of the faunas, and lithostratigraphical ones,
previously established, of the Miocene marine sediments in the same basins.

1) Miyoshi Miocene Foraminifera. :

17 foraminiferal samples from the Bihoku group (Lower Sandstone and Upper Sha-
le) exposed at the road cliff of Obara in the Miyoshi basin, Hiroshima Prefecture
were washed and the Foraminifera obtained are listed in Table V.

TABLE V

Check List of the Miocene Foraminifera from the Bihoku Group
in the Miyoshi Basin, Hiroshima Prefecture

Samp. hors.
Specics

Bathysiphon sp. indct, 4
Haplophragmoides sp. indet. 6
Haplophragmoides? sp. indet. 2
Ammobaculites sp. indet. 1 1 1
Cyclammina incisa (Stache) 1

11234567 ]|8|9([10}11[12][13]|14]|15(16]17

—

151 17| 6| 19| 4
13| 4] 14 4| 1

[

Cyclammina cf. incisa (Stache) .
Cyclammina cf. japonica Asano
Cyclammina pusilla Brady
Cyclammina sp. indct.
Verneuilina sp. 3

NN

Gaudryina (Pseudogaudryina) 7 13

ishikiensis Asano
Plectina nipponica Asano . 1
Plectina sp. indet. 1
Gossella schencki Asano N 1
Martinottiellacommunis'd’Orbigny) 270 11 7} 4 4] 8| 49| 19| 4 5

Schenckiella victoriensis (Cushman) 16
Sigmoilina imamurai Tai . 1|- 10 1| 2
Sigmoilina schlumbergeri Silvestri 6
Trochammina sp. indet. 1 1
Robulus cf. asanoi Takayanagi 1

Robulus iotus (Cushman) 1
Robulus javana simplex (Koch) 11 2 4
Robulus lucidus (Cushman) 2l 2 1 21 6 6 8 4
Robulus nikobarensis (Schwager)
Robulus notoensis Asano 1

—
e e 03—
o

Robulus cf. orbicularis (d’Orbigny) 1

Robulus cf. tangens LeRoy 1)

Robulus yoshitakiensis 1
Chiji and Nakascko

Robulus cf. yoshitakiensis i 1 |
Chiji and Nakascko I 6

Robulus sp. indet. 23| 34] 53| 15| 43 26] 22| 15| 23| 28

Marginulina aculeata Neugcboren 7
Marginulina cf. glabra d’Orbigny
Marginulina masudai Asano

Marginulina sp. indet, 9
Dentalina emaciata Reuss 1

...

—t N
—
',_'—'—

.
o3

Dentalina insecta (Schwager)
Dentalina soluta Asano 4
Dentalina subsoluta (Cushman)

—
—
o
—
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Samp. hors.
Species

1213

Dentalina tauricornis (Schwager)
Dentalina sp. indet.

Nodosaria longiscata d’Orbigny
Nodosaria notoensis Asano
Nodosaria pyrula d’Orbigny
Nodosaria vertebralis (Batsch)
Nodosaria sp. indet.

Lagenonodosaria scalaris (Batsch)

Lagenonodosaria scalaris
sagamiensis Asano

Lagenonodosaria sp. indet.

Saracenaria sp. indet,

Vaginulina bradyi Cushman

Lagena acuticosta Reuss
Lagena cf. acuticosta Reuss
Lagena laevis (Montagu)
Lagena cf. laevis (Montagu)
Lagena sulcata spicata
Cushman and McCulloch

Lagena cf.sulcata spicata
Csuhman and McCulloch

Lagena sp. indet.

Guttulina irregularis (d’Orbigny)

Guttulina sp. indet,

Nonion japonicum Asano

Nonion nakosoense Asano
Nonion pompilioides

(Fichtel and Moll)
Nonion sp. indet,
Nonionella miocenica Cushman
Elphidium sp.

Elphidium sp. indet.

Operculina complanata japonica
Hanzawa :

Plectofrondicularia japonica Asano

Plectofrondicularia sp. indet.

Bulimina striata d’'Orbigny

Bulimina striata notoensis Asano
Bolivina marginata masudai Asano
Reussella aculeata Cushman
Utigerina crassicostata Schwager
Uvigerina nitidula Schwager

Uvigerina sp. indet.
Ellipsonodosaria japonica Ishizaki
Ellipsonodosaria lepidula(Schwager)
Lllipsonodosaria sp.
Ellipsonodosaria? sp. indet.

Discopulvinuling cf.

isabelleana (d’Orbigny)
Discopulvinulina sp. indet.
Gyroidina orbicularis d'Orbigny
Gyroidina soldanii d’Orbigny
Eponides frigidus (Cushman)

Eponides frigidus calidus
Cushman and Cole
Eponides haidingerii (d’Orbigny)
Eponides nipponicus
* (Husezima and Maruhasi)

DN N

—n (<)

o 8

11
31

N3
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13
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~——

Samp. hors.

Eponides praecinctus (Karrer) 2 3 Il
Eponides subpraecinctus Asano 21

Eponides umbonatus (Reuss)
Lponides sp. indet.

Rotalia cf. beccarii (Linnacus)
Rotalia inflata (Scgucnza)
Rotalia takanabensis (Ishizaki) 15| 19

Rotalia cf. takanabensis (Ishizaki) 1
Rotalia tochigiensis Uchio
Rotalia sp. indet.

Baggina notoensis Asano 1l 2
Amphistegina ? sp. indct,

8|9 [10]11]|12(13]14}15

—_
[oXE XX 0 )

sfa ola
(3]

Epistominella sp.
Cassidulina laevigata 9 4 3 12

carinata Cushman 1
Pullenia? sp. indet.
Sphaeroidina japonica Asano I
Planulina nipponica Asano 9 5 10 )

Planulina cf. subdepressa Asano I 1
Planulina wuellerstorfi (Schwager) 2 ]
Planulina sp. indct. 1
Hanzawaia nipponica Asano 1
Hanzawaia tagaensis Asano 1 1

. Cibicides lobatulus

(Walker and Jacob) 2 2 3 12 2

C*""C‘";*Cf’;;g;’;ggg)"f“""’ 211 8| 19| . 4| 13 6 32| 21 20| 16

Cibicides sp. indet. |
Dyocibicides sp. indet. 1

—
—

Total number of benthonic 0' | |

I
Foramieitor 200/200,2001200,200| 12|200|200|200,200:200| 0| 0

Pelagic forms 7o 4 12| 5| 24| 14

&3]
o
(=]

17 samples, each weighing 200 grams, were first washed, sicved and then dried in an incubator. In coun-
ting the specimens, 200 specimens were taken from cach dricd sample at random but when numbers were
less than 20, all of them are gathered. As a result of such quantitative analysis of the foraminiferal fauna
from cach sampling horizon, the specics and their individual numbers are indicated in this Table. Of the
sampling horizons, three (1-3) belong to the Lower Sandstone and the remaining (4-17) to the Upper Shale.
Sampling horizons: :

1- Stratigraphically about 10m, below the top of the Lower Sandstone, the lower part of the Bihoku
group, exposed at the road cliff (Lat. 31°47°54"/N., long, 132°53’43.4”” E.) of Obara, 1.5km. cast of the
Yatsugi Railway Station in the Miyoshi basin, Hiroshima Prefecture.

2- Stratigraphically about 7m. above horizon 1.

3- Stratigraphically about 9m. above horizon 1.

4- Stratigraphically about 1m, above the base of the Upper Shale, or the top of the Lower Sandstone
mentioned above.

5- Stratigraphically about 2m. above horizon 4.

6- Stratigraphically about 4m. above horizon 4.

7~ Stratigraphically about 6m. above horison 4.

8- Stratigraphically about 8m. above horizon 4.

9- Stratigraphically about 10m. above horizon 4.
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10- Stratigraphically about 12m. above horizon 4.

11- Stratigraphically about 14m. above horizon 4.

12- Stratigraphically about 16m. above horizon 4.

13- Stratigraphically about 18m. above horizon 4.

14~ Stratigraphically about 20m. above horizon 4.

15- Stratigraphically about 37m. above horizon 4.

16- Stratigraphically about 39.5m. above horizon 4.

17- Stratigraphically about 41m. above horizon 4. )

The distribution of the percentage of the dominant genera. based upon individual
unmbers given in Table V, is also represented as shown in Table VI. Thus, the Mi-
yoshi foraminiferal sequence in ascending order comprises the following four faunules;

1) Operculina-Rotalia-Nonion faunule

2) Robulus-Rotalia-Ellipsonodosaria faunule

3) Robulus-Martinottiella- Haplophragmoides-Eponides faunule

4) Martinottiella faunule

Pelagic forms occur in association with the faunules 2) and 3) above.

TABLE VI
Distribution of the Dominant Genera of Miyoshi Foraminifera (Numbers; %)
3 1 &4,
Faunules 3 =S 8 S P g 3

E o334 §3% ¢ c
} = = 3 =
£l T§8 B : E
ER L S ] = RN S )
§2 -3 3 333 S
& R ] 2 g

Genera 1l2]s|4]s|e|7]s]o]t0fu|iz]is]i]1s]1s]17.

Bathysiphon | 2.0 0. 5| 8.3] 7.5/ 8.5, 3.0/ 9.5/ 2.0]

Haplophragmoides 3.0 1.0,50.0 6.5 2.0, 7.0, 2.0/ 0.5

Cyclammina 4,50 1.0/ 2:0/ 8.3] 1.5] 1.0, 3.5/ 0.5

Gaudryina 3.5 6.5 | l 1.0

Martinottiella 13.5| 5.5 3. 5l33.3 2.0 4.024.5 9.5 2.0 100. 0

Sigmoilina 0.5| 5.0, I 3.5| 1.0

Robulus 12.519.0,27.0,10. 0;25. 0, 16.517.011.515.020. 5

Marginulina - 4.5 2.0 0.5 . |25 0.5 0.5 0.5 1.5

Denlalm'a 1.5 2.0I 1.5/ 4.0 3.0 1.5 1.0' 2.5/ 6.5 3.0

Nodosaria , 0.5 3.0 3.0[11.0 4.5{ 8.5 2.0/ 2.0 3 0 o.5i

Lagenonodosaria ‘ 2.5 0.5] 6.5 3.5 1.5/ 3.0, 3.5

Vaginulina 0.5 2.5/ 5.0, 4.0/ 2.0|  [14.5] 1.5 0.5| 2.5| 4. 5|

Lagena I 2.0 0.5 0.5 0.5/ 7.5 4.5| 8.5]15.0/

Guttulina 2.5 2.0/ | |05 0.5

Nonion 10.5 7.5 l.O| 1.5 0.5 0.5

Nonionella 2.5 2.5 1.0, 1.0} 0.5 0.5 '

Bulimina 0.5‘ 4.5 1.5 2.0, 2.0 1.5

Uvigerina 6.5 0.5 1.0

Ellipsonodosaria 1.5 6.521.0, 6.5 11.511.0| 5.5/ 8.0| 6.5

Eponides 2.5/ 2.5 2.o| 2.5/.7.5 13.5/18.011. 5| 7. 5[22.0

Rotalia 44.536.0 4.515.5[13.0 0.5 |

Cassidulina || 4.5 | 2.0 1.5 6.0

Planulina 4.5/ 4.0/ 5.0 1.0, 0.5. 0.5 |

Cibicides 11.5| 4.0j10. 5] 2.0, 8.0, 4.017.0/10.514.0, 9.0

[>~]
O
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2) Shobara Miocene Foraminifera.,

As shown in Table I, the smaller Foraminifera from the Shobara Miocene were lis-
ted by the writer from the Shébara River section (TAL 1953). Table VII shows the
distribution of the percentage of the dominant genera based upon individual numbers
shown in Table I.

TABLE VII
Distribution of the Dominant Genera of Shébara Foraminifera (Numbers; 95)

S \ 4, 8
Faunulcs 3 3.8 8 s 3
S 2 ¥ 2| E£E s 8
i g £S§ 8| S50 E
g 2 y5830 TSI
B ~N S
3 . ISE%) ¢
§ = 3
&% SR §3&
Genera . .
A B C D E F G H I J
Bathysiphon . 0.5 2.6 0.3
Haplophragmoides 29| 05| 66| 7.7 52
Cyclammina ' 3.3 81| L2
Gaudryina 13.2( 2.7
Martinottiella 0.6 0.3| 8.6]14.5
Sigmoilina 2.0 3.8
Robulus 33.3 15.5 | 16,6 || 10.6 40. 5
Marginulina 1.8 3.0 2.6
Dentalina 1.8 3.3 2.0 0.9 1.2
Nodosaria 0.9 2.4 .3 0.9] 0.3
Lagenonodosaria 7.4 1.8 3.0 40| 0.4
Vaginulina 3.7 0.3 2.2 8.6} 1.7
Guttulina 1.2 6.7 20| 0.4
Nonion 64,7 27.7 [ 100.0 25.0 | 0.6 | 2.2
Bulimina 20| 3.5| 07
Uvigerina 58| 6.0 60| 6.4]|17.1
Ellipsonodosaria 23.1] 65| 66| 43| L2
Eponides 5.9 25,0 58 (1.7 53]16.7(11.3
Rotalia 29.4 | 55.6 | 63.8 8.8| 7.6
Cassidulina 10.4 || 46 (19.7} 0.9
Hanzawaia 09| 1.6
Cibicides 6. 4 50.0 | 1.6 | 4.9 17.2 | 14.5| 17.0

From Table VII, three faunules were distinguished by TAI in ascending order, as
follows, namely, 1) Operculina-Rotalia-Nonion faunule, containing horizons A-E, 2) Ro-
bulus-Rotalia-Ellipsonodosaria- Eponides faunule, containing F and G, 3) Robulus-Martinotti-
ella-Uvigerina-Eponides-Cibicides faunule, containing H-J. Pelagic Foraminifera occur
abundantly in company with the faunules 2) and 3) mentioned above. In other words,
it became evident that pelagic forms occur firstly from about the uppermost horizon
of the Lower Sandstone in the Shébara River section. (see Table I).

3) Niimi Miocene Foraminifera.

Ten foraminiferal samples from the Bihoku group exposed at the road cliff of the
Daichinji-Muroyama section of Tetsuta~-machi, which is situated about 6 km. south
of Niimi City, Okayama Prefecture were studied. Foraminifera from the Niimi Mi-
ocenc are listed in Table VIII. :
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TABLE VIII

Check List of the Miocene Foraminifera from the Bihoku Groupin

Tetsuta-machi, South of Niimi City, Okayama Prefecture

Nos.
Species )

Rhabdammina sp. indet.

Siphotextularia n. sp.

Gaudryina (Pseudogaudryina) ishikiensis Asano
Gaudryina cf. yabei Asano

Sigmoilina imamurai Tai

Robulus cf. iotus (Cushman)
Robulus lucidus (Cushman)
Robulus nikobarensis (Schwager)
Robulus sp. indet.

Marginulina glabra d’Orbigny

Marginulina cf. glabra d’Orbigny
Marginulina sp. indet.

Lagenonodosaria fukushimaensis Asano
Lagenonodosaria scalaris (Batsch)
Lagenonodosaria scalaris sagamiensis Asano

Vaginulina cf. awaensis Asano

Vaginulina yoshihamaensis Inoue and Nakaseko
Lagena sulcata (Walker and Jacob)

Lagena sulcata spicata Cushman and McCulloch °
Lagena cf. sulcata spicata Cushman and McGCulloch

Guttulina irregularis (d’Orbigny)
Guttulina kishinoupi Cushman and Ozawa
Guttulina sp. indet,

Nonion grateloupi (d’Orbigny)

Nonion japonicum Asano

Nonion natosoense Asano

Nonion nicobarense Cushman
Nonion scaphum (Fichtel and Moll)
Nonion umbilicatulum (Montagu)
Nonion sp. indet.

Nonionella miocenica Cushman

Nonionella sp. indet,

Elphidium advenum (Cushman)

Elphidium cf, advenum (Cushman)

Elphidium etigoense Husezima and Maruhasi

Elphidium cf. tsudai Chiji and Nakaseko
Elphidium sp. indet.

Elphidiella momiyamaensis Uchio
Plectofrondicularia japonica Asano
Bulimina striata d’Orbigny

Bulimina striata notoensis Asano
Bulimina sp.

Bolivina marginata Cushman
Bolivina marginata masudai Asano
Bolivina robusta Brady

Bolivina cf. robusta Brady
Polivina n. sp. -

Bolivina sp. indet.

Reussella aculeata Cushman
Reussella cf. aculeata Cushman

Reussella spinulosa (Reuss)’

Uvigerina crassicostata Schwager

N O 0
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Species S 1123 |4|5(6|7|8[|910

Uvigerina cf. hootsi Rankin £ . 1 1 1| 2
Uvigerina nitidula Schwager 10]10(12]29]|15]10
Uvigerina cf, subperegrina Cushman and Kleinpell | 1 1 3

Uvigerina cf. yabei Asano

Angulogerina kokozuraensis Asano 1

Ellipsonodosaria lepidula (Schwager) 3

Discopulvinulina sp. indet.

Gyroidina soldanii d’Orbigny 2
2
3

3]
—
—

~

B o e

Eponides frigidus (Cushman)
Lfonides frigidus calidus Cushman and Cole 1
Lponides haidingerii (d'Orbigny) 1110
Eponides cf. haidingerii (d’Orbigny) 1
Eponides nipponicus (Husczima and Maruhasi) 1

Lponides praecinctus (Karrer) dlo3| 1| 4] 1 1 2

Lponides subpraecinztus Asano 121 1

Lponides cf. tanai Uchio 2

Eponides sp. indet. 1] 7| 4| 4 4 2
. Rotalia beccarii (Linnacus) 44 | 48 | 14 8

——cn
w

(S, 10 ]
(SR

Rotalia cf. beccarii (Linnaeus) 5
Rotalia beccarii hatatatensis Takayanagi

Rotalia takanabensis (Ishizaki) 117019 7| 6
Potalia tochigiensis Uchio 68 | 88 [ 42
DBaggina notoensis Asano 1 1 1

o= 3

Epistominella japonica (Asano) 212
Cassidulina laevigata carinata Cushman
Cassidulina margareta Karrer
Cassidulina pacifica Cushman

Cassidulina subglobosa Brady 1 2
Planulina nipponica Asano
Planulina wuellerstorfi (Schwager) 4
Planulina sp. indet.
Hanzawaia nipponica Asano . 1

Hanzawaia tagaensis Asano 4 91 9132113
Cibicides aknerianus (d'Orbigny) \ .
Cibicides lobatulus (Walker and Jacob) 2111
Cibicides pseudoungerianus (Cushman) 1 7115
Cibicides sp.

Dyocibicides sp. indet. 1

Amphistegina sp. indet. ’ Zil
1

—
[=-2 I - ]
—
—_—3
—
[=-]
3

NWENR — O -
—

B e
—

(S NS B

10

Total number of benthonic Foraminifera 0 |200]200 (200200200 {200 {200 200|200

Pelagic forms 21 2120543482

The method for individual counting of the Foraminifera picked from the washed samples, is the same
as used in the study of the Miyoshi Miocene Foraminifera (see the footnote of Table V). Of ten sampling
horizons, four (1-4) belong to the Lower Sandstone and the remaining (5-10) to the Upper Shale.
Sampling horizons:

1- Stratigraphically about 14.5m. above the base of the Lower Sandstone, the lower division of the Bi-
hoku group, exposed at the road cliff (Lat. 34°55’36”” N., long. 133°28"4.4” E.) of the Daichinji-Muro-
yama section, Tetsuta-machi, which is situated about 6km. south of Niimi City, Okayama Prefec-
ture.

2- Stratigraphically about 2m. above horizon 1.
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3- Stratigraphically about 2.5m. above horizon 1.

4- Stratigraphically about 3.5m, above horizon 1.

5- Stratigraphically about 14m. above horizon 1, or 3.5m. above the base of the Upper Shale or the top

of the Lower Sandstone.

6- Stratigraphically about 4m, above horizon 5.

7- Stratigraphically about 5m. above horizon 5.

8- Stratigraphically about 6m. above horizon 5.

9- Stratigraphically about 7m. above horizon 5.

10- Stratigraphically about 8m, above horizon 5.

Table IX represents the distribution of the percentage of the dominant genera based
upon individual numbers shown in Table VIIL

TABLE IX
Distribution of the Dominant Genera of Niimi Foraminifera (Numbers; %)
Faunules Rotalia-Robulus- Lagenonodosaria-Robulus-
Elphidiella Uvigerina-Hanzawaia -
Hor. Faunule Faunule
Genera 12| s |« | s |67 ]8]09]w0
Gaudryina 0.5 0.5| 1.O) 3.0| 0.5]| 3.0| 4.0
Robulus 13.5| 5.0|21.0( 14.0 7.5.10.0| 3.0 | 9.5 L5
Marginulina . 0.5 4.5 3.0] 2.0} 3.0| 0.5
Lagenonodosaria 5.0 5| 7.0|26.5|10.5 | 15.0
Vaginulina 1.5 1.0
Lagena ’ 0.5 13.5| 2.5| 5.5
Guttulina 0.5 05| 1.0 L.5| 0.5} 1.0
Nonion 50| 2.5| LO| 80| 2.5| 9.0| 6.5| 3.0 5.5
Nonionella 75| 45| 25| 65| 80| 20| 0.5 L5| 8.5
Elphidium 2.5 L5 0.5 2.0 0.5
Elphidiella 5.5| 4.0| 6.0
Bulimina 3.0| 3.5| 3.0| 3.5
Polivina . 2.0| 7.0| 40| 40| 9.0]13.0
Reussella 1.5| 2.5 | 3.0 0.5
Uvigerina 10.0| 5.5| 7.0]15.5| 9.5 |11.0
Angulogerina 0.5 0.5 1.0| 2.5| 2.0| 3.5
Ellipsonodosaria 20| L.5f 4.5 5.5
Gyroidina 1.0| L.O0| 1O 1.0O| L5
Eponides 1.0} 1.5[26.0( 65| 6.5| 50| 55| 55| 5.0
Fotalia 61.5|76.5 | 37.5 3.5| 55| 6.0 3.5 2.0
Baggina 0.5 2 0.5| 3.5 0.5 3.0 LO
Epistominella 10.0 { 10.5 | 4.0| 3.5| 50| 3.5
Cassidulina 1.0 L5f 20| L.O| 45| 4.0
Planulina 25| 20| 0.5 2.0
Hanzawaia 20| 45| 45| 160|155 80| 55| 7.5| 9.0
Cibicides 0.5 4.5 (13.0| 40| 50| 8.0| 50

The sequence of the foraminiferal assemblages in ascending order are the following
two faunules; 1) Rotalia-Robulus-Elphidiella faunule, and 2) Lagenonodosaria-Robulus-
Uvigerina-Hanzawaia faunule. Pelagic forms occur in company with faunule 2).

In the Niimi section, the Lower Sandstone is characterized with faunule 1) and the

Upper Shale with faunule 2).
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4) Tsuyama Miocene Foraminifera. »

In a previous report (TAI, 1954), the writer treated the Miocene Foraminifera from
the Bihoku group exposed at the northern cliff of the Yoshino Primary School, Shoé-
machi, Katsuta-gun, Okayama Prefecture. At the same time, 117 species were listed
from the Yoshio Miocene as shown in Table II. Table X shows the distribution of
the percentage of the dominant genera based upon individual numbers of these species
(see Table II). The sequence of the foraminiferal assemblages in ascending order are
the following two faunules; namely, 1) Operculina-Rotalia faunule, containing horizons
D and E, and 2) Robulus-Nonion-Gaudryina-Uvigerina faunule, containing F-I. Pelagic
Foraminifera occur very abundantly in company with faunule 2). In the Yoshino sec-
tion in the central Tsuyama basin, the Lower Sandstone is characterized with faunule
1), and the Upper Shale with faunule 2). The microbiostratigraphical position of the
two Yoshino faunules within the Tsuyama basin is discussed in the following pages.

TABLE X
Distribution of the Dominant Genera of Tsuyama Foraminifera (Yoshino Area) (Numbers; %)

Opmulina-
Rotalia
Faunule

Faunules Robulus-Nonion-Gaudryina-Uvigerina

Faunule

Genera D E

Q
=
—

Haplophragmoides
Cyclammina
Gaudryina
Martinottiella
Sigmoilina 0.4

Robulus
Marginulina
Dentalina
Nodosaria
Lagenonodosaria
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The writer, because of additional foraminiferal data from the Tsuyama basin, again
treats the Bihoku group distributed at Yasuda, Tsuyama City, Okayama Prefecture.

The 74 species of Foraminifera picked from the washed seven samples are listed in
Table XI.
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TABLE XI

Check List of the Miocene Smaller Foraminifera from the Bihoku Group Exposed
at Yasuda, Tsuyama City in the Tsuyama Basin, Okayama Prefecture

Hor. Nos.
Species

Bathysiphon sp. indet.
Ammodiscoides sp. indet.
Haplophragmoides renzi Asano
Haplophragmoides sp. indet.
Cribrostomoides cf. kyushuense Asano

Cribrostomoides sp. indet.
Cyclammina incisa (Stache)
Cyclammina pusilla Brady
Gyclammina sp. indet.
Plectina nipponica Asano

Plectina sp. indet.

Gossella schencki Asano

Gossella sp. indet.

Martinottiella communis (d’Orbigny)
Martinottiella sp. indet.

Schenckiella victoriensis ? (CGushman)
Quingueloculina sp. indet.

Spiroloculina communis incisa Cushman
Sigmoilina imamurai Tai

Sigmoilina schlumbergeri Silvestri

Trochammina sp. indet.

Arenaceous Foraminifera ge. et sp. indet.
Robulus cf. iotus (Cushman)

Robulus javana simplex (Koch)

Robulus lucidus (Gushman)

Robulus cf. nikobarensis (Schwager)
Robulus sp. indet.

Marginulina aculeata Neugeboren
Marginulina cf. glabra d’Orbigny
Marginulina sp. indet.

Dentalina subsoluta (Cushman)
Nodosaria longiscata d’Orbigny
Nodosaria cf. longiscata d’Orbigny
Nodosaria pyrula d’Orbigny
Nodosaria cf. pyrula d’Orbigny

Lagenonodosaria scalaris (Batsch)

Vaginulina? sp. indet.

Lagena striata (d’Orbigny)

Lagena sulcata spicata Cushman and McCulloch
Lagena sp. indet,

Guttulina sp. indet.

Nonion pompilioides (Fichtel and Moll)
Nonionella miocenica Cushman
Nonionella sp. indet.

Elphidium cf. clavatum Cushman

Cribroelphidium sp. indet.
Bulimina striata notoensis Asano
Entosolenia sp. indet.

Virgulina sp. indet.

Uvigerina cf. proboscidea Schwager

Angulogerina kokozuraensis Asano

Angulegerina sp. indet.
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Hor. Nos.

Species

Ellipsonodosaria lepidula (Schwager) 3
Discopulvinulina sp. indet.
Valvulineria sp. indet.

Eponides frigidus (Cushman)
Eponides frigidus calidus Cushman and Cole
Eponides haidingerii (d'Orbigny)
Eponides praccinstus (Karrer)
Eponides subpraecinctus Asano

Eponides tanai Uchio
Eponides sp. indet.
Rotalia sp. indct.
DBaggina notosnsis Asano
Epistominella sp. indct.

W NN =W

N oW W

Cassidulina laevigata carinata Cushman
Cassidulina subglobosa Brady 1
Cassidulina sp. indet.
Planulina nipponica Asano
Planulina sp. indet.

NOWWS N——

— e D

Hanzawaia tagaensis Asano
Cibicides cf, aknerianus (d'Orbiany)
Cibicides lobatulus (Walker and Jacob)
Cibicides pseudoungerianus (Cushman)
Cibicides sp. indct.

—
NOW

—
—— O NI —

Total number of benthonic Foraminifera 200 ( 200 | 200 | 200 | 200 50 200

Pclagic forms 425 4 1

The method for individual counting of the Foraminifera is the same as used in the study of the Miyoshi
Miocene Foraminifera (sce the footnote of Table V). All sampling horizons (1-7) here belong to the Upper
Shale, the upper division of the Bihoku group. Unfortunately, the Lower Sandstone, the lower division of
the same group, yiclded no Foraminifera.,

Sampling horizons:

1~ Stratigraphically about 13m. above the basc of the Lower Sandstone, or 2m. above the base of the
Upper Shale, cxposed at Yasuda, Tsuyama City in the Tsuyama basin, Okayama Prcfccturc. Lo-
cality; (Lat. 35°6°54"” N., long. 134°135.9”” E.)
2- Stratigraphically about 1m. above horizon 1,
3- Stratigraphically about 60m. above horizon 1.
4- Stratigraphically about 61m. above horizon 1.
5~ Stratigraphically about 62m, above horizon 1.
6- Stratigraphically about 66m. above horizon 1,
7- Stratigraphically about 67m, above horizon 1.

Table XII shows the distribution of the percentage of the dominant genera based
upon individual numbers given in Table XI.
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TABLE XII

Distribution of the Dominant Genera of Tsuyama Foraminifera (Ya§dda Area) (Numbers; %)

Martinottiella- .
Robulus-Eponi- Plectina-Trochammina-Haplophragmoides
des-Cibicides ' )

Hor. Faunule Faunule

Nos.

Faunules

Genera

_
.
(2]
N
(%]
.
N

Bathysiphon
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Cyclammina
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Sigmoilina
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From Table XII, the sequence of the foraminiferal assemblages in ascending order are
the following two faunules; 1) Martinottiella-Robulus-Eponides-Cibicides faunule, and 2)
Plectina- Trochammina-Haplophragmoides faunule. Pelagic Foraminifera occur remarkably
in company with faunule 1) above. In other words, pelagic forms occur from about
the base of the Upper Shale in the Yasuda section.

As to the relation between the two Yoshino faunules recognized previously (Table X)
and the present two faunules, the writer concludes that microbiostratigraphically the
present two faunules are superposed conformably above the two of the Yoshino. Per-
mitting the four faunules, the two Yoshino faunules plus the two of Yasuda, for the
whole Tsuyama microfaunal sequence, this foraminiferal sequence corresponds with
the four faunules recognized from a cliff in the Miyoshi basin.

5) Nara Miocene Foraminifera.

The foraminiferal samples examined are from the Miocene Fujiwara group exposed
along the southern cliffs in the Fujiwara Rifle-Range of Furuichi, Nara City, Nara
Prefecture. Smaller Foraminifera picked from the washed samples are listed in Table

XIII

TABLE XIII

Chetk List of the Miocene Smaller Foraminifera from the Fujiwara Group in
Furuichi, Nara City, Nara Prefecture '

Specics Hor., Nos.~|l 23] 4

Cyclammina inzisa (Stache) 1 1 | 1
Textularia lythostrota (Schwager) ‘
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Specics Hor. Nos.

10

Gaudryina (Pseudogaudryina) ishikiensis Asano
Gaudryina (Pseudogaudryina) cf. oga Asano
Gaudryina yabei Asano

Gaudryina cf. yabei Asano
Gaudryinella tsuchidai Uchio
Spiroloculina communis incisa Cushman
Spiroloculina sp. indet.

Stgmoilina imamurai Tai

Sigmoilina tenuis (Czizzk)
Sigmoilina sp. indet.
Pyrgo sp. indet.
Trochammina? sp. indet.
Robulus bicostatus Asano

Robulus calear (Linnacus)
Robulus cf. iotus (Cushman)
Robulus javana simplex (Koch)
Robulus lucidus (Cushman)
Robulus nikobarensis (Schwager)

Robulus cf. notoensis Asano

Robulus pseudorotulatus Asano

Robulus cf. surugaensis Asano  +

Robulus yoshitakiensis Chiji and Nakascko
Robulus n. sp. a

Robulus n. sp. B

Robulus sp. indet.

Marginulina aculeata Neugeboren
Marginulina cf, glabra d'Orbigny
Marginulina masudai Asano

Marginulina sp. indet,
Dentalina insecta (Schwager)
Dentalina cf. soluta Asano
Dentalina sp. indet.

Nodosaria longiscata d’Orbigny

Nodosaria cf. longiscata d'Orbigny
Nodosaria notoensis Asano
Nodosaria iyrula d’Orbigny
Nodosaria vertebralis (Batsch)
Nodosaria sp. indet.

Lagenonodosaria fukushimaensis Asano
Lagenovodosaria scalaris (Batsch)
Lagenonodosaria scalaris sagamiensis Asano
Lagenonodosaria sp. indet.

Saracenaria akitaensis Iwasa and Kikuchi

Saracenaria sp. indet.

Vaginulina cf. yoshihamaensis Inouc and Nakascko
Vaginulina sp. indect.

Lagena acuticosta Reuss

Lagena laevis (Montagu)

Lagena cf. laevis (Montagu)
Lagena perlucida (Montagu)
Lagena striata (d’Orbiény)
Lagena sulcata spicata Cushman and McCulloch
Lagena sp. indet.

Guttulina irregularis (d'Orbigny)

Guttulina cf. kishinouyi Cushman and Ozawa
Guttulina sp. indet.

Nonion japonicum Asano

Nonion nakosoense Asano
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Species

Hor. Nos.

6

8

9

Nonion scaphum (Fichtel and Moll)
Nonion umbilicatulum (Montagu)
Nonton sp. indet.

Nonionella miocenica Cushman
Nonionella sp. indet. :

Elphidium tsudai Chiji and Nakascko
Elphidium sp. indect.

Elphidiella momiyamaensis Uchio
Bolivina cf. robusta Brady

Reussella sp.

Ubvigerina crassicostata Schwager

Uvigerina cf. hootsi Rankin

Uvigerina nitidula Schwager

Uvigerina subperegrina Cushman and Kleinpell
Uuigerina yabei Asano

Hopkinsina sp. indet.

Angulogerina cf., occidentalis (Cushman)
Angulogerina sp. indet.

Ellipsonodosaria lepidula (Schwager)
Ellipsonodosaria sp. indet.

Discorbis cf. opercularis (d’Orbigny)
Discopulvinulina ? sp. indet,
Valvulineria sadonica Asano
Valvulineria? sp. indet.

Gyroidina soldanii d’Orbigny

Gyroidina sp. indet.

Eponides frigidus (Cushman)

Eponides frigidus calidus Cushman and Cole
Eponides praecinctus (Karrer)

Eponides n. sp. a

Eponides n. sp. 8

Eponides sp. indet.

Rotalia beccarii hatatatensis Takayanagi
Rotalia inflata (Seguenza)

Rotalia cf. inflata (Seguenza)

Rotalia takanabensis (Ishizaki)
Rotalia tochigiensis Uchio”
Rotalia sp. indet.

Baggina notoensis Asano
Epistominella japonica (Asano)

Epistominella cf. japonica (Asano)
Cassidulina margareta Karrer
Cassidulina pacifica Cushman
Cassidulina subglobosa Brady
Pullenia quinqueloba (Reuss)

~ Planulina nipponica Asano
Planulina wuellerstorfi (Schwager)
Planulina sp. indet.
Hanzawaia nipponica Asano
Hanzawaia tagaensis Asano
Hanzawaia cf. tagaensis Asano
Hanzawaia sp. indet.
' Cibicides lobatulus (Walker and Jacob)
Cibicides pseudoungerianus (Cushman)
Dyozibicides biserialis Cushman and Valentine

Dyocibicides perforata Gushman and Valentine
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The mecthod for individual counting of the Foraminifera, is the same as used in the study of the Miyoshi
Miocene Foraminifera (sce the footnote of Table V). All sampling horizons belong to the Toyoda forma-
tion, the upper division of the Fujiwara group.

Sampling horizons:

1- A sandstonc of the Toyoda formation exposed at the floor of the stream about 150m. NNE of the
cliff (Lat. 34°39’3”” N,, long. 135°51710.4"” E.), at the southeast corner of the Fujiwara Rifle-Range
in Furuichi, Nara City, Nara Prefecture. '

2- Stratigraphically about 10m. above horizon 1.

3- Stratigraphically about 15m. above horizon 1.

4- A very finc-grained sandstone of the Toyoda formation, the upper division of the Fujiwara group,
exposed at the same locality as the cliff of the Fujiwara Rifle-Range mentioned in horizon 1 above.

5~ Stratigraphically about 4m. above horizon 4. ' '

6- Stratigraphically about 10m. above horizon 4.

7- Stratigraphically about 13m. above horizon 4.

8- Stratigraphically about 19m. above horizon 4.

9- Stratigraphically about 39m, above horizon 4.

10- Stratigraphically about 44m. above horizon 4.

Table XIV shows the distribution of the percentage of the dominant genera, based
upon individual numbers shown in Table XIII.

The scquence of the foraminiferal assemblages are the following two faunules; name-
ly, 1) Robulus faunule below and 2) Robulus-Cibicides-Uvigerina faunule above. Of both
faunules, the latter is subdivided into two subfaunules, namely, Hanzawaia-Rotalia-
Nonionella subfaunule below and Cassidulina-Lagena subfaunule above. Pelagic Forami-
nifera first occur from the sampling horizon 5 as shown in Table XIII. This strati-
graphic position falls within the lowest horizon of the faunule 2) mentioned above.
Unfortunately, the Iwabuchi formation, the lower division of the Fujiwara group,

yielded no Foraminifera to the writer.
TABLE XIV
Distribution of the Dominant Genera of Nara Foraminifera (Numbers; %)

Faunules Robulus Robulus-Cibicides-Uvigerina
Faunule
' o Faunule Low. Subf. Up. Subf,
Genera 1| 2| 3|4 |56 78] o]0
Gaudryina 1.0 2.0]15.0( 2.7 6.0] 2.5
Robulus 66.0 | 94.0 | 80.0 5,0 4.0(25.0]20.0(16.0]16.0
Nodosaria 10.0 1.0 0.9 3.0 4.0
Lagenonodosaria 2,0 0.5 0.9 25| 2.0
Vaginulina 0.5]10.0( 45| 1.5] 0.5
Lagena 1.0 0.9| 6.5 3.5
Nonion 6.0 5.0 1.8 2.0 0.5
Nonionella 120 [ 1.5| 3.3 1.5| 1.0
Uvigerina 21,0 | 51,0 ( 10.0 { 10.0 | 6.0 | 5.5
Eponides 50| 6.5| 3.3[10.0| 25| 4.0
Rotalia 5.0] 2.0|13.3| 27| 40| 2.5
Cassidulina 1.0 1.5 9.5
Planulina 40| 8.0 45| L5
Hanzawaia 6.0 80]|16.7| 2.7 3.0| 6.5
Cibicides 50.0 | 18.0 | 6.5 3.5 18.5 | 27.5
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22, OxAMOTO, K. and Tal, Y., 1957, Miocene Smaller Foraminifera from the Tamatsukuri Group in
the Area South of Izumo City, Shimane Prefecture: Jour. Geol. Soc. Japan, vol. 63, pp. 340-356 (in
Japanese).

In this report, the writers discuss the smaller Foraminifera from several horizons of
the middle Miocene Tamatsukuri group (=the Kawai and Kuri formations combined)
distributed in the area south of Izumo City, Shimane Prefecture. Foraminiferan fossils
were collected from the strata transitional from the upper part of the lower Tamatsu-
kuri formation (=the Kawai formation) to the lower part of the upper Tamatsukuri
formation (=the Kuri formation), along the Hiebara River in this area.

The fauna is divided into two foraminiferal assemblages, the lower and upper. The
lower assemblage is characterized by having a large number of Rotalia and, as a whole,
a comparatively small number of genera, species, and individuals, and by the pelagic
forms.

In the upper assemblage, the family Lagenidae represents the largest number of
genera, species, and individuals. In other families, Baggina, Bathysiphon, Cibicides, Cye-
lammina, Eponides, Gaudryina, Hanzawaia, Haplophragmoides, Nonion, Rotalia, Sigmoilina,
and Ubigerina are worth mentioning with regard to the number of species and individ-
vals; pelagic forms also occur in association.

Compared with the microbiostratigraphical units estabhshed by Ta1 (1956) in the
Chiigoku District, the lower foraminiferal assemblage seems to correspond to his Mio-
g ypsma kotoi-Operculina complanata japonica zonule, and the upper one to his Lagenonod-
osaria scalaris-Uvigerina crassicostata zonule.

From the depth analysis of the genera from both assemblages, the sedimentary en-
vironments of the transitional sediments above mentioned, evidently represent condi-
tions which gradually change from those of shallow littoral water to those of the open
sea or outer neritic region. The fauna flourished under warm thermal conditions.

The writers conclude that the present fauna is very similar to those of the middle
Miocene sediments of the Bihoku group of the Shébara basin, Hiroshima Prefecture,
and of the Tsuyama basin, Okayama Prefecture. Further, of the 142 species discrimi-
nated among the present fauna, 70 occur in the fauna reported by AsaNo (1953) from
the upper part of the middle Miocene Higashi-innai and Najimi formations in Noto
Peninsula, Ishikawa Prefecture. This large number of species in common between the
present and the Noto faunas are considered to indicate remarkable similarity in the
conditions of deposition and environments of. the foraminiferal faunas of the two ge-
ographically separated middle Miocene areas.

Smaller Foraminifera picked from the washed 23 samples are listed in Table XV.

Of 23 sampling horizons, 15 horizons (1-15) belong to the lower Tamatsukuri form-
ation (=the Kawai formation) and the remaining (16-23) to the upper Tamatsukuri
formation (=the Kuri formation).
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Y. Tat

From the vertical distribution of the Foraminifera listed in Table XV, four fora-
miniferal assemblages were distinguished, in ascending order, namely, 1) Rotalia fau-
nule, 2) Robulus-Rotalia-Lagenonodosaria-Eponides faunule, 3) Robulus-Haplophragmoides-
Lagenonodosaria-Nonion faunule, and 4) Haplophragmoides-Cyclammina-Bathysiphon faunule.
Their stratigraphic arrangement is indicated in Plate 38.

1958

23. Tal, Y., 1958, On “the Togarian Stage”——Miocenc Microbiostratigraphy of the Setouchi Geologic
Province-: Jour. Geol. Soc. Japan, vol. 64, pp. 516-525 (in Japanese).

In this report, Y. TATI first treats the Foraminifera from several horizons of the type
section of the middle Miocene Mizunami group distributed in the area north of Mi-
zunami City, Gifu Prefecture. :

The fauna is divided into five foraminiferal faunulcs, namely, Elphidium-, Nonion-
Elphidium-Eponides-, Lagena-Rotalia-Nonion-Elphidium-, Miogypsina-Amplistegina-Robulus-,
and Bulimina-Uvigerina-Ellipsonodosaria- Epistominella-Cibicides-faunules. The first three
faunules occur in the lower part of the Mizunami group, the Tsukiyoshi sandstone, To-
gari sandstone, and Yamanouchi mudstone combined, and the latter two in the upper
part of the same group, the Shukunohora sandstone and Oidawara mudstone combined.

Compared with the microbiostratigraphical units established by TAr (1957) in
the Chaigoku District, the Miogypsina- faunule above mentioned corresponds to the M-
ogypsina kotoi-Operculina complanata japonica zone, and the Bulimina- faunule to the Lage-
nonodosaria scalaris-Uvigerina crassicostata zone. The lower three faunules scem to com-
prisc a new microbiostratigraphical unit lying below the Miogypsina kotoi-Operculina
complanata japonica zone, and for this new unit the tentative name of “Nonion-Elphidium”
zone is proposed. ‘

He also discusses the relation between the microbiostratigraphical units based on the
foraminiferal assemblages, and the lithostratigraphical units previously established, to
the middle Miocene marine sediments in the cight basins in the Setouchi and San’in
Provinces, including that of the Mizunami. As a result he concluded that “the Uctu-
kian Stage” (MAKIYAMA, 1932, 1939) is synonymous with the upper of “the Togarian
Stage” (MAKIYAMA, 1939).

Smaller Foraminifera picked from the washed 33 samples are listed in Table X VI.

Of 33 sampling horizons, 16 horizons (1-16) belong to the lower part of the Mizu-
nami group, and the remaining (17-33) to the upper part of the same group.
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19- Stratigraphically about 2.8m. above horizon 17.
20- Stratigraphically about 3.6m. above horizon 17.
21- Stratigraphically about 4.4m. above horizon 17.
22- Stratigraphically about 6.8m. above horizon 17.
23- Stratigraphically about 8.8m. above horizon 17.
24- Stratigraphically about 12.8m. above horizon 17.
25- Stratigraphically about 13.8m. above horizon 17,
26- Stratigraphically about 14.8m. above horizon 17.
27- Stratigraphically about 16.3m. above horizon 17.
28- Stratigraphically about 18.3m, above horizon 17,
29- Stratigraphically about 22.3m. above horizon 17.
30- Stratigraphically about 25.3m. above horizon 17.
31~ Stratigraphically about 30.3m, above horizon 17.
32- Stratigraphically about 33.3m., above horizon 17.
33- Stratigraphically about 36.3m. above horizon 17.
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CHAPTER 1III

REMARKS ON THE NEWLY OBTAINED SMALLER FORAMINIFERA
AND THEIR SIGNIFICANCE

A. A Boring Well at Nishitakasaki, near Okayama City, Okayama Prefecture

No the marine Miocene sediments are known to be exposed throughout the surface
area around Kojima Bay, which is situated in the south of Okayama City. In 1957, a
boring was undertaken in Kojima Bay by the Department of Commerce and Industry,
Okayama Prefecture, for the purpose of natural gas exploration. This boring well was
lowered to 131 meters in depth and the locality is at Nishitakasaki, Nadazaki-machi,
Kojima-gun, Okayama Prefecture (Lat. 34°32/45" N., long. 133°53'32.4"” E.).

The Miocene sediments distinguished in the boring cores are a hard black shale
facies which yielded upon washing fragments of molluscan shells and the thickness of
the shale was measured to be 68 meters. The shale fac1es lithologically corresponds to
the Upper Shale of the Bihoku group.

The smaller Foraminifera to be discussed were taken from fifteen horizons of above-
mentioned shale facies which is considered to belong to the upper Bihoku group. The
Foraminifera consist of 56 species and subspecies (Table X VII) belonging to 31 genera

"and 13 families, excluding the pelagic forms. The genera Gaudryina, Plectina, Robulus,
Dentalina, Elphidium, Bulimina, Eponides, Cassidulina, Pullenia, Hanzawaia, and Cibicides
contain the majority of the species and individuals of the present microfauna. From
the distribution of the Foraminifera shown in Table XVII, the Okayama microfauna
may be divided into four foraminiferal assemblages in ascending order, namely, Buli-
mina-Robulus-Cassidulina-Elphidium-, Bulimina-Eponides-, Bulimina-C yclammina-Plectina-Ro-
bulus-Eponides-, and Plectina-Cyclammina faunules.

Microbiostratigraphically, the lower part of the upper Bihoku group which contains
the former three faunules above mentioned, corresponds to the Lagenonodosaria scalaris-
Ubigerina crassicostata zone, and the upper part which contains the latter one faunule to
the lower part of the Cyclammina orbicularis-Martinottiella communis zone (Plate 38).

TABLE XVII
Distribution of Okayama Foraminifera
Zones Ls — U 2 Co-Mc Z
Lower Up. Lower
Faun.
B—R—F B—E—TF B-C-F | P-C-F
Depth
inmeters, |¥ N ® N © ®@w|m © © ©o|o o lawomn
SE8sg8c|gg8s|8s|8gs
Specics 1 2 3 4 5 6|7 8 9 10{11 12[131415
Cyclammina ezoensis Asano 2 15
C. incisa (Stache) 2 8 3 1
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e
N123456789101112!31415

C. sp. indet. 1 2 1 2
Gaudryina ishikiensis Asano 29 15 5 4 150 1 12 1 3 1 3
G. yabei Asano i 2 2l

Plectina nipponica Asano 55 36/ 5 1
P. sp. indet. 2
Goésella schenski Asano 1
Robulus lucidus (Cushman) 28 11 22 9 22
R. nikobarensis (Schwager) 21 12 4 21 2 1 2
4
1

1
8
R, cf. nikobarensis (Schwager) 24
R, sp. indet. 1 8 43 5 18
Lenticulina sp. 1
Dentalina emaciata Reuss 1

D. insecta (Schwager) 2

D. tauricornis (Schwager) . )

D. sp. indet. 2 1 1 3. |

Nodosaria longiscata d’Orbi ng 2

Pseudoglandulina lacvigata (g’ rbigny)

Saracenaria akitaensis 4
Iwasa and Kikuchi

Guttulina irregularis (d'Orbigny) . 2 1
Nonion cf. nicobarense Cushman 5 1
N. scaphum (Fichtcl and Moll) : 1 1
N. sp. indet. 1
Nontonella miocenica Cushman 2 3 3 i

Elphidium cf. clavatum Cushman 1
L. etigoense Husezima and Maruhasi 1
E. tsudai Chiji and Nakascko 12 8 13 5 5 71 38
Elphidiella momiyamaensis Uchio 5 10 16 1 3
Robertina hanzawai (Asano) 3

Bulimina imamurai Tai, n. sp. 73 28 45 61 132 14| 95 84 88 121 50 55
DB. okayamaensis Tai, n, sp. 5 8 19 10 21 2 20 19 27 29 20 25
B. pupoides d’'Orbigny It 9 10 21 35 16/ 13 21 923 35 20 13
Globobulimina perversa (Cushman) 1 11
Virgulina tshikiensis Asano 1 1

(=]

Bolivina marginata masudai Asano I
B. robusta Brady
Gyroidinoides planulata 1

(Cushman and Renz)
Gyroidina soldanii d’Orbign 2
Lponides frigidus (Cushmang ‘ 1 25 65 38 6 11 13 17

L. frigidus calidus Cushman and Cole 16
LE.nipponicus (Husezimaand Maruhasi)] |

E. cf. praecinctus (Karrer)

Cassidulina imamurai Tal, n, sp. 30 1 2

C. margareta Karrer 3 18 1 8

C. subglobosa Brady 1
Pullenia apertula Cushman .
P, salisburyi R. E. and K.C. Stewart 3 1 1 1
Anomalina glabrata Cushman 4

A. kojimaensis Tai, n. sp. 1
Planulina nipponica Asano 3 | 18 1 1
P. wuellerstorfi (Schwager) 1
Hanzawaia tagaensis Asano | 1 43 1 4
Cibicides lobatulus (Walker and Jacob) 1 5
C. pseudoungerianus (Cushman) 1 2 1 5 1 Il 3 6

C. refulgens (Montfort) 1

Total number of
benthonic Foraminifera 200 200 200 200 200 200{ 200 200 200 209 200 200 8 2 2

NS s
—

B
—_—_0e N

w
&)

B O obe e
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Horizons
species\l23456 7 8 9 10|11 12|13 1415

Globigerina spp. R
Globorotalia spp. R

Ls-Uc Z; Lagenonodosaria scalaris-Uvigerina crassicostata Zone, Co-Me Z3 Gyclammina orbicularis-Martinot-
tiella communis Zone, B-R-F; Bulimina-Robulus-Cassidulina-Elphidium Faunule, B-E-F ; Bulimina-Epo-
nides Faunule, B-C-F; Bulimina-Cyclammina-Plectina-Robulus-Eponides Faunule, P-C-F; Plectina-Cye-
lammina Faunule, R ; Rare.

B. Uetsukinaka and Miuchi in the Tsuyama Basin, Okayama Prefecture

In 1954 and 1957, the writer had already dealt with the Miocene Foraminifera from
the Bihoku group exposed at Yoshino and Yasuda in the Tsuyama basin (Tables I
and XI). Some Foraminifera from the following two localities are added to these Mi-
ocene Tsuyama microfaunas. The smaller Foraminifera to be discussed were collected
by D. Tani, T. UNNO and others (1957) from Uetsukinaka, Katsuta-gun, (Lat. 35°3’
417 N., long. 134°7’22.4"" E.) and Miuchi, Tsuyama City, (Lat. 35°4'50"” N., long. 133°
58/40.4”” E.) Okayama Prefecture. The sediment which yielded the Uetsukinaka mi-
crofauna is a fine-grained facies yielding a number of Vicarya callosa and corresponds
to the lower Bihoku group outlined in Chapter I. The sediment yielding the Miuchi
microfauna also belongs to the lower part of the same group.

Microbiostratigraphically, two parts of the lower Bihoku group which ylclded the
Uetsukinaka and Miuchi microfaunas respectively correspond to the lower and upper
parts of the Miogypsina kotoi-Operculina complanata Jjaponica zone as shown in Plate 38.

The Uetsukinaka and Miuchi Foraminifera are listed in Table XVIIL

TABLE XVIII
Uetsukinaka and Miuchi Foraminifera

Zone Mk-Oc Z
Low Upp
Faun.
R-F R-E-F
Species Lo Uet Miu
Robulus nikobarensis (Schwager) R
R. cf. orbicularis (d'Orbigny) R
R. sp. R
Elphidium cf. etigoense Husezima and Maruhasi R
Elphidiella momiyamaensis Uchio R
Eponides praecinctus (Karrer) R
E. subpraecinctus Asano R
" Rotalia beccarii (Linnaeus) R -
R. beccarii hatatatensis Takayanagi A
R. takanabensis (Ishizaki) R
R. tochzgtenszs Uchio R R
Ehrenbergina notoensis Asano R

Mk-Oc Z 3 Miogypsina kotoi-Operculina complanata japonica Zone, R-F; Rotalia Faunule, R-E-F ; Ro-
bulus-Eponides Faunule, Uet; Uetsukinaka, Miu; Miuchi, A; Abundant, R ; Rare.
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C. Minomi, Kisa-machi, Futami-gun, Hiroshima Prefecture

The foraminiferal sample was collected by S. IMAMURA (1958) from a fine-grained
sandstone facies of the lower Bihoku group exposed at Minomi, Kisa-machi, Futami-
gun, Hiroshima Prefecture. (Lat. 34°41’44” N., long. 133°1’32.4” E.).

The smaller Foraminifera picked up from the sample are shown in Table XIX. The
Minomi microfauna from its characteristics may be named the Nonion-Nonionella-Epo-
nides-Rotalia-Robulus faunule.

Microbiostratigraphically, a sandstone facies of the lower Bihoku group which yield-
ed the faunule seems to correspond to the lower part of the Lagenonodomrza scalaris-Uyi-
gerina crassicostata zone (Plate 38).

TABLE XIX
Minomi Foraminifera

Zone Ls-Uc Z
\ Lower
Species

Faunule
N-N-F

Quinqueloculina 38

Robulus lucidus (Cushman)

R, nikobarensis (Schwager)

R. sp.

Lagenonodosaria scalaris (Batsch)

Lagena sp.

Nonion japonicum Asano

N. nakosoense Asano

N. cf. scaphum (Fichtel and Moll)
Nonionella miocenica Cushman

—ln
OWOWrm e OO

[o2]

Fissurina sp. indet.

Uvigerina crassicostata Schwager

U. nitidula Schwager

Gyroidina orbicularis d'Orbigny

Eponides frigidus calidus Cushman and Cole

E, haidingerii (d’Orbigny)
E,. pracecinctus (Karrcr%
E, subpraecinctus Asano

E. sp.
Rotalia cf. beccarii (Linnacus)

R. takanabensis (Ishizaki)

Baggina noloensis Asano

Ceratobulimina sp. indct.

Epistominella japonica (Asano)
Cassidulina lacvigata carinata Cushman

C. sp.
Hanzawaia tagaensis Asano
Cibicides pseudoungerianus (Cushman)

-

\IE'— DOt s rmt (D I e IO B B ot e e

Total number of benthonic Foraminifera 250

Globorotalia sp. indet. R

Ls-Uc Z; Lagenonodosaria scalaris-Uvigerina crassicostata Zone, N-N-F; Nonion-Nonionella-Eponides-
Rotalia-Robulus Faunule, R; Rare
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D. Oshihara, KaWai-machi, Ota City, Shimane Prefecture

The Kuri formation distributed in the vicinity of Kawai-machi, Ota City, Shimane
Prefecture is a black shale facies measuring about 300 meters in thickness and conform-
ably overlies the type Kawai formation which consists of coarse-grained sediments with
molluscan fossils. The writer already outlined the geology of the Kuri and Kawai form-
ations in the section of Inner Subprovince in Chapter L.

The smaller Foraminifera discussed were collected by the writer and 0. SHOJ1 from
six horizons of the Kuri formation at Oshihara and consist of 84 species and subspecies
belonging to 40 genera and 16 families (Table XX), excluding the pelagic forms. The
genera Cyclammina, Robulus, Lagenonodosaria, Lagena, Nonion, Nonionella, Uvigerina, An-
gulogerina, Eponides, Rotalia, and Cassidulina contain the majority of the species and indi-
viduals of the present microfauna. The occurrence of pelagic F oramlmfera is remar-
kable in all of the sampling horizons. :

From the characteristics of the Foraminifera, the Oshihara microfauna may be di-
vided into two foraminiferal assemblages, namely, Lagenonodosaria-Nonion-Angulogerina-
Eponides-Rotalia faunule below, and Gyclammina-Plectina-Uvigerina faunule above. A black
shale facies of the Kuri formation which contains these faunules microbiostratigraphi-
cally corresponds to the Lagenonodosaria scalaris-Uvigerina crassicostata zone (Plate 38).

TABLE XX
Distribution of Oshihara Foraminifera

Zone Ls-Uc Z

Lower Up.

- Faunules
L-N-F C-P-F

. Hors.
Species ) 9 3 4 5 6

Reophax? sp.
Ammodiscoides sp. R
Ammobaculites sp.
Cyclammina ezoensis Asano
C. incisa (Stache)

C. cf. japonica Asano

Spiroplectammina cf. niigataensis Asanoand Inomata
Gaudryina ishikiensis Asano F
G. sp

Plectma m{:pomm Asano

AP RR®™ R

R

Sigmoilina i imamurai Tai R
S. schlumbergeri Silvestri
Pyrgo murrhina (Schwager)
Trochammina sp.

Robulus lucidus (Cushman)

R. cf. nikobarensis (Schwager) R
R. sp.
Planularia sp. R
Dentalina sp. R

Nodosaria longtscata d'Orbigny

Pseudoglandulina laevigata (d’Orbigny) R
Lagenonodosaria fukushimaensis Asano R F e} R

AR

AR
AR
ARARAR =

=
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Hors, l
Species

—

L. scalaris (Batsch)

L. scalaris sagamiensis Asano
L. sp.

Saracenaria sp.

Lagena cf. hispidula Cushman
L. cf. laevis (Montagu)

L. perlucida (Montagu)

L. cf. perlucida (Montagu)

L. sulcata spicata Cushman and McCulloch
L, sp.

Nonion japonicum Asano

N. cf. japonicum Asano

N. nakosoense Asano

N. pompil.vides (Fichtel and Moll)
N. scaphum (Fichtel and Moll)

N. cf. scap'ium (Fichtel and Moll)
N. cf. umbilicatulum (Montagu)
Pseudononion japonicum Asano

P. sp.

Nonionella miocenica Cushman

Elphidium etigoense Husezima and Maruhasi
E, cf. etigoense Husezima and Maruhasi

E. sp.

Cribroelphidium yabei (Asano) -

Globobulimina sp.

Virgulina ishikiensis Asano

Bolivina sp.

Uvigerina cf. crassicostata Schwager

U. cf. hootsi Rankin

U. nitidula Schwager

U. cf. nitidula Schwager
U. cf. yabei Asano

U. sp.

Angulogerina cf. hughesi (Galloway and Wissler)
A. kotozuraensis Asano
A. cf. kokozuraensis Asano

A. sp.
Ellipsonodosaria lepidula (Schwager)

Discopulvinulina sp.

Valvulineria sadonica Asano

Eponides frigidus (Cushman)

E. cf. frigidus (Cushman)

E. cf. nipponicus (Husezima and Maruhasi)

E. subpraecinctus Asano

E. umbonatus (Reuss)
Rotalia beccarii (Linnacus)
R, cf, beccarii (Linnacus)
R. takanabensis (Ishizaki)

R. cf. takanabensis (Ishizaki)

Baggina notoensis Asano

Epistominella japonica (Asano)
Cassidulina laevigata carinata Cushman
C. margareta Karrer

C. sp.

Sphaeroidina cf. japonica Asano
Planulina wuellerstorfs (Schwager)
P. cf. wuellerstorfi (Schwager)
Hanzawaia tagaensis Asano

H. cf. tagaensis Asano

A R R OR

~

R
R

R ARy

AR

~

AR R Q RAR

m R

~AQR

> ® R > = Q

=

Q = orF

elo]

~~

A RRR

A

R

~
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Hors.
e —————— ™ 1 2 3 4 5| 6
Cibicides lobatulus (Walker and Jacob) R
C. pseudoungerianus (Cushman) R
C. sp. R
Globigerina spp. A A A VA A R
Globorotalia spp. ‘ A VA VA

Ls-Uc Z; Lagenonodosaria scalaris-Uvigerina crassicostata Zone, L-N-F ; Lagenonodosaria-Nonion-Ang-
ulogerina-Eponides-Rotalia Faunule, C-P-F; Cyclammina-Plectina-Uvigerina Faunulc, VAj; Very
abundant, A Abundant, C; Common, F; Few, R; Rare.

/

Sampling horizons:
1-A hard black shale of the Kuri formation exposed at the cliff (Lat. 35°7°2"” N., long. 132°30’41.4"" E.)

of Oshihara River in Oshihara, Kawai-machi, Ota City, Shimane Prefecture.
2- Stratigraphically about 15m, above horizon 1.
3- Stratigraphically about 31m. above horizon 1.
4- Stratigraphically about 58m. above horizon 1.
5~ Stratigraphically about 66m. above horizon 1.
6~ Stratigraphically about 77m. above horizon 1.

E. Takuno, Nima-machi, Nima-gun, Shimane Prefecture

The stratigraphy of the Miocene formations which yielded the Foraminifera in the
vicinity of Takuno, Nima-machi, Nima-gun, Shimane Prefecture, is now being studied
by S. IMAMURA and K. OKAMOTO, and the writer briefly gave an outline of it in
Chapter I. The Kawai formation exposed at the cliffs along the road of Nima-Takuno
section is an arkose sandstone facies, which has a thickness of about 60 meters, inter-
calating some mudstone beds which contain megafossils as Dosinia, Volsella, and Turri-
tella etc. The smaller Foraminifera were collected by the writer from six horizons of
the mudstone facies above mentioned.

The Takuno microfauna consists of 93 species and subspecies (Table XXI) belong-
ing to 42 genera and 14 families, excluding the pelagic forms. The genera *Ammobac-
ulites, Gaudryina, Robulus, Lagenonodosaria, Nonion, Nonionella, Globobulimina, Uvigerina,
Ellivsonodosaria, Eponides, and Hanzawaia contain the majority of the species and indi-
viduals of the present microfauna. The depth analysis of these common genera indi-
cates that the mudstone facies in the Kawai formation was deposited in the littoral to
the neritic zones. From the characteristics of the Foraminifera in Table XXI, the
Takuno microfauna may be divided into two foraminiferal assemblages, -namely, 4m-
mobaculites-Gaudryina-Nonion-Nonionella faunule below and Uvigerina-Nonion-Ellipsonod-
osaria-Nonionella-Robulus faunule above.

Microbiostratigraphically, the two parts of the Kawai formation which contain these
faunules respectively correspond to the Miogypsina kotoi-Operculina complanata japonica
zone and the lower part of the Lagenonodosaria scalaris-Uvigerina crassicostata zone (Pla-

.te 38).
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TABLE XXI
Distribution of Takuno Foraminifera

Zones

Faunules

Species

Mk-0cj Z

Upper

A-G-F

Rhabdammina sp.

Ammodiscus sp.

Haplophragmoides trullissatum (Brady)
H.s

Cribrostomoides kyushuense Asano

Ammobaculites sp.

Cyclammina incisa (Stache)
Textularia cf. lythostrota (Schwager)
T. sp.

Gaudryina imamurai Tai, n, sp,

G. ishikiensis Asano

G, cf, karihaensis Asano
G. takunoensis Tai, n. sp.
G. yabei Asano

G. cf. yabei Asano

Gaudryinella sp.

Triloculina okamotoi Tai, n. sp.

Pyrgo cf. vespertilio (Schwager)

?I:rochammina cf. nobensis Asano
. sp.

Robulus lucidus (Cushman)
R. nikobarensis (Schwager)
R. notoensis Asano

R. orbicularis (d'Orbigny)
R. pseudorotulatus Asano

R. sp.

Marginulina aculeata Neugeboren
M. cf. aculeata Neugeboren

M. glabra d'Orbigny

M. masudai Asano

M. sp.
Dentalina sp.
Nodosaria longiscata d’Orbigny

N. sp.
Pseudoglandulina laevigata (d'Orbigny)

Lagenonodosaria fukushimaensis Asano
L. scalaris sagamiensis Asano

L. sp. .

Saracenaria sp.

Lagena acuticosta Reuss

L. hispidula Cushman
L. laevis (Montagu)

L. sp.

Nonion japonicum Asano
N. kidoharaense Fukuda

N. nakosoense Asano

N. nikobarense Cushman

N. scaphum (Fichtel and Moll)
Astrononion sp.

Nonionella miocenica Cushman
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Hors,
M 1 2 3 4 5 6

Elphidium advenum (Cushman) 5 1

E, etigoense Husezxma and Maruhasi : 1
E. cf. tsudai Chiji and Nakaseko 1
E. sp. 1
Globobulimina perversa (Cushman) 1 4 2 1
Virgulina ishikiensis Asano i
V. cf. nodosa R. E. and K. C. Stewart
Bolivina marginata masudai Asano
Reussella spinulosa (Reuss)

Uvigerina cf. akitaensis Asano

0
N

U. crassicostata Schwager

U. nitidula Schwager

U. segundoensis Cushman and Galliher
U. yabei Asano

U. cf. yabei Asano 6
U. sp. 1 19 2
Angulogerina kotozuraensis Asano 1 2 1
A. cf. occidentalis (Cushman) 1
Ellipsonodosaria japonica Ishizaki 15
E. lepidula (Schwager) 2

Discopulvinulina cf. bertheloti (d’Orbigny)
g hofkeri Asano

B OO ™Y s GO bt e (D
—

29

N o>
= NW, (2]
—
B N NN

Epomde: frigidus (Cushman)
E. frigidus calidus Cushman and Cole 1 2

E. umbonatus (Reuss) 1
Rotalia beccarii (Linnaeus) 5 ) 1
R. cf. beccarii (Linnaeus) 2

R. takanabensis (Ishizaki) .

Poroeponides sp. 1

Baggina notoensis Asano - . : 1
Sp.

Epmommella Jjaponica (Asano) : 1

E. s

sp.
Ehrenbergina notoensis Asano 1
Planulina nipponica Asano
P. wuellerstorfi (Schwager) 1

P. sp.
Hanzawaia tagaensis Asano 3
Cibicides lobatulus (Walker and Jacob) 1 2

C. pseudoungerianus (Cushman)

—
N G Ot e D s
(S]]

—
~

sp.
D)’oabmdes sp. : ) 1

Total number of benthonic Foraminifera 200 200 200 |[200 200 200

Globigerina spp. A A A
Globorotalia spp. . . . : . C A A
Mk-0cj Z; Miogypsina kotoi-Operculina complanata japonica Zone, Ls-Ue Z ; Lagenonodosaria scalaris-
Uvigerina crassicostata Zone, A-G-F; Ammobaculites-Gaudryina-Nonion-Nonionella Faunule, U-N-
F ;Uvigerina-Nonion-Ellipsonodosaria-Nonionella-Robulus Faunule, A; Abundant, C; Common.
Sampling horizons:
1- A fossiliferous mudstone facies of the Kawai formation exposed at the road cliff (Lat, 35°9’35’” N.,
long. 132°24’35.4”” E.) in Takuno, Nima-machi, Nima-gun, Shimane Prefecture.
2- Stratigraphically about 1.0m. above horizon 1.
3~ Stratigraphically about 3.0m. above horizon 1.
4- Stratigraphically about 44.0m. above horizon 1.
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5- Stratigraphically about 47.0m. above horizon 1.
6- Stratigraphically about 47.5m. above horizon 1.

F. Masuda City, Shimane Prefecture

The Miocene Masuda group distributed in the vicinity of Masuda City comprises
cyclic sediments ranging from a coarse-grained facies, which contains megafossils, such
as Ostrea, Natica, Solen, Anadara, and Trapezium etc., to a black shale facies which is
barren of or with very few megafossils, and structurally is almost horizontal.

The smaller Foraminifera were collected by the writer from seven horizons of a
transitional zone, ranging from coarse- to shale- facies of the Masuda group, exposed
in the cliffs at Yoshida, Masuda City, Shimane Prefecture. The foraminiferal fauna
of the Masuda group consists of 88 species and subspecies (Table XXII) belonging to
41 genera and 17 families, excluding the pelagic forms. The family Lagenidae is re-
presented by the largest number of genera, species, and individuals. In other families,
the genera Gaudryina, Martinottiella, Guttulina, Bolivina, Ellipsonodosaria, Eponides, Cassid-
ulina, Hanzawaia, and Cibicides contain the majority of the species and individuals. The
depth analysis of these common genera indicates that a part of the Masuda group was
deposited in the littoral to the neritic zones.

From the results of recent field surveys of the Miocene sediments distributed in the
vicinity of Masuda City, it has become evident that the stratigraphical sequence of
the sediments and their lithological characters, geological structure, and megafossils
contained, are, on the whole, similar to those of the Miyoshi-, Shobara-, and Tsuyama
Miocene in the western Setouchi Province.

Further, recent studies of the Foraminifera of the Miyoshi and other Miocene depos-
its alrcady mentioned reveal that they are correlative with the foraminiferal fauna of
the present arca. :

From the characteristics of the Foraminifera shown in Table XXII, the Masuda mi-
crofauna may be divided into two foraminiferal assemblages, namely, Dentalina-Nodo-
saria-Vaginulina-Martinottiella faunule below and Bolivina-Hanzawaia-Gaudryina faunule
above. Microbiostratigraphically, the Masuda group with its two faunules corresponds
to the Lagenonodosaria scalaris-Uvigerina crassicostata zone (Plate 38).

TABLE XXII
Distribution of Masuda Foraminifera
Zonc Ls-Uc Z
Lower Upper
-Faunules .D-N-V-F B-H-F
Species Hors. 1 2 3 4 5 6 7

Bathysiphon sp. 2 1 1 1
Ammodiscus sp. 2
Haplophragmoides sp. 2
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) Hors.
Species

Cribrostomoides kyushuense Asano
Cyclammina ezoensis Asano

C. incisa (Stache)

C. cf. japonica Asano

C. pusilla Brady

Gaudryina ishikiensis Asano
G. yabei Asano

Plectina sp:
Martinottiella communis (d’Orbi%ny)
Quingueloculina cf. vulgaris d’Orbigny

. Sp.
Spiroloculina communis incisa Cushman

Sigmoilina imamurai Tai
S. schlumbergeri Silvestri
Trochammina sp.

Robulus calcar (Linnacus)
R. totus (Cushman) '

R, lucidus (Cushman)

R, nikobarensis (Schwager)
R. notoensis Asano

R. orbicularis (d’Orbigny)
R. pseudorotulatus Asano

R. sp. indet.

Marginulina aculeata Neugeboren
M. glabra d’Orbigny

M. masudai Asano

Dentalina emaciata Reuss

D. insecta (Schwager)

D. subsoluta (Cushman)

D. tauricornis (Schwager)
Nodosaria longiscata d’Orbigny
N. notoensis Asano

N. pyrula d'Orbigny

N. vertebralis (Batsch)

N. cf. vertebralis (Batsch)
Lagenonodosaria scalaris (Batsch)
L. scalaris sagamiensis Asano

Saracenaria akitaensis Iwasa and Kikuchi

. Sp.
Vaginulina bradyi Cushman

- Lagena laevis (Montagu)

L. striata (d’Orbigny)

L. sulcata spicata Cushman and McCulloch
Guttulina irregularis (d'Orbigny)
G. cf. kishinouyi Cushman and Ozawa .
g. laztea (Walker and Jacob)

, sp.

Nonion grateloupi (d'Orbigny)

N. japonicum Asano

N. kidoharaense Fukuda

Nonionella miocenica Cushman

Llphidium etigoense Husezima and Maruhasi

Plectofrondicularia J%onica Asano
Bulimina pupoides d'Orbigny

B. striata d’Orbigny

B. striata notoensis Asano
Bolivina marginata Cushman

B. marginata masudai Asano
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Species Hors. 1 2 3 4 5 6 7
B. robusta Brady . 2
B, cf. robusta Brady 1 . 1
Reussella aculeata Cushman 1 3
Uvigerina cf. crassicostata Schwager 1
U. nitidula Schwager 1 1
Angulogerina kokozuraensis Asano 1 1 1
Ellipsonodosaria japonica Ishizaki 1 1 2 2
E. lepidula (Schwager) 6 1 4 4 3 4 4
Discopulvinulina cf. nitida (Williamson) 1
Gyroidina soldanii d'Orbigny 1
Eponides frigidus (Cushman) -3 6 2 1 2
E, praecinctus (Karrer) 5 3 2 21 34 43
E, subpraecinctus Asano 2 2 3 2 5 5 4
E. tanai Uchio 1 1
E. umbonatus (Reuss) 2 4 3
E. cf. umbonatus (Reuss) 2
Rotalia inflata (Seguenza) . 2 2 4
Baggina notoensis Asano 1 1
Amphistegina sp. 1
Cassidulina laevigata carinata Cushman 4 6 1 3
C. margareta Karrer : 1
C. pacifica Cushman 3 2 3
Planulina nipponica Asano _ .4 9 1 1
P. wuellerstorfi (Schwager) 1 I 1 1
Hanzawaia tagaensis Asano 2 19 16 23
Cibicides lobatulus (Walker and Jacob) 5 1 1 2
C. pseudoungerianus (Cushman) 3 2 3 4 3 5 7
Total number of benthonic Foraminifera 200 200 200 200 | 200 200 200
Globigerina spp. A A A A R A A
Globorotalia spp. . . R

Ls-Ue Z; Lagenonodosaria scalaris-Uvigerina crassicostata Zone, D-N-V-F; Dentalina-Nodosaria-Vag-
inulina-Martinottiella Faunule, B-H-F ; Bolivina-Hanzawaia-Gaudryina Faunule, A; Abundant,
R; Rare.
Sampling horizons:

1- A black shale of the Masuda group exposed at the cliff (Lat. 34°40°9"” N., long. 131°50°53.4’/ E.) of
Yoshida, Masuda City, Shimane Prefecture.

2- Stratigraphically about 1.0m. above horizon 1,

3- Stratigraphically about 2.5m. above horizon 1.

4+ Stratigraphically about 4.5m. above horizon 1.

5- Stratigraphically about 24.0m. above horizon 1..

6- Stratigraphically about 29.0m. above horizon 1.

7- Stratigraphically about 32.0m. above horizon 1.

G. Kuri-machi, Ota City, Shimane Prefecture

The type Kuri formation is a hard black shale facies, about 250 meters in thickness,
and intercalates a remarkable rhyolitic tuff and tuff breccia in its middle part. The
formation conformably overlies the Kawai formation of coarse-grained: sediments and
unconformably underlies the Omori formation which is a volcanic complex of andesite
and basaltetc. In the previous Chapter I, the writer outlined the geology of these form-
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ations.

The smaller Foraminifera were collected by the writer from fifteen horizons of the
type section of the Kuri formation distributed in Kuri-machi, Ota City, Shimane Pre-
fecture.

The foraminiferal fauna from the section consists of 24 species (Table XXIII) be-
longing to 14 gencra and 10 families. A remarkable character of this microfauna is
that there are very few calcareous Foraminifera. The arenaceous genera Martinottiella,
Cyclammina, Sigmoilina, and Goésella contain the majority of the species and individuals
of the microfauna. ‘ .

From the characteristics of the Foraminifera, the Kuri microfauna may be divided
into two foraminiferal assemblages, namely, Martinottiella-Cyclammina faunule below
and Martinottiella-Sigmoilina-Goésella faunule above. The type Kuri formation which
yielded these faunules corresponds with lower and middle parts of the Cyclammina orb-
tcularis-Martinottiella communis zone (Plate 38), :

TABLE XXIII
Distribution of Kuri Foraminifera

Zone Co-Mc Z

Lower Middle

Faunules
M-C-F . M-S5-G-F

Species Hors.
3 123 4|56 7 8 910111213 1415

Bathysiphon sp. indet. R R FR R R R
Haplophragmoides trullissatum (Brady) - R

H. cf. trullissatum (Brady) R R R

H. sp. R R R R R
Cribrostomoides kyushuense Asano R )

C. cf. kyushuense Asano R
Ammobaculites sp. ' R

Cyclammina cf, ezoensis Asano
C. incisa (Stache) R R
C. orbicularis Brady

C. pusilla Brady

Spir:plectammina niigataensis Asano and Inomata
Gaudryina ishikiensis Asano

Goésella schencki Asano

Martinottiella communis (d'Orbigny)

M. sp.

Sigmoilina imamurai Tai
S. schlumbergeri Silvestri
Trochammina nobensis Asano R
T. sp. indet.

Robulus sp. indet. ) R
Globobulimina perversa (Cushman) R :
G. sp. R

Rotalia sp. indet, R
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Co-Me Z; Cyclammina orbicularis-Martinottiella communis Zone, M-C-F; Martinottiella-Cyclammina
Faunule, M-S-G-F; Martinottiella-Sigmoilina-Goésella Faunule, A; Abundant, C; Common,
F; Few, R; Rare.
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Sampling horizons:

1- A hard black shale of the type Kuri formation, which is stratigraphically below the rhyolitic tuff
and tuff breccia occupying the middle part of the formation, exposed at the cliff (Lat. 35°851
N., long. 132°28°50.4”/ E.) of Kuri, Kuri-machi, Ota City, Shimane Prefecture.

2- Stratigraphically about 0.3m. above horizon 1.

3- Stratigraphically about 0.6m. above horizon 1.

4- Stratigraphically about 0.9m. above horizon 1.

5- A hard black shale of the type Kuri formation, which is stratigraphically above the same rhyolitics
beforc-mentionced, exposed at the road cliff (Lat. 35°8’59/ N., long. 132°2822.4°” E.) of Ichi, Kuri-
machi, Ota City, Shimane Prefecture.

6- Stratigraphically about 1.0m. above horizon 5.

7- Stratigraphically about 2.0m. above horizon 5.

8- Stratigraphically about 8.7m. above horizon 5.

9- Stratigraphically about 9.2m. above horizon 5.

10- Stratigraphically about 10.2m. above horizon 5.
11- Stratigraphically about 31.7m. above horizon 5.
12- Stratigraphically about 32,7m. above horizon 5.
13- Stratigraphically about 33.7m. above horizon 5.
14- Stratigraphically about 34.7m. above horizon 5.
15- Stratigraphically about 35.7m. above horizon 5.

H. Tamatsukuri, near Matsue City, Shimane Prefecture

As to the Tamatsukuri formation, the writer already outlined its geology in the sec-
tion on the Outer Subprovince in Chapter I.

Of the total five samples from a black shale, which is the upper division of the type
Tamatsukuri formation, unfortunately four of them were quite barren of Foraminifera.
A few Foraminifera however were collected by the writer from a cliff (Lat. 35°24/47"
N., long. 133°031.4" E.) of thc upper Tamatsukuri formation exposed at Tamatsukuri,
Tamayu-machi, Yatsuka-gun, Shimane Prefecture.

The foraminiferal assemblege shown in Table XXIV may be named the Cyclammina-
Trochammina faunule, A black shale facies of the Tamatsukuri formation which yie-
lded the faunule microbiostratigraphically corresponds to the lower part of the Cyclam-
mina orbicularis-Martinottiella communis zone (Platc 38).

TABLE XXIV
Tamatsukuri Foraminifera

Zone Co-Mc Z
Lower
Species Faunule

C-T-F
Bathysiphon? sp. Rare
Haplophragmoides sp. Rare
Cyclammina ezoensis Asano " Rare
Cyclammina cf. japonica Asano Rare
Cyclammina pusilla Brady Rare
Trochammina sp. Common

Co-Me Z; Cyclammina orbicularis-Martinottiella communis Zone, C-T-F ; Cyclammina-Trochammina
Faunule.
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I. Muro and Aoki, Yakumo-mura, Yatsuka-gun, Shimane Prefecture

The smaller Foraminifera collected by the writer from two horizons of the Miocene
Tamatsukuri formation distributed at Muro (Lat. 35°24'12"” N., long. 133°4/22.4”” E.)
and Aoki (Lat. 35°24’31”” N., long. 133°5’34.4" E.), Yakumo-mura, Yatsuka-gun, Shi-
mane Prefecture, are discussed here.

The geology of the Tamatsukuri formation was outlined by the writer in the section
on the Outer Subprovince in Chapter I. The upper Tamatsukuri formation here is a
hard black shale facies interbedding a rhyolite flow in its middle part. Of the two ho-
rizons which yielded Foraminifera, the one at Muro is in a shale facies below the rhyo-
lite flow and the other at Aoki occurs above the same flow. The Foraminifera from
the two localities are very few as shown in Table XXV.

Microbiostratigraphically, the two parts of the Tamatsukuri formation which yielded
the Muro and Aoki microfaunas (or Cyclammina-, and Gyclammina-Haplophragmoides fau-
nules), respectively correspond to the lower and middle parts of the Cyclammina orbi-
cularis-Martinottiella communis zone (Plate 38).

TABLE XXV
Muro and Aoki Foraminifera

' Zone ‘ Co-Mec Z
Lower Middle
Faunules i
’ C-F " G-H-F
Speci Locs.
pecies . Muro Aoki
Haplophragmoides g R
Cyclammina mcua( tache) R
Cyclammina japonica Asano . R . R
Cyclammina sp. R
Goésella sp. ) R
Dentalina sp. R

Co-Mec Z; Cyclammina orbicularis-Martinottiella communis Zone, C-F; Gyclammina Faunule, G-H-F ;
Cyclammina-Haplophragmoides Faunule, R ; Rare.

J. Matsue City, Shimane Prefecture

As to the geology of the Matsue formation, the writer already summarized it in the
section on Shimane Peninsula Subprovmcc in Chapter L.

The two foraminiferal faunas were collected from both the Kuroda- and Terazu-
sandstone members, the upper- and lower-most divisions of the Matsue formation.

The Foraminifera from the Kuroda member was derived from six cores of a boring .
well of the City Water-Works Department, Matsue City, for the purpose of ground
water exploration in 1950. The locality of the boring well is Kitada-machi (Lat. 35°
2826 N., long. 133°3’41.4" E.), Matsue City, and the Foraminifera yielded therefrom
are shown in Table XX VI, The Kuroda microfauna in Table XX VI may be named
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the Rotalia-Bulimina faunule from its characteristics. Microbiostratigraphically, the
Kuroda sandstone member which yielded the faunule represents the upper part of the
Rotalia cf. beccarii zone (Plate 38).

TABLE XXVI
Distribution of Kuroda Foraminifera

Zone Rb Z
Upper
Faun,
R-B-F
Dep. in 7} ™ © S '3l 3
. S ) ~ ~ [ )
Speci Hors. =
pecices 1 9 4 5 6
Haplophragmoides cf. canariensis (d'Orbigny) R
Trochammina sp. indct. R
Nonion cf. akitaense Asano F
N. sp. indet.
Bulimina imamurai Tai, n. sp. R R R R
B. cf. pupoides d'Orbigny R R
Rotalia cf. beccarii (Linnacus) F R R

Rb Z; Rotalia cf. beccarii Zone, R-B-F; Rotalia-Bulimina Faunule, F; Few, R; Rarc.

On the other hand, a foraminiferal sample of the Terazu sandstone member was ob-
tained by the writer from a fine-grained sandstone facies exposed at the road cliff at
Yada, south of Matsue City (Lat. 35°26/0” N., long. 133°6’19.4”” E.). The sandstone
facies there yields important megafossils, as Turritella saishuensis, Cultellus izumoensis,
Mpya japonica, and Trophonopsis n. sp. etc. The occurrence of these megafossils suggests
that the lower Matsue formation may be lower Pliocene in age.

The Yada microfauna in Table XXVII may be named the Nonion-Elphidium-Rotalia
faunule. Microbiostratigraphically, the Terazu member at Yada which contains the
faunule represents the lower part of the Rotalia cf. beccarii zone (Plate 38).

TABLE XXVII
Yada Foraminifera

Zone Rb Z
\ Lowcr
Species Faunule
' N-E-R-F

Eggerella cf. bradyi (Cushman) : Rare
Gaudryina cf. yabei Asano Abundant
Quingueloculina akneriana d’Orbigny Few

- Q: vulgaris d’'Orbigny Few
Lagena hispidula Cushman Rare
L. sp. indet. . Rare
Guttulina sp. Rare
Nonion japonicum Asano : Few
N. nicobarense Cushman . Abundant
N. pacificum (Cushman) Rare
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Faunule

Species N-E-R-F
Elphidium clavatum Cushman Rare
E. etigoense Husezima and Maruhasi Abundant
Cribroelphidium tomitai Tai Few
C. yabei (Asano) Few
Bolivina substriatula Asano Rare
Eponides frigidus (Cushman) Rare
E. frigidus calidus Cushman and Cole Rare
Rotalia cf. beccarii (Linnaeus) Common
R. cf. papillosa Brady Rare
R. cf, takanabensis (Ishizaki) Rare
Globigerina bulloides d’Orbigny Common

Rb Z; Rotalia cf. beccarii Zone, N-E-R-F ; Nonion-Elphidium-Rotalia Faunule,

K. Tochimoto, near Tottori City, Tottori Prefecture

The Miocene smaller Foraminifera were collected by M. NISHIWAKI from seven
localities of the Tochimoto shale, the upper division of the Taisei group, distributed
in Tochimoto, Kokufu-machi, Iwami-gun, Tottori Prefecture.

The stratigraphy of the Miocene formationsin the environs of Tochimoto (NISHIWA-
KI and IMAMURA, 1956) is summarized in descending order as follows:

TAISEI GROUP )
Tochimoto shale member ; black shale yielding megafossils as Chlamys miyatokoensis, Propeam-
ussium cf. tateiwai, and Lima sp. etc. and with thin sandstone layers in the lower part; 200m.
Nawashiro sandstone and conglomerate member ; sandstone and conglomerate with megafos-
sils as Patinopecten cf, kimurai and Shichiheia japonica etc.; 130m.

unconformity

YAMASAKI GROUP
Fuganji shale member; stratified hard shale with plant fossils as Myrica Naumanni and Gly-
ptostrobus etc.; 80m.
Arafune tuff member; 230m.
Genmonji andesite; 120m.
Funayama conglomerate member; 60m.

unconformity
BASEMENT ROCKS

The smaller Foraminifera from the Tochimoto shale consist of 29 species and sub-
species (Table XXVIII) belonging to 20 genera and 10 families, excluding the pelagic
forms. '

From the characteristics of the Foraminifera, the Tottori microfauna may be divided
into two faunules, namely, Martinottiella-Sigmoilina-Lagenonodosaria faunule below and
Cyclammina faunule above. Microbiostratigraphically, a part of the upper Taisei group
which yielded the former faunule seems to correspond to the upper part of the Lage-
nonodosaria scalaris-Ubigerina crassicostata zone and the latter faunule to the lower part
of the Cyclammina orbicularis-Martinottiella communis zone (Plate 38).
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TABLE XXVIII
Distribution of Tottori Foraminifera

Zones Ls-UcZ. . Co-Mc Z

Upper Lower

Fauns. - -
M-S-F . C-F

Species

Bathysi fhon sp. F
Haplop ragmoides cf. trullissatum (Brady) R

Crzbro:tamozdes cf, kyushuense Asano
C. sp. indet.

Cyelammina cf. incisa (Stache) R R R
C. pu.ulla Brady R
C. sp. indet. R
Plectina nipponica Asano
Martinottiella communis (d’ Orbxgny) A

Sigmoilina imamurai Tai A
S. cf schlumbergeri Silvestri ) .
$. R
Milialimlla cf. circularis (Bornemann)
Pyrgo sp.

’Irochammma cf. nobensis Asano

~~

el

Robulus sp. indet.

Dentalina sp. indet.

Lagenonodosaria scalaris sagamiensis Asano R

L. sp. R R
Lagena sulcata spicata Cushman and McCulloch R

Oolina cf. hexagona (Williamson) R
Uvigerina crassicostata Schwagcr
Gyroidina orbicularis d’Orbigny

"ARAHMA ”A

R

Rotalia takanabensis (Ishizaki)
Cassidulina laevigata carinata Cushman
C. cf. margareta Karrer

Cibicides lobatulus (Walker and Jacob)

R RRRP RA

Globigerina bulloides d’Orbigny R

Ls-Ue Z; Lagenonodosaria scalaris-Uvigerina crassicostata Zonc, Co-Mc Z; Cyclammina orbicularis-
Martinottiella communis Zone, M-S-F; Martinottiella-Sigmoilina-Lagenonodosaria Faunule, C-F ;
Cyclammina Faunule, A; Abundant, C; Common, F; Few, R; Rare.

Sampling localitics:

1- A hard black shale of the Tochimoto shalc, the upper division of the Taisei group, exposed at Ame-
daki, Kokufu-machi, Iwami-gun, Tottori Prcfecture (Lat. 35°28’37” N., long. 134°24’5.4 E.).

2- A hard black shale of the Tochimoto shale, exposed at the road cliff (Lat, 35°28°8’ N., long. 134°22’
2.4’ E.) at Tochimoto, Kokufu-machi, Iwami-gun, Tottori Prefecture.

3- Stratigraphically about 19.0m. above locality 2.

4- A hard black shale of the Tochimoto shale, exposed at Waji, Kokufu-machi, Iwami-gun, Tottori Pre-
fecture (Lat. 35°26°45”” N., long. 134°22°40.4"” L.).

5- Stratigraphically about 20.0m. above locality 4.

6- Stratigraphically about 40.0m. above locality 4.

7- A hard black shale of the Tochimoto shale, which is stratigraphically probably above locality 6, ex-

‘posed at Waji, Kokufu-machx, Iwami-gun. Tottori Prefecture (Lat, 35°26'40”” N, long. 134°23"
194 E.).
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L. Okuyamada, near Kysto City, Kyéto Prefecture

According to the study of S. ISHIDA and others (1954), the stratigraphy of the Mi-
ocene Tsuzuki group distributed in Ujitawara-machi, Tsuzuki-gun, Ky6to Prefecture
is summarized as follows in descending order;

TSUZUKI GROUP
~ Yuantani formation
Tawara arkose sandstone and conglomcrate 50m.
Shiodani sandstone; containing megafossils as Anadara sp., Dosinia sp., Felaniella “usta”, Ka-
telysia nakamurai, Protorotella yuantaniensis, and Turritella s-hataii; 65m.
Okuyamada formation
Kaya tuffaceous mudstone; containing mcgafossxls as Anadara sp., Chlamy.r sp.,  Dosinia sp.,
Glycymeris ayugawaensis, Ostrea gigas, and Myrica Naumanni ; 95m.
Miyamura sandstone; containing megafossils as Dosinia sp., Kutelysia na(‘amumz, Turritella

s-hataii, and Vicaryella sp., 20m.
- Kawakami conglomerate; 35m.

unconformity
BASEMENT ROCKS

Unfortunately 41 samples of the total 44 were barren of Foraminifera. Therefore,
the Foraminifera discussed herein are from only three horizons of the Shiodani sand-
stone, the lower division of the Yuantani formation mentioned above. The Okuya-
mada microfauna consisting of 18 species as shown in Table XXIX may be named
the Rotalia-Eponides-Nonion faunule. The upper part of the Tsuzuki group which yie-
1ded the faunule microbiostratigraphically seems to correspond to the upper part of
the Nonion mizunamiense zone which type section is in the lower Mizunami group, Gifu
Prefecture (Plate 38). N

TABLE XXIX
Distribution of Okuyamada Foraminifera

) . Zone N-Z
Upper
i Faun,
T R-EF
Samp. Locs. -

Species 1 9

Dentalina sp.

Lagenonodosaria sp.
Lagena sp. .
Nonion japonicum Asano lo}
N. nakosoense Asano

N. sp.
Pseudononion cf. japonicum Asano F
P. cf. tredecum Asano

Nonionella miocenica Cushman

Elphidium cf. etigoense Husezima and Maruhasi

Cribroelphidium yabei (Asano)
Elphidiella cf, momiyamaensis Uchio
Eponides frigidus (Cushman) R R

AR AR =>
AAA | @

QFm & "™
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Samp. Locs.
i sl

2 3
Rotalia beccarii (Linnaeus) VA VA ¢C
R. takanabensis (Ishizaki) R C C
R. tochigiensis Uchio R R Cc
Anomalina glabrata Cushman R
Hanzawaia tagaensis Asano R

N-Z; Nonion mizunamiense Zone, R-E-F ; Rotalia-Eponides-Nonion Faunule, VA ; Very abundant,
Aj; Abundant, C; Common, F; Few, R ; Rare.
Sampling localities:

1- A fossiliferous fine-grained sandstone of the Shiodani sandstone, the lower division of the Yuantani
formation, exposed at the cliff (Lat. 34°51°3”” N., long. 135°55’44.4’” E.) of the strecam in Kaya,
Ujitawara-machi, Tsuzuki-gun, Kyéto Prefecture.

2- Stratigraphically about 4.0m. above locality 1.

8- A fossiliferous medium-grained sandstone of the Shiodani sandstone, which is stratigraphically pro-
bably above locality 2, exposed at the floor (Lat. 34°50'44*” N., long. 135°54°11.4” E.) of the stream
in Shiodani, Ujitawara-machi, Tsuzuki-gun, Kydto Prefecture.

M. Tokiwa, North of Awaji Island, Hysgo Prefecture

‘The smaller Foraminifera discussed herein was collected by the writer from the se-
diments exposed at Tokiwa, Hokutan-machi, Tsuna-gun, Hyogo Prefecture.

The sediments correspond to the Miocene Iwaya formation (SHIKAMA, 1936) dis-
tributed in the area north of the Awaji Island. The Iwaya formation in the vicinity
of the sampling locality has a thickness of about 100m. and consists of two parts of
coarse-grained facies below and fine-grained facies with some molluscan fossils above. -
As shown in Table XXX, the Foraminifera from the two samples of the latter facies
above mentioned consist of 31 species belonging to 21 gencra and 10 families. The mi-
crofauna shown in Table XXX may be named the Elphidium-Elphidiella-Cibicides faunule.

Microbiostratigraphically, the upper part of the Iwaya formation which yielded the

faunule seems to correspond to the Miogypsina kotoi-Operculina complanata japonica zone
(Plate 38).

TABLE XXX
Distribution of Awaji Foraminifera

w Mk-Oc Z
F

aun. E-LT

Species Sam. Locs.

—
L]

Haplophragmoides sp.
Cyclammina incisa (Stache)
Gaudryina ishikiensis Asano
G. yabei Asano
Quinqueloculina sp.

ARRAR

Triloculina sp.

Trochammina sp.

Marginulina sp.

Pseudoglandulina laevigata (d'Orbigny)

R RR RR RR

AR
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[ SamP, Locs. 1
Species —

Guttulina irregularis (d'Orbigny)

Globulina sp.

Nonion grateloupi (d'Orbigny)

N. scaphum (Fichtel and Moll)

N. umbilicatulum (Montagu)

N. sp.

Elphidium etigoense Husezima and Maruhasi
Elphidiellu momiyamaensis Uchio

Bulimina ovata d’Orbigny

B. sp

Bolivina marginata Cushman

B. robusta Brady
LEponides frigidus (Cushman)
E.s

R
ARAR R

® A»0 R

. SP.
Anomalina glabrata Cushman
A. sp.

Planulina nipponica Asano

P. wuellerstorfi (Schwager)

Hanzawaia tagaensis Asano

Cibicides lobatulus (Walker and Jacob)
C. pseudoungerianus (Cushman)

Dyocibicides perforata Cushman and Valentine

Q»r RAR R RAR AT >4

HomEE PR W

Mk-0c Z; Miogypsina kotoi-Operculina complanata japonica Zone, E-E-F; Elphidium-Elphidiella-
Cibicides Faunule, A; Abundant, C; Common, F; Few, R; Rare.
Sampling localities:
1- A fossiliferous fine-grained sandstone of the Iwaya formation exposed at the road cliff (Lat. 34°33’
30" N., long. 134°58"24.4” E.) of Tokiwa, Hokutan-machi, Tsuna-gun, Hydgo Prefecture.
2- Stratigraphically about 1.0m. above locality 1.

N. Tanabe City, Wakayama Prefecture

According to the study of T. TAXEYAMA (1930), the stratigraphy of the Miocene
formations in the vicinity of Tanabe City, Wakayama Prefecture is summarized as fol-
lows in descending order;

KANAYAMA GROUP 1000m.
Upper conglomerate
Lower sandstone; medium-grained sandstone with Serpula-, Turritella-, and Paphia fossil zones
in downward sequence.

partial unconformity
TANABE GROUP 2000-1500m.
Asso formation ; hard black shale with sandstone beds. }
Maro formation and its equivalents; alternation of sandstone, conglomerate, and shale.
Inari formation and its equivalents; sandstone and conglomerate intercalating sandy shale.
Tagawa formation ; conglomerate and sandstone with some plant fossils.

unconformity

BASEMENT ROCKS (MURU GROUP)

The smaller Foraminifera discussed herein was collected by the writer from nine
horizons of the Asso formation, the uppermost division of the Tanabe group above
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mentioned, and one from the Lower sandstone, the lower division of the Kanayama
group. o

As shown in Table XXXI, the foraminiferal fauna of the Tanabe Tertiary forma-
tions consists of 57 species and subspecies belonging to 32 gencra and 14 familics, ex-
cluding the pelagic forms.

Generally speaking, the family Lagenidae is represented by the largest number of
genera, species, and individuals. In other families, the genera Cyclammina, Plectina,
Martinottiella, and Nonion include a large number of the species and individuals. The
occurrence of pelagic forms is remarkable throughout the majority of the horizons.

From the characteristics of the Foraminifera shown in Table XXXI, the Tanabe
microfauna may be divided into two faunules, namely, Cyclammina-Martinottiella-Ma-
rginulina-Robulus faunule below and Cyclammina faunule above.

Microbiostratigraphically, the upper Tanabe group which yielded the former fau-
nule seems to correspond to the Lagenonodosaria scalaris-Uvigerina crassicostata zone and
the transitional zone from the Tanabe group to the Kanayama group, which contains
the latter faunule, to the Cyclammina orbicularis-Martinottiella communis zone (Plate 38).

TABLE XXXI
Distribution of Tanabe Foraminifera

\ ~ Formations ' Tan G KG
Asso F . - SF
_Zones

Ls-Ue Z Co-Mc Z

Fauns,
C-M-T C-F
Species

10

—
(3]
N
W
(=23
~
[==]
[{=]

Bathysiphon sp. . R R
Ammodiscus sp. ’
Ammodiscoides? sp.

Cyclammina ezoensis Asano
C. cf. ezoensis Asano ‘R

~ RR
AR R

C. incisa (Stache) R
C. cf. japonica Asano .
C. orbicularis Brady "R
C. cf. pusilla Brady A
C.sp. F R

Textularia cf. conica d’Orbigny R

Gaudryina ishikiensis Asano R R R R
G. yabei Asano R
Plectina cf. nipponica Asano
P. sp. . R
Goésella schencki Asano
Kurreriella tanabensis Tai, n. sp. I R
Martinottiella communis (d’Orbigny) R R R
Schenckiella victoriensis (Cushman)
Sigmoilina imamurai Tai R F R

S. schlumbergeri Silvestri

Pyrgo sp.
Trochammina sp.

]
~
AR
=
>
Q

R

A AR AR
~
~

~r
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Species Hors. 1 2 3 4 5 6 7 8 9 10

Robulus calcar (Linnaeus) R
R, etigoensis Asano

R. cf. iotus (Cushman) ‘ .
R. lucidus (Cushman) R .R
R. nikobarensis (Schwager) .
R, cf. orbicularis (d’Orbigny) R

R. pseudorotulatus Asano R

R. ¢f. sagamiensis Asano
R. sp.

Margmulma aculeata Neugeboren R R R R R R
M. glabra d’Orbigny
M. masudai Asano R R

M. sp.
Dentalina communis d’'Orbigny R
D. cf subsoluta (Cushman) :

AmE R

R R

. Nodosaria pyrula d’Orbigny

Pseudaglandulma sp.

Lagenonodosaria scalaris sagamiensis Asano
Lagena sp.

Guttulina irregularis (d’Orbigny)

Nonion kidoharaense Fukuda

N. nakosoense Asano o
N. pompilioides (Fichtel and Moll) R
Nonionella miosenica Cushman R
Bulimina sp. R R R

Fissurina sp. R

Eponides praecinctus (Karrer)
Rotalia cf. inflata (Seguenza)
R. takanabensis (Ishizaki) )
Baggina notoensis Asano R R
Planulina nipponica Asano R

Hanzawaia tagaensis Asano
Cibicides pseudoungerianus (Cushman)

WD WRRIE W R R

AR R RRE

Globigerinidae: A A A C "R A R

Tan G; Tanabe Group, KG; Kanayama Group, Asso F; Asso Formation, SF; Lower Sandsto-
ne, Ls-Uc Z; Lagenonodosaria scalaris-Uvigerina crassicostata Zone, Co-Mc Z; Cyclammina orbic~
ularis-Martinottiella communis Zone, G-M-F; Cyclammina-Martinottiella-Marginulina-Robulus
Faunule, C-F ; Cyclammina Faunule, A; Abundant, C; Common, F; Few, R; Rare.

Sampling horizons:
1- A hard black shale of the Asso formation, exposed at the northern cliff (Lat. 33°43°15”” N., long 135°
24’2.4’ E.) of Mori Harbour, Tanabe City, Wakayama Prefecture.
2- Stratigraphically about 5m. above horizon 1.
3- Stratigraphically about 10m. above horizon 1.
4- Stratigraphically about 15m. above horizon 1.
§- Stratigraphically about 20m. above horizon 1.
6- Stratigraphically about 25m., .above horizon 1.
7- Stratigraphically about 78m. above horizon I.
8- Stratigraphically about 83m. above horizon 1.
9- Stratigraphically about 136m. above horizon 1.
10- Stratigraphically about 189m. above horizon 1.
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O. Imaichi-machi, Izumo City, Shimane Prefecture

The stratigraphy of the Miocene Fujina formation in the vicinity of Imaichi-machi,
Izumo City, Shimane Prefecture, has been studied by K. OKAMOTO (1959) and the
writer briefly gave an outline of it in Chapter L

The marine sediments which yiclded the Miocene Foraminifera discussed herein cor-
respond to the Fujina mudstone member, the upper division of the Fujina formation.
The foraminiferal samples were collected by K. OkAMOTO from six horizons of the
Fujina member distributed in Imaichi-machi, Izumo City, Shimane Prefécture.

The Imaichi microfauna consists of 13 species and subspecies (Table XXXII) bel-
onging to 8 genera and 6 families.

From the characteristics of the Foraminifera shown in Table XXXII, the Imaichi
microfauna may be divided into two faunules, namely, Haplophragmoides- Trochammina
faunule below and Nonion-Eponides faunule above. Microbiostratigraphically, a part
of the upper Fujina formation which yiclded the former faunule seems to correspond
to the lower part of the Ubigerina subperegrina-Epistominella pulchella zone and the latter
faunule to the middle part of the same zone (Plate 38).

TABLE XXXII
Distribution of Imaichi Foraminifera

: \ Zone Us-Ep Z
\ Lower Middle
Fauns,
H-T-F N-E-F
S

amp. hors,

Species 1 2:3 |4 5 6

Haplophragmoides sp.
Cyclammina pusilla Brady

C. sp. indet.

Plectina cf. nipponica Asano
Trochammina cf. nobensis Asano

> "1 3O

7. sp.
T.? sp : R R
Noman japonicum Asano R
N. :capf hum (Fichtel and Moll) R
Eponides frigidus calidus Cushman and Cole R

L. praecinctus (Karrer) R
Rotalia cf. beccarii hatatatensis Takayanagi R
Epistominella pulchella Husezima and Maruhasi R

Us-Ep Z; Uvigerina subperegrina-Epistominella pulchella Zone, H-T-F; Haplophragmoides-Trocham-
mina Faunule, N-E-F; Nonion-Eponides Faunule, A; Abundant, G; Common, F; Few, R;
Rare.

Sampling horizons:

1- A very fine-grained sandstone facies of the Fujina mudstone member, the upper division of the Fu-
jina formation, distributed at Kurihara, Imaichi-machi, Izumo City, Shimane Prefecture (Lat.
35°21’9’” N., long. 132°47/20.4” E.).

2- Stratigraphically about 79m. above horizon 1.

3- Stratigraphically about 97m. above horizon 1.
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4- Stratigraphically about 99m. above horizon 1.
5- Stratigraphically about 370m. above horizon 1.
6- Stratigraphically about 480m. above horizon 1.

P. Kute- and Asayama-machi, Ota City, Shimane Prefecture

The smaller Foraminifera obtained from many horizons of the Miocene Kuri and
Omori formations distributed in Kute- and Asayama-machi, Ota City, Shimane Pre-
fecture are discussed here.

The geology of the Kuri and Omori formations was outlined by the writer in the
section on the Inner Subprovince in Chapter I. :

The Kuri formation here is a hard black shale facies interbedding a dacitic tuff
breccia in its upper part and from its shale facies 33 foraminiferal samples were col-
lected by the writer and M. OKUHARA. On the other hand, the Omori formation,
which consists mainly of andesite flow and its pyroclastics, intercalates some black shale
facies in the upper part and from its shalc facies 8 foraminiferal samples were collected
by M. OKUHARA.

The smaller Foraminifera picked up from these samples consist of 101 species and sub-
species (Table XX XIII) belonging to 44 genera and 16 families, excluding the pelagic
forms. The genera Haplophragmoides, Cyclammina, Martinottiella, Sigmoilina, Robulus, No-
dosaria, Lagenonodosaria, Nonionella, Uvigerina, Eponides, and Rotalia contain the majority
of the species and individuals of the present microfauna. From the characteristics of

" the Foraminifera shown in Table XXXIII, the Kute and Asayama microfaunas may
be divided into five foraminiferal assemblages in ascending order, namely, Cyclammina-,
Epistominella-, Cyclammina-Robulus-Lagenonodosaria-Uvigerina-, Haplophragmoides-Cyclam-
mina-Martinottiella-Sigmoilina-, and C yclammina-Martinottiella faunules. Of these faunules,
the last two faunules, Haplophragmoides- and Cyclammina-ones, are very similar each other,
though the latter faunule slightly differs from the former one by having a fewer indi-
vidual number of Foraminifera.

Microbiostratigraphically, the middle part of the Kuri formation which contains the
former three faunules above mentioned, corresponds to the upper part of the Lageno-
nodosaria scalaris-Uvigerina crassicostata zone, and the upper part of the same formation
which contains the next faunule to the lower and middle parts of the Cyclammina orb-
icularis-Martinottiella communis zone, and the Omori formation which contains the last
faunule to the upper part of the same zone just mentioned above (Plate 38).
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Sampling horizons:
1- A black shale of the Kuri formation, exposed at the cliff along the road of Hata-Kanbara section of
Asayama-machi, NE of Ota City, Shimane Prefecture (Lat. 35°13’33"” N., long. 132°34°30.4” E.).
2- Stratigraphically about 40.0m. above horizon I.
3- Stratigraphically about 41.0m. above horizon 1.
4- Stratigraphically about 45.0m. above horizon 1.
5- Stratigraphically about 51.5m. above horizon 1.
6- Stratigraphically about 52.5m. above horizon 1.
7- Stratigraphically about 61.5m. above horizon 1.
8- Stratigraphically about 64.0m. above horizon 1.
9- Stratigraphically about 65.5m. above horizon 1.
10- Stratigraphically about 69.5m. above horizon 1.
11- Stratigraphically about 72.5m. above horizon 1.
12- Stratigraphically about 74.0m. above horizon 1.
13- Stratigraphically about 75.0m. above horizon 1.
14- Stratigraphically about 76.5m. above horizon 1.
15- Stratigraphically about 78.0m. above horizon 1.
16- Stratigraphically about 80.0m. above horizon 1.
17- Stratigraphically about 82.5m. above horizon 1.
18- Stratigraphically about 84.0m. above horizon 1.
19- Stratigraphically about 85.0m. above horizon 1.
20- Stratigraphically about 105.0m. above horizon 1.
21- Stratigraphically about 106.5m. above horizon 1.
22- Stratigraphically about 108.5m. above horizon 1.
23~ Stratigraphically about 116.5m. above horizon 1.
24- Stratigraphically about 134.5m. above horizon 1.
25- Stratigraphically about 138.5m. above horizon 1.
26- Stratigraphically about 139.5m. above horizon 1.
27- Stratigraphically about 140.5m. above horizon 1.
28- Stratigraphically about 141.5m. above horizon 1.
29- Stratigraphically about 142.5m. above horizon 1. ‘
30- A hard black shale of the Kuri formation, exposed at the cliff of the Tagi Primary School, which is
situated in Kuchitagi, Taki-mura, Hinokawa-gun, Shimane Prefecture (Lat. 35°15°26"" N., long.
132°35’9.4"” E.). :
31- Stratigraphically about 8.5m. above horizon 30.
32- Stratigraphically about 13.5m. above horizon 30.
33- A hard black shale of the Kuri formation, exposed at Tsukao-dani, Taki-mura, Hinokawa-gun,
Shimane Prefecture (Lat. 35°15°29’/ N., long. 132°35°25.4"/ E.).
34~ A hard black shale of the Omori formation, exposed at Suzumi, SE of Kute-machi, Ota City, Shi-
mane Prefecture (Lat. 35°13°13” N., long. 132°31°14.4”” E.).
35- Stratigraphically about 5.0m. above horizon 34.
36- Stratigraphically about 10.0m. above horizon 34.
37- A tuffaceous hard shale of the Omori formation, exposed at the road side cutting of Suzumi, Kute-
machi, Ota City, Shimane, Prefecture (Lat. 35°13’16”” N., long. 132°31°23.4"” E.).
38- A hard black shale of the Omori formation, exposed at Asakura, Asayama-machi, Ota City, Shi-
mane Prefecture (Lat. 35°14°42”” N., long. 132°33°56.4"” E.).
39- A hard black shale of the Omori formation, exposed at Kuchitagi, Taki-mura, Hinokawa-gun, Shi-
mane Prefecture (Lat. 35°15°27" N., long. 132°34’59.4"” E.).
40- A hard black shale of the Omori formation, exposed at the road side cutting of Tsuto, Asayama-
machi, Ota City, Shimane Prefecture (Lat. 35°15’30"” N.,, long. 132°34’38.4"" E.).
41- A hard black shale of the Omori formation, exposed at the floor of the stream in Senzan, Asayama-
machi, Ota City, Shimane Prefecture (Lat. 35°15’16” N., long. 132°34°18.4" E.).
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CHAPTER IV

CORRELATION

A. Definition of Terms

As R. M. KLEINPELL has stated in his Miocene Stratigraphy of California (1938, p. 96),
the terms zones and stages should be used in “an attempt to arrive at a chronological
classification of rocks independent of both lithologic and faunal facies”..

KLEINPELL (1938) emphasized that “the particular type of assemblage or association
upon which depends the recognition of a zone could better be described as the joint
occurrence in the same strata of two or more specics having different geologic ranges”,
and should be distinguished from the usage of ecologists who use the terms assemblage
or association in classifying environmental phenomena. For those fossil assemblages
characteristics of which are due more to environmental than chronological factors
KLEINPELL employed FENTON’s terms faunule™* as redefined by FENTON and FENTON
(1928). As FENTON and FENTON pointed out in the same paper, what geologists have
for study as an assemblage is “‘a representation of the plant or-animal population of
a given area during a given time, minus unknown subtraction, plus undetermined (or
undeterminable) additions, and representing, probably, more than one habitat”.

It was with such assemblage that FENTON and FENTON discussed the terms faunule
and zonule.

In the previous pages, the various faunules or assemblages noted in the Historical
Summary (Chapter II) and in the section on the Remarks on the Newly Obtained Fora-
minifera (Chapter III) have been recognized under such consideration, and have been
graphically correlated in Plate 38. They are also tied into the standard chronologic-
biostratigraphic section which is reviewed in the following pages, together with the
type sections of a number of the formations more commonly referred to in the litera-
ture on West Honshti Miocene stratigraphy.

B. Stages and Zones

1. Togarian Stage: The name “Togarian” was first proposed to designate a time-
stratigraphic unit of stage magnitude in the Japanese Miocene by J. MAKIYAMA
(1939). A more strict redefinition based upon the smaller Foraminifera of the stage
will be given here. '

The type of this stage is the lower division of the Mizunami group, which yiclded
a skull of Desmostylus japonicus, distributed in Togari, ncar Mizunami City northeast
of Nagoya. The Mizunami group here corresponds lithostratigraphically to MAKIYA-
MA’s Togari formation, the type of his Togarian stage. Thus the Togarian redefined
by the writer falls into the lower division of MAKIYAMA’s stage excluding the Mio-

* Faunule or florule: an assemblage of fossil animals or plants, associated in one or a few contiguousstrata,
and dominated by the representatives of one community, commonly either an association or a layer .
society.
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gypsina-bearing part from his stage. On the other hand, the upper division of MAKI-
vAMA’s Togarian stage, as described in the following pages, corresponds to the lower
part of the superjacent Miyoshian stage established by the writer (1958) from the Mi-
yoshi Miocene in the Chiigoku District. The Miogypsina-bearing part above mentioned

- is the Shukunohora sandstone member of the upper Mizunami group and microbio-
stratigraphically corresponds to the lower division of the Miyoshian stage or the Mo-
gypsina kotoi-Operculina complanata japonica zone in the following pages.

In 1939, MAKIYAMA, from the evidence afforded by the molluscan-and mammalian
fossils, concluded that his Togarian is middle Miocene and equivalent of the European
Vindobonian. :

The lower Mizunami group is the type of the stage, which consists of the Tsukiyo-
shi sandstone-, Togari sandstone-, and Yamanouchi mudstone members combined, and

" overlies unconformably granitic rocks, though in some localities its equivalents occur
unconformably above the Nakamura formation, which is a lacustrine deposit with coal
seams. The top of the lower Mizunami group underlies unconformably a pumiceous
coarse-grained facies (or the Hazama member of K. FUJITA and S. OGOSE, 1951) co-
nsidered by the writer (1958), as a horizon equivalent to the Miogypsina-bearing Shu-
kunohora sandstone member, which is a base facies of the upper Mizunami group.

" The columnar section of about 52m. in thickness at the type locality of the stage is
outlined in Plate 37. The sediments of the type section are remarkably tuffaceous, fos-
siliferous, and noduliferous, and vary generally from coarse-grained sandstone through
tuff and fine-grained sandstone to mudstone in upward sequence.

As to the other occurrences of the Togarian stage, it became evident that the Mi-
ocene sediments in Okuyamada near Ky6to City is referred to this stage from an ex-

- amination of its foraminiferal fauna. But in West Honshi the distribution of this stage
seems to be restricted within the Kinki and Nébi Miocene districts.

The Togarian Foraminifera are generally not so rich in species and individuals.
Among the Foraminifera, genera such as Nonion, Nonionella, Elphidium, Elphidiella, Epo-
nides, and Rotalia are common and characteristic, suggesting a shallow water habitat.
On the whole, the Togarian fauna is somewhat related to that of the overlying Miyo-
shian, since many species characteristic of the Togarian fauna extend up into the lower
part of the Miyoshian stage.

Nonion mizunamiense Zone: The Togarian stage is represented by the Nonion mizuna-
miense zone. This zone corresponds with the microbiostratigraphical unit proposed as
the “Nonion-Elphidium” zone by the writer in the previous report (Table XVI).

The type section of this zone is the same as chosen for the type locality of the Toga-
rian stage. Perhaps two zones may be distinguished as subdivisions of the stage, but
a discussion of these is withheld for the time being. As described by the writer in

Table XVI, an assemblage of foraminiferal species in the lower part of the type zone
comprises two faunules, namely, Elphidium-, and Nonion-Elphidium-Eponides faunules.
These two faunules occur only from the Tsukiyoshi and Togari members and the
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lower part of the Yamanouchi member combined, all of which are included in the
lower part of the lower Mizunami group. The occurrences equivalent to this asse-
mblage are unknown from the other Miocene areas in West Honshdt so far as the
writer examined. Some of the species that make their first or abundant appearance in
the lower zone are: Nonion cf. grateloupi, N. japonicum, N. mizunamiense, N. nakosoense,
N. nikobarense, N. scaphum, Nonionella miocenica, Elphidium etigoense, E. ozawai, E. cf. se-
ndaiense, E. tsudai, Elphidiella momiyamaensis, Eponides frigidus, E. frigidus calidus, Rotalia
cf. beccarii, Hanzawaia tagaensis, Cibicides lobatulus, and C. pseudoungerianus.

In the upper part of the lower zone, a few pelagic Foraminifera also occur.

The type of the upper part of the zone is the upper half of the Yamanouchi mud-
stonec member which has yielded an assemblage of the Lagena-Rotalia-Nonion-Elphidium
faunule (Table XVI). Though this assemblage also is very similar with the subjacent
lower assemblage above mentioned, it is distinguished from the subjacent one in hav-
ing a few species of the gencra such as, Robulus, Dentalina, Nodosaria, Lagenonodosaria,
Lagena, Bolivina, and Angulogerina, characteristic of neritic depths. Other similar occu-
rrence of this upper assemblage was found from the Shiodani sandstone member, the
lower division of the Yuantani formation in the Okuyamada Miocene near Kyéto
(Table XXIX). Of the 18 species consisting of the Okuyamada fauna, 12 occur in
the upper assemblage. Thus a part of the Tsuzuki group which contains the Okuya-
mada microfauna corresponds with the upper part of the zone and therefore falls into
the microbiostratigraphic position as shown graphically in Plate 38.

2. Miyoshian Stage: The Miyoshian stage represents the age of maximum trans-
gression in the Miocene stages in West Honshil, and therefore is marked by the widest
distribution.

The Miyoshi basin in Hiroshima Prefecture is the type area for the Miyoshian stage
of the writer (1958). The type section measures about 48 meters in thickness and the

-same facies is exposed in about the lower half of the type Bihoku group distributed
along the road side of Obara in the basin, The sediments of the type section consist

-of two parts, namely, a sandstone facies which yiclded abundant larger Foraminifera
and molluscan fossils below, and a shale facies with smaller Foraminifera in profusion
above. Though the top of the stage underlies the superjacent Iwami-Otan stage with
conformable relation in a continuous black shale sequence of the upper Bihoku group,
unfortunately, the base of the stage covers a mass of Cretaceous granite-porphyry.
Despite the fact that the Miyoshian assemblages arc widespread and characteristic in
West Honshii, the choice of a type locality for the stage was difficult, since a stage is
best defined in a continuous fossiliferous marine sequence and it is important that both
the subjacent and superjacent stages be developed. For example, though the base of
the Miyoshian stage in Togari, Mizunami City, unconformably covers the top of the
subjacent Togarian stage, the upper part of the Miyoshian stage is missing, but it is
developed in the type Miyoshi area.

‘The lithology of this stage ncarly everywhere indicates generally a transitional zone
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ranging conformably from the rich molluscs-bearing sandstone facies to fossiliferous
shale or mudstone facies in upward sequence, and is not commonly tuffaceous. The
thickness of the stage is somewhat variable in the lower part according to places.

The Miyoshian in the Setouchi Province overlaps the pre-Tertiary rocks at many
localities, though in some places it unconformably overlies the Miocene Shiomachi
formation and its equivalents, which consist of lacustrine deposits. The stage in the
Inner Subprovince of the San’in Province everywhere occurs with unconformable
relation above the Miocene Hata group and its equivalents, which comprises a volcanic
complex. On the other hand, areas in which the stage is missing are the Outer-, Shi-
mane Peninsula-, and Oki Islands Subprovinces, of the same Province, in which the
horizons equivalent to the stage consist of variable lithofacies composed of pyroclastic
materials and lacustrine sediments (Chapter I). These sediments, from the evidence
afforded by the plant fossils and volcanostratigraphy, are shown graphically in Plate
38, together with the sediments which yielded the Foraminifera. :

The Miyoshian microfauna is geographically most extensive in distribution among
the Miocene stages and is remarkable in that its fauna shows very little if any ecologic
diversity, though some local differences can be recognized in the lower faunules through-
out the West Honshi. Of the sedimentary facies forming the stage, the lower Miyo-
shian faunule nearly everywhere occurs in a sandstone facies, and the middle and upper
Miyoshian commonly in a shale facies. The associated distribution of both the sedi-
mentary facies and Foraminifera and their gradual change from one to the other is in
good agreement with the transitional change observed in their environmental condi-
tions. ‘

Miogypsina kotoi-Operculina complanata japonica Zone: This zone characterizes the lower
Miyoshian stage and its microfauna comprises typically tropical or subtropical elements
represented by larger Foraminifera, such as Miogypsina and Operculina and their associ-
ated smaller ones. Another characteristic feature of this particular horizon is the re-
stricted occurrence of; Quinqueloculina cf. elongata, Q. cf. sawanensis, Q, cf. yezoensis,
Triloculina tricarinata, Planularia yabei, Bulimina ovata, Discorbis cf. australensis, D. cf. na-
kamurai, and Amphistegina lessonii. These species however comprise a small population. .
The families Rotaliidae and Nonionidae contain the majority of the species and indi-
viduals of the zone, though the actual number of species is not great.

The foraminiferal assemblages corresponding to the zone are faunules derived from:
the upper Mizunami group in Mizunami (Table XVI); the lower Toyoda formation
in Nara (Table XIV); the Iwaya formation in North Awaji Island (Table XXX); the
lower Bihoku group in the Tsuyama basin (Table X, XII, XVIII), in the vicinity of
Niimi City (Table IX), in the Shobara basin (Table VII), and in the type Miyoshi
basin (Table VI); the Kawai formation in Hiebara (Table XV) and in Takuno (Table
XXI). ‘ ‘

Lagenonodosaria scalaris-Uvigerina crassicostata Zone: This zone occupics the middle
and upper parts of the Miyoshian stage. In the zone, the family Lagenidae are repre-
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sented by the largest number of genera, species, and individuals. Of the other families,
the genera Uvigerina, Ellipsonodosaria, Nonion, Angulogerina, Eponides, Gaudryina, Bolivina,
Bulimina, Hanzawaia, Cibicides, Cassidulina, and Epistominella contain the majority of spe-
cies and individuals. Another outstanding feature of this zone is the large number of
specimens of the pelagic, open-sea genera Globigerina and Globorotalz'a, which are wide-
spread and occur in considerable numbers.

Of the species distinguished by the writer from the West Honshtt Miocene forma-
tions, about one third are restricted species of the zone. These Foraminifera comprise
the upper and lower faunules and show close affinity each other, but the former is dis-
tinguished from the latter by showing a remarkable increase of arenaceous forms, such
as Cyclammina, Sigmoilina, Martinottiella, Plectina, Gaudryina, and Haplophragmoides etc.

As shown in Plate 38, a complete sequence of the zone with the two faunules seems
to be at present, restricted to the Miocene areas within the Chigoku District. These.
were distinguished in areas of: the Bihoku group in Tsuyama (Table X, XII), in the
vicinity of Okayama (Table XVII), in Shébara (Table VII), in the type Miyoshi
(Table VI); the Masuda group in Masuda (Table XXII); the Tochimoto shale mem-
ber near Tottori (Table XXVIII); the Kawai formation in Hicbara (Table XV), and
in Oshihara (Table XX). The faunule equivalent to the lower zone also occur in the
Oidawara mudstone member of the upper Mizunami group in Mizunami (Table XVI);
in the Toyoda formation in Nara (Table XIV); in the Bihoku group.in Niimi (Table
IX), in Minomi (Table XIX); and in the Kawai formation in Takuno (Table XXI).
A faunule equivalent to the upper zone also occurs in the Kuri formation in Asaya-
ma (Table XXXIII).

Thus, the nature and distribution of the Foraminifera of the zone scem to suggest
conditions of comparatively low relief during the greater part of the Miyoshian age
in West Honshi.

Although some of the arenaccous Foraminifera appearing in this Miyoshian stage
extend their range up into the superjacent Iwami-Otan stage, the faunal change obse-
rvable betwcen the Miyoshian and Iwami-Otan is the most pronounced one recognized
within the West Honshéi Miocene. In other words, the warm-water clements charac-
teristic of the Miyoshian stage have largely disappeared by the Iwami-Otan time and
there is a change marked by existence of only arenaceous Foraminifera, such as Cye-
lammina, Martinottiella, Plectina, Gaudryina, Sigmoilina, and Goésella.

3. Iwami-Otan Stage: The Iwami-Otan stage where it occurs always conformably
overlies the Miyoshian stage. The lithology of the Iwami-Otan stage is represented
by a hard black shale facies associated with remarkable rhyolite flow and its pyroclastic
materials, and particularly in its upper part there was evidenced an unstable deposi-
tional condition due to violent volcanic activities. Despite the fact that the stage is
thicker than those of the subjacent ones, its Foraminifera nearly everywhere comprise
only a few arenaceous forms or those associated with one or two species of calcarcous
forms. In some cquivalent rocks of the stage Foraminifera are sometimes lacking. The
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contrasting occurrences of arenaceous and calcareous forms, the associated and/or sin-
gle occurrences of particular elements, the intervention of Foraminifera barren litho-
logic units, and other physical phenomena are considerable important in the distinc-
tion and recognition of superjacent and subjacent time-rock units. '
The type of the lower and middle parts of the Iwami-Otan stage coincides with the
type Kuri formation, distributed in the vicinity of Kuri-machi, Ota City, Shimane
Prefecture.  The two parts are a continuous shale facies having a rhyolitic, green
tuff and tuff breccia at the uppermost horizon of the lower part of both and together
are estimated to have a thickness of about 250 meters. On the other hand, the type
of the upper part of the stage is the Omori formation distributed in the southeast of
Kute-machi, Ota City, Shimane Prefecture. The Omori formation is a volcanic com-
plex, which consists mainly of andesite and its pyroclastic materials which are conside-
red to have been produced by violent submarine eruptions. This volcanism is so remark-
able throughout the San’in Province that almost everywhere the Omori formation
fails to intercalate sedimentary facies containing microfossils. Therefore, difficulty as
to selection of the most favorable standard for. the Iwami-Otan stage which should be
distinguished from a continuous, fossiliferous, sedimentary facies. The boundary bet-
ween the upper and middle Iwami-Otan stages is that between the Omori and Kuri
formations where the sequence is apparently unconformable. On the other hand, the
boundary between the lower and middle Iwami-Otan stages everywhere is conform-
able and is placed at the top of the rhyolitic, tuff and tuff breccia bed intercalated in
the middle part of the Kuri formation. This rhyolitic bed is widespread and therefore
it may be taken as an important key bed for correlation purposes among the areas of
the marine shale facies within the San’in Miocene. )
Cyclammina orbicularis-Martinottiella communis Zone: This zone represents the Iwami-
Otan stage. The Foraminifera which occur in the zone comprise almost arenaceous
forms and diversity in their assemblage is not recognized. The genera Bathysiphon,
Haplophragmoides, Cyclammina, Gaudryina, Plectina, Goésella, Martinottiella, Sigmoilina, and
Trochammina contain the majority of the specics and individuals. An environmental
analysis of these arenaceous gencra suggest that the hard black shale of the zone was
deposited under a special condition. Conclusive remarks with regard to this particular
sedimentary environment will be expressed at another opportunity because the work is
still in progress. '
The upper, middle, and lower parts of the zone respectively coincide with those of
the Iwami-Otan stage mentioned above. The assemblages from these parts closely
resemble each other, notwithstanding the conspicuous differences in their respective
individual numbers. The middle part of the zone is characteristic in yiclding some spe-
cimens of undetermined species of the calcarcous genera, such as Robulus, Dentalina,
Globobulimina, and Rotalia.
The faunules corresponding to the lower Iwami-Otan stage occur: in the upper B1
hoku group at Yasuda in the Tsuyama basin (Table XII), in the same group of a bor-
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ing well near Okayama City (Table XVII), and in the type section of the Miyoshian
stage (Table VI); in the Tochimoto shale member near Tottori City (Table XX VIII);
in the Kuri formation in the Hiebara basin (Table XV), in the type Kuri (Table XX
III), and in Asayama-machi (Table XXXIII); in the Tamatsukuri formation in Ta-
matsukuri (Table XXIV), and in Muro south of Matsue City (Table XXV). The type
faunule and its equivalents which all correspond to the middle Iwami-Otan stage occur:
in the type Kuri (Table XXIII) and in the Kuri formation of Asayama-machi (Table
XXXIID); in the Tamatsukuri formation at Aoki south of Matsue City (Table XXV);
and in the Jésoji shale member, northwest of Matsue City, Shimane Prefecture (p. 286).
The upper Iwami-Otan stage is represented by the faunules from the Omori forma-
tion of Kute-machi (Table XXXIII) in Ota City and from the Ushikiri alternation
member (p. 286) in Matsue City, Shimane Peninsula.

4. Fujinan Stage: The type of the Fujinan stage is the Fujina formation distribu-
ted along the southern side of Shinji Lake, Shimane Prefecture.

This stage is characterized by the considerable diversity in the sedimentary environ-
ments and in the faunal assemblages. The lithology of the type section which is more
than 700 meters in thickness is almost uniform, being of fossiliferous mudstone or shaly
sandstonc facies which becomes coarse-grained in its lower part and seems to represent
an intervolcanic age, since it is not tuffaceous.

The subjacent Iwami-Otan stage below the type Fujinan stage is the Omori forma-
tion, which is a volcanic complex and thus has yielded no Foraminifera. The relation
between both stages is apparently unconformable. On the other hand, in the northern
side of Shinji Lake, the relation between the two stages is evidently conformable. The
boundary is between the Ushikiri alternation- and Furue mudstone members, the mid-
dle and upper divisions of the type Furue formation (Chapter I). ’

The superjacent stage of the Fujinan is represented by the Matsue formation, which
is distributed in the central part of the Shimane Peninsula. This is newly treated as
“Lower Pliocene” in the present report. The relation between it and the subjacent
stage is evidently conformable in both the southern and northern sides of Shinji Lake.
Thedistribution of the Fujinan stage is restricted mainly to within the Shimane Penin-
sula- and Outer Subprovinces, though its equivalents also occur in Oki Islands Subpro-
vince. The Fujinan stage is noteworthy in that it is relatively thick compared with its
narrow and restricted distribution in West Honshdi. Namely, the stage on the northern
side of Shinji Lake amounts to about 1000 meters in thickness. The type Fujinan section
of the southern of the same Lake is nearly equal in thickness. The Fujinan stage of
the northern side is defined by the Furue mudstone member. The microfauna from it
is dissimilar from that of the type Fujinan. This difference, as already pointed out by
the writer (1955), was determined from the ccological conditions inferred from the mi-
crofaunas and is due to the characteristic paleo-configuration which suggests a “graben-
trough”. Thus, from the stratigraphical and structural point of views, the sedimentary
basin entombing these microfaunas varied with places.
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From the forgoing remarks, it became evident that the localization based upon the
orogenic movement, as indicated by the unconformable relation of the units on the
southern side and the conformable one on the northern side, occurred between the
Fujinan and the subjacent Iwami-Otan. This movement continued during the Fujinan
age. It seems possible that the commencement of such orogenic movement had begun
already from about the middle Iwami-Otan age, as indicated by the unconformable
relation between the Kuri and Omori formations in the Inner- and Outer Subprovinces.

The Foraminifera of the Fujinan stage is represented by the families Buliminidae,
Lituolidae, Cassidulinidae, Nonionidae, and Anomalinidae. A remarkable feature of
the Fujinan Foraminifera is the disappearance of the Miyoshian microfauna, which is
characterized by dominant warm-water forms belonging to the family Lagenidae and
is similar to the so-called late Tertiary faunas distinguished in the Indo-Pacific regions,
such as Kar Nicobar, Java, Sumatra, and Fiji Islands. Radiolarian- and diatom fossils
also occur abundantly in association with the Fujinan Foraminifera. Pelagic Forami- -
nifera are relatively rare in the stage.

Uvigerina subperegrina-Epistominella pulchella Zone: This zone represents the Fujinan
stage. The genera Uvigerina,Epistominella, Cassidulina, Cibicides, Nonion, Cribroelphidium,
Pullenia, Cyclammina, Gaudryina, Haplophragmoides, and Plectina contain the majority of
the species and individuals of the Foraminifera of the zone. This zone is characterized
by the restricted occurrences of Epistominella pulchella, Haplophragmoides compressum, H. -
emaciatum, Quinqueloculina sakaii, and Bulimina cf. auriculata. The species that make their
first appearance in the zone are Cribroelphidium tomitai and Qpinqueloculina akneriana, and
those that terminate in the zone are: Bathysiphon sp., Ammodiscus sp., Haplophragmoides
trullissatum, Cribrostomoides cf. kyushuense, Cyclammina cf. cancellata, C. cf. ezoensis, C. incisa,
C. japonica, C. sp., Spiroplectammina niigataensis, Textularia Lythostrota, Plectina nipponica,
Goeselia schencki, Martinottiella communis, Lagenonodosaria fukushimaensis, Lagena laevis, L~
striata, L. sulcata spicata, Guitulina (Sigmoidina) pacifica, Nonion pompilioides, N. scaphum,
N. umbilicatulum, Nonionella miocenica, Entosolenia marginata, Bolivina cf. robusta, Uvigerina
cf. hootsi, U. nitidula, U. segundoensis, U. subperegrina, U. yabei, U. sp., Angulogerina cf. hugh-
esi, A. kokozuraensis, Discopulvinulina bertheloti, Eponides praecinctus, Rotalia cf. beccarii hata-
tatensis, Cassidulina laevigata carinata, C. margareta, C. cf. subglobosa, Pullenia salisburyi,
Anomalina glabrata, Cibicides aknerianus, C. lobatulus, and C. pseudoungerianus. '

The uppermost part of the type zone is defined by the about 200 meters thick Furue
mudstone member, which occurs directly below the lower Matsue formation distribu-
ted at Terazu of Matsue City. To be repeated is that the larger part of the type zone
is defined by the type Fujina formation distributed in the vicinity of Fujina in the
southern side of Shinji Lake.

The faunules corresponding to the lower and middle Fujman stage occur: in the
type Fujina formation (Table III), and in the Fujina formation distributed in the vici-
nity of Imaichi-machi in the western side of Shinji Lake (Table XXXII); in the type
Furue mudstone member (Table III). The faunules corresponding to the middle Fu-
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jinan stage occur in the Tsuma sandstone- and Igo mudstone members distributed in
Dégo, Oki Islands, Shimane Prefecture (Table IV). The faunule of the upper Fujinan
stage is only from the uppermost part of the type Furue mudstone member (Table III).
Each of these faunules is shown respectively on the left side of Plate 38.

5. Unnamed “Lower Pliocene” Stage: No angular discordance is known between -
the “Lower Pliocene” and Fujinan stages. The unnamed “Lower Pliocene” stage is re-
presented by the type Matsuc formation, the uppermost division of the Shinji group
(Chapter IN. The type Matsuc formation is a coarse-grained sandstone facics, with some
coal scams in the upper and lower parts and basaltic flows in its middle part, although
intercalating of fossiliferous shale rarely. The formation distributed in the vicinity of
Matsue City forms a synclinorium with the axis direction of about E-W. The formation
is variable in thickness and in lithofacies, and a volcanic member occupies its middle
part. The thickness is estimated to about 400-1100 meters. The lower and middle parts
of the formation have yiclded abundant so-called Pliocene characteristic megafossils
as Turritella saishuensis, T. nipponica, Chlamys cosibensis, and other mollusca (Chapter I).

The unnamed “Lower Pliocene” stage although lithologically rather well developed
has yielded very few and frequently no Foraminifera so far as examined. But the unnam-
ed “Lower Pliocenc” stage seems to be characterized by a zone named “Rotaliacf. beccarii”.

Rota'ia cf. beccarii Zone: The faunule of this zone, on the whole, are characterized
by the littoral or shallow-water genera such as Rotalia, Quinqueloculina, Nonion, and El-
phidium. The lower faunule of the zone was obtained from the Terazu sandstone mem-
ber exposed at Yada, south of Matsue City (Table XXVII). On the other hand, the
upper faunule of the same zone was derived from the Kuroda sandstone member distri-
buted in a boring well, north of Matsue City (Table XXVI).

The “Lower Pliocene” microfauna is evidently distinguished from the subjacent Fu-
jinan microfauna in lacking specimens of the genera, such Cyclammina, Uvigerina, Epi-
stominella, Cassidulina, Cibicides, Pullenia, and Plectina which dominate the Fujixian.

C. Summary of Foraminiferal Sequence

The stratigraphic occurrences of the species of the Foraminifera recorded by the writ-
er from the West Honsht Neogene deposits are given in the Range Chart of the Forami-
nifera (Table XXXIV). Thus the nature of the faunules and prominent faunal changes
which characterized the stages and zones described in this paper may be understood.-

It may be added that faunal differences due to ecological factors or to sedimentary
control have been analyzed in detail in order that the established time-rock units may

. not conflict with the faunal differentiation due to physical agencies and not to time.
Further to test the validity and value of the established time-rock units, broad areas,
continuous or isolated have been surveyed stratigraphically and paleontologically, com-
pared and correlated. From available data concerning the Neogene sediments of West
Honshi it may be said with considerable confidence that the opinions expressed in
the carly pages as well as in those to follow serve as a good working basis.
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TABLE XXXIV
Range Chart of Foraminifera in Neogene of West Honshd, Japan

Legend: A=Abundant, C=Common, F=Few, R=Rare, ( )=Identity similar, ?=Identity doubtful,
N = Nonion mizunamiense Zone, MO = Miog ypsina kotoi-Operculina complanata japonica Zone, LU=
Lagenonodosaria scalaris-Uvigerina crassicostata Zone, CM = Cyclammina orbicularis-Martinottiella com-
munis Zone, UE = Uvigerina subperegrina-Epistominella pulchella Zone, R = Rotalia cf. beccarii Zone

< 'T'oga- . X . . Unna-
w rian Miyoshian Iwamx-Otanl Fujinan med

Zones N MO LU CM UE R

Species

=
c
c
t
g
c
t
<
c
-
c

Rhabdammina sp.
Bathysiphon sp.
Reophax ? sp.
Ammodiscus sp.
Ammodiscoides sp.

Haplophragmoides canariensis (d’Orbigny)
Haplophragmoides compressum LeRoy
Haplophragmoides emaciatum (Brady)
Haplophragmoides renzi Asano
Haplophragmoides trullissatum (Brady)

Haplophragmotides sp.
Cribrostomoides kyushuense Asano
Cribrostomoides sp.
Ammobaculites catenulatus

Cushman and McCulloch
Ammobaculites sp.

Gyclammina cf. cancellata Brady
Gyclammina ezoensis Asano
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Textularia sp. .
Gaudryina imamurai Tai, n. sp.
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Gaudryina cf. karihaensis Asano
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Gaudryina takunoensis Tai, n. sp.
Gaudryina yabei Asano
Gaudryina sp.

Gaudryinella tsuchidai Uchio
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Eggerella cf. bradyi (Cushman)
Dorothia sp. .

Plectina nipponica Asano
Plectina sp.

Goésella schencki Asano

Goésella sp.

Karreriella tanabensis Tai, n. sp.
Martinottiella communis (d’Orbigny)
Martinotiiella sp.

b
I
=1
(1]
bl

Il

AR PR =
"WRR RAF| O

RR |
=7 |
B mom aa | > |

|
|
= oA |
= R

|
B

[
|
I
I
I
I

I
I
I
|
I
[
I
I
I
I
I
[

| >mRm =
= =>] |
=1l
=1
Frrn
FET
1 1==
Pt
LT
Pt

P
P
falll

g
o
E)
()

| == |
==
Il
LTl
Il
I

Pl
I

LT

Ll
P

b
Pt
=111
P
P
P
1 1=]

|RR|®m =R | |R = |

I
NN
Iii=
A>mAIA MR |
= mx >all |
Ay | R mm | | |
lalll
Al laoax] ||
CIREEIRN
LT
N
L1




Y. Tal

Species

t
c

c

(S
c

-
=
c

=
c

Schenckiella victoriensis (Cushman)
Quingueloculina akneriana d’'Orbigny
Quinqueloculina elongata Natland
Quingueloculina sakaii Tai
Quinqueloculina sawanensis Asano

Quinqueloculina vulgaris d’Orbigny
Quinqueloculina yezoensis Asano
Quinqueloculina sp.

Miliolinella circularis (Bornemann)
Spiroloculina communis Cushman and Todd

Spiroloculina communis incisa Gushman
Spiroloculina sp.

Sigmoilina imamurai Tai

Sigmoilina schlumbergeri Silvestri
Sigmoilina tenuis (Czizek)

Sigmoilina sp.

Triloculina okamotoi Tai, n. sp.
Triloculina tricarinata d'Orbigny
Triloculina sp.

Pyrgo murrhina (Schiwager)

Pyigo cf, vespertilio (Schlumberger)
Pyrgo sp.

Trochammina nobensis Asano
Trochammina spl_:

Robulus asanoi Takayanagi

Robulus bicostatus Asano

Robulus calcar (Linnacus)

Robulus etigoensis Asano

Robulus iotus (Cushman)

Robulus izumoensis Tai and Okamoto, n. sp.

Robulus javana (Koch) var.
Robulus javana simplex (Koch)
Robulus {ucidu: (Cushman)
Robulus miyagiensis Asano
Robulus nikobarensis (Schwager)

Robulus notoensis Asano
Robulus orbicularis (d'Orbigny)
Robulus pseudorotulatus Asano
Robulus cf. sagamiensis Asano
Robulus cf. surugaensis Asano

Robulus cf. tangens LeRoy

Robulus yoshitaiiensis Chiji and Nakascko
Robulus sp.

Lenticulina asanoi Tai

Lenticulina sp.

Planularia yabei Asano

Planularia yokoii Tai, n. sp.
Planularia sp.

Marginulina aculeata Neugeboren
Marginulina glabra d'Orbigny

Marginulina masudai Asano

Marginulina mukaei Tai and Okamoto, n. sp.
Marginulina cf. nakamurai (Asano)
Marginulina sendaiensis Asano

Marginulina sp.

Dentalina communis d’Orbigny
Dentalina emaciata Reuss
Dentalina insecta (Schwager)
Dentalina soluta Asano
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Dentalina spinosa d'Orbigny

Dentalina subsoluta (Cushman)
Dentalina tauricornis (Schwager)
Dentalina sp.

Nodosaria longiscata d’Orbigny
Nodosaria notoensis Asano

Nodosaria pyrula d'Orbigny
Nodosaria radicula (Linne')
Nodosaria tosta Schwager
Nodosaria vertebralis (Batsch)
Nodosaria sp.

Pseudoglandulina laevigata (d'Orbigny)
Pseudoglandulina sp.

Lagenonodosaria fukushimaensis Asano
Lagenonodosaria scalaris (Batsch)
Lagenonodosaria scalaris sagamiensis Asano

Lagenonodosaria sp.

Saracenaria akitaensis Iwasa and Kikuchi
Saracenaria cf. latifrons (Brady)
Saracenaria sp.

Vaginulina cf. awaensis. Asano

Vaginulina bradyi Cushman

Vaginulina yoshihamaensis Inoue & Nakaseko
Vaginulina sp.

Frondicularia foliacea (Schwager)
Frondicularia sp.

Lagena acuticosta Reuss
Lagena cf. globosa (Montagu)
Lagena hispidula Cushman
Lagena laevis (Montagu)
Lagena perlucida (Montagu)

Lagena striata (d’Orbigny)

Lagena substriata Williamson

Lagena sulcata (Walker and Jacob)

Lagena sulcata laevicostata Cushman & Gray
Lagena sulcata spicata Cushman & McCulloch

Lagena sp.

Guttulina irregularis (d’Orbigny) )
Guttulina kishinouyi Cushman and Ozawa
Guttulina lactea (Walker and Jacob)
Guttulina cf. problema d’Orbigny

Guttulina cf. sadoensis (Cushman and Ozawa)
Guttulina (Sigmoidina) pacifica

(Cushman and Ozawa)
Guttulina sp.
Globulina sp.
Pyrulina ¢ylindroides (Roemer)

" Nonion cf. akitacnse Asano
Nonion grateloupi (d’'Orbigny)
Nonion japonicum Asano
Nonion kidoharaense Fukuda
Nonion mizunamiense Tai, n. sp.

Nonion nakosoense Asano

Nonion nicobarense Cushman

Nonion pacificum (Cushman)

Nonion pompilioides (Fichtel and Moll)
Nonion scaphum (Fichtel and Moll)

Nonion shukuense Tai, n. sp.
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Nonion umbilicatulum (Montagu)
Nonion sp.

Astrononion sp.

Pseudononion hashimoioi Tai, n. sp.

Pseudononion japonicum Asano
Pseudononion tredecum Asano
Pseudononion sp.

Nonionella miocenica Cushman
Nonionella sp.

Elphidium advenum (Cushman)

Elphidium clavatum Cushman

Elphidium craticulatum (Fichtel and Moll)
Elphidium etigoense Husezima and Maruhasi
Elphidium imanishii Asano

Elphidium ozawai Uchio

Elphidium sendaiense Takayanagi
Elphidium tsudai Chiji and Nakaseko
Elphidium sp.

Cribroelphidium tomitai Tai

Cribroelphidium yabei (Asano)
Cribroelphidium sp.

Elphidiella momiyamaensis Uchio
Operculina complanata japonica Hanzawa
Plectofrondicularia japonica Asano

Plectofrondicularia longistriata LcRoy
Plectofrondicularia miocenica Cushman
Plectofrondicularia sp.

Robertina hanzawai (Asano)

Bulimina cf. auriculata Bailcy

Bulimina imamurai Tai, n. sp.
Bulimina inflata Scgucenza
Bulimina okayamaensis Tai, n, sp.
Bulimina ovata d'Orbigny
Bulimina pupoides d'Orbigny

Bulimina pyrula d’Orbigny
Bulimina striata d’'Orbigny
Bulimina striata notoensis Asano
Bulimina sp.

Globobulimina perversa (Cushman)

Globobulimina sp.

Fissurina marginata (Montagu)
Fissurina orbignyana Scguenza
Fissurina sp.

Qolina hexagona (Williamson)

Oolina melo d’Orbigny

Virgulina complanata Egger

Virgulina ishikiensis Asano

Virgulina cf. nodosa R. E.and K. C, Stewart
Virgulina sp.

Bolivina hongoensis Tai, n. sp.
Polivina marginata Cushman
RPolivina marginata masudai Asano
Bolivina robusta Brady

Bolivina substriatula Asano

Bolivina sp.

Reussella aculeata Cushman
Reussella spinulosa (Reuss)
Reussella sp.

Uvigerina cf. aculeata d’Orbigny
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Uvigerina cf. akitaensis Asano
Uvigerina crassicostata Schwager
Uvigerina cf. hootsi Rankin
Ubvigerina multicostata LeRoy
Uvigerina nitidula Schwager

Uvigerina proboscidea Schwager

Uvigerina segundoensis Cushman and Galliher
Uvigerina subperegrina Cushman & Kleinpell
Uvigerina yabei Asano

Uvigerina sp.

Hopkinsina hispida (Schwager)

Hopkinsina sp.

Siphogenerina sp. , )
Angulogerina cf. hughesi (Galloway & Wissler)
Angulogerina kokozuraensis Asano

Angulogerina occidentalis (Cushman)
Angulogerina sp.

Ellipsonodosaria japonica Ishizaki
Ellipsonodosaria lepidula (Schwager)
Ellipsonodosaria sp.

Discorbis australensis Heron-Allen & Earland
Discorbis nakamurai Asano

Discorbis opercularis (d’Orbigny)

Discorbis sp.

Discopulvinulina bertheloti (d’Orbigny)

Discopulvinulina bradyi Cushman
Discopulvinulina hofkeri Asano
Discopulvinulina isabelleana (d’Orbigny)
Discopulvinulina nitida (Williamson)
Discopulvinulina sp.

Valvulineria nipponica Ishizaki

Valvulineria sadonica Asano

Valvulineria sp. )
Gyroidinoides planulata (Cushman and Renz)
Gyroidina nipponica Ishizaki

Gyroidina orbicularis d’Orbigny
Cyroidina soldanii d’Orbigny
Gyroidina sp.

Eponides bengarensis (Schwager)
Eponides frigidus (Cushman)

Eponides frigidus calidus Cushman and Cole
Eponides haidingerii (d'Orbigny)

Eponides naraensis Tai, n. sp. i
Eponides nipponicus (Husezima & Maruhasi)
Eponides praecinctus (Karrer)

Eponides subpraecinctus Asano

Eponides tanai Uchio

LEponides umbonatus (Reuss)

Eponides sp.

Rotalia beccarii (Linnaeus)

Rotalia beccarii hatatatensis Takayanagi
Rotalia inflata (Seguenza)

Rotalia papillosa Brady

Rotalia takanabensis (Ishizaki)

Rotalia tochigiensis Uchio

Rotalia sp.

Poroeponides sp.

Cancris auriculus (Fichtel and Moll)
Caneris sp.
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Species

=

c

=

<
c

™
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c

=
c

Baggina notoensis Asano

Baggina sp.

Amphistegina lessonii d’Orbigny
Amphistegina sp.

Ceratobulimina sp.

Epistominella japonica (Asano)

Epistominella pulchella Husezima & Maruhasi
Epistominella sp.

Cassidulina globosa Hantken

Cassidulina imamurai Tai, n. sp.

Cassidulina laevigata carinata Cushman

Cassidulina margareta Karrer
Cassidulina orientale Cushman
Cassidulina pacifica Cushman
Cassidulina subglobosa Brady
Cassidulina sp. »

Cassidulinoides miuraensis Higuchi
LEhrenbergina notoensis Asano
Ehrenbergina serrata Reuss
Ehrenbergina sp.

Pullenia apertula Cushman

Pullenia bulloides (d'Orbigny)

Pullenia quingqueloba (Reuss)

Pullenia salisburyi R. E. and K. C. Stewart
Pullenia sp. .

Sphaeroiding austriaca d'Orbigny

g:phatroidina compacta Cushman and Todd
phacroidina japonica Asano
Sphaeroidina sp.
nomalina glabrata Cushman
Anomalina kojimaensis Tai, n. sp.

Anomalina sp.

Planulina asanoi Tai, n. sp.
Planulina nipponica Asano
Planulina subdepressa Asano
Planulina wuellerstorfi (Schwager)

Planulina sp.

Hanzawaia nipponica Asano
Hanzawaia tagaensis Asano
Hanzawaia sp.

Cibicides aknerianus (d’Orbigny)

Cibicides dogoensis Tai, n. sp.

Cibicides floridanus (Cushman)

Cibicides lobatulus (Walker and Jacob)
Cibicides (?) omurai Asano and Inomata
Cibicides pseudoungerianus (Cushman)

Cibicides refulgens (Montfort)

Cibicides shukuensis Tai, n. sp.

Cibicides sp.

Dyocibicides biserialis Cushman & Valentine
Dyocibicides perforata Cushman & Valentine

Dyocibicides sp.
Miogypsina kotoi Hanzawa
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D. Geohistorical Summary of the West Honshii Miocene

Based upon Figure 2 and Plates 37, 38, showing the micropaleontological features
of the respective lithological units and time-rock units and their inter-relation by means
of correlation, the general geohistory of the San’in and Setouchi Provinces may be
summarized as given in the lines to follow, '
~ As may be noticed from the correlation chart the foundation rocks of the Neogene

sedimentarics distributed within the San’in and Setouchi Provinces are everywhere
in unconformable. Upon this eroded surface there are developed either eruptives and
their pyroclastics as seen throughout the San’in Province and brackish to lagoonal de-
posits as observed in the western part of the Setouchi Province. Elsewhere as in the
central and castern parts of the Setouchi Province and in the Nankai Province there
are found shallow water marine deposits covering the basement rocks unconformably.

From the relationship between the basement and covering Neogene sedimentaries
it is quite evident that the first marine transgression in the areas of West Honshd which
is represented by the Togarian stage commenced either by very shallow tranquil warm
thermal seas which was in part contemporancous with the rather violent volcanism on
the land and also with already formed lagoons and brackish water embayments then
fringing the land surface. These latter terrestrial to brackish water deposits were soon
drowned by the transgressing sea. This sea brought into the central part of the seto-
uchi Province shallow water lithofacies characterized with thickshelled molluscs of
large size and variety was succeeded only in the Okuyamada area of the central part
of this Province with shallow neritic smaller Foraminifera, which mark the upper part
of the Togarian. ' ‘ : ‘

The upper part of the Togarian represented by the Nonion mizunamiense zone repre-
sented the shallower part of the transgressing sea prior to deeping of the Provinces
and extension of the invading seas. : :

The next Miyoshian stage represents the period of most widespread distribution of
the transgressing seas which brought in to the present Provinces warm-thermal waters
carrying a microfauna consisting of elements typical of subtropical to warm tempe-
rate regions. Unlike the coarse clastic sediments characterizing the Togarian, the Mi-
yoshian becomes more argillaceous although coarse clastics still continue in local areas
of the San’in and Setouchi Provinces. The shallow nature of the Miyoshian seas is
readily distinguished by such gencra as Miogypsina, Operculina, Elphidium, and from
the characteristic occurrence of Rofalia in some areas such as the western and central
parts of the Setouchi Province it seems evident that cven though transgression was
widespread and seems to have reached the climax at this time, there also existed some
embayments. These embayments were soon destroyed by the continucd sinking of the
land being covered by the maximum transgression which lead to a rather abrupt change
in the faunal clements, by which the younger Miyoshian is distinguished into two
parts, the lower of which is characterized by the still existence of embayment facies
and the upper by the drowning of those embayments to produce an open sea facies
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which typifies the upper part of the Miyoshian.

The younger part of the Miyoshian is typified by the abundant occurrence of mem-
bers of the Lagenidac and planktonic Foraminifera and at the same time it appears
as if nearly all of the pre-existing embayments have become flooded and the conditions
changed to that of an open sea. Lithologically it can be stated that from about this
time argillaceous sediments increase in amount and become of common occurrence,
whereas coarse clastic become scarce in good agreement with the microfauna. However,
the warm thermal seas continue to prevail in the present Province although their effect
on the fauna scems to have become more influencial as may be noticed from the occur-
rence of species flourishing in the Kar Nicobar Miocene dominating the present area.
The conditions changing to that of an open sea resulted in the stabilization of the
fauna living there and the production of uniform sediments which cither occur in the
form of an alternation of fine-grained siltstone and sandstone or be massive, homogenus
black shales, except in arcas as the Shimane Peninsula and Oki Islands where terre-
strial conditions still prevailed.

During the middle part of the Miyoshian there was rather intense volcanicity thr-
oughout the Sctouchi Provirice and this influenced the larger part of the San’in Pro-
vince as is recognized from a plagiorhyolitic tuff bed extending nearly throughout both
of the said Provinces. This physical phenomena defines the top of the middle part of
the Miyoshian and also marks the faunal change by which the younger Miyoshian is
divided into two faunules, and these two comprise the upper zone of the two of the Mi-
yoshian. Prior to gradual uplift of the whole West Honsh&i Miocene there occurred a
gradual decping of the seas in which was deposited the Iwami-Otan stage. The Iwami-
Otan based upon fauna, lithology and paleooceanographical conditions can be subdi-
vided into three parts, of which the lower two comprise two distinct faunules of wide
distribution in the Provinces dealt with and the upper generally of volcanic sediments
but of argillaccous ones where they occur. The middle subdivision is separated from
the lower by a rhyolitic tuff and the upper from the next younger Fujinan stage by
two pyroxene andesite flows.

Thus during the Iwami-Otan conditions scems to have been rather uniform through
the time of deposition of the two lower subdivisions of the stage except for the spre-
ading of volcanic sediments in its middle part. From their microfauna, it is cvident
that the scas continued to be temperate and their depth rather great. However, during
the later part of the Iwami-Otan there seems to have been a gradual uplift associated
with volcanism and the introduction of newly formed coarse clastic sediments, which
relcased the argillaceous ones characterizing the lower and middle divisions of the
Iwami-Otan. This gradual uplift lead to the production of sediments of a regressive
phase characterized the Fujinan stage. The Fujinan stage is developed only in the
San’in Province in West Honshi so far as studied by the writer. Its typical develop-
ment'is in central Shimane Peninsula where its relation with subjacent and superjacent
stages can be observed, elsewhere only its lower and middle parts are found and un-
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fortunately in those places they are unconformably overlain by younger deposits, there-
fore, the exact amount of sediment that has been eroded away remain unknown.
However, since typical development can be observed in the Shimane Peninsula, rough
judgement of the amount of lost sediment can be undertaken.

The stage is subdivided into three parts chiefly by the staller Foraminifera conta-
ined in the sediments, .by the lithological characteristics and by the sediments com-
mencing from coarse clastic, changing upwards into finer ones and then argillaceous
ones. The second cycle which starts with coarse clastic (sandstone) forms the basal part
of the next younger unnamed “Lower Pliocene’ stage, the stage being left unnamed
because its uppermost is difficult to determine owing to being superposcd with an
unconformity. -

The lower division of the Fujinan is characterized with a shallow water fauna in
its larger part but locally with some deep water forms according to the bottom con-
figuration of the then existing seas. The middle part in which Uvigerina and Cassidulina
appear as a characteristic forms seems to indicate the maximum depth of the area
under which sedimentation was proceeding-and the upper division suggests gradual
shallowing of the sedimentary basin. The gradual uplift resulted in the production
of an unconformity throughout the greater part of the sedimentary basin, but the re-
peated subsidence in the local basin of Central Shimane Peninsula and South Matsue
‘resulted in the construction of the next younger unnamed “Lower Pliocene” stage.
By the end of the Fujinan stage the whole area of West Honsha was raised above sea-
level and erosion became very active, particularly throughout all parts except where
local subsidence was again repeated as shown by the distribution and development as
well as faunal facies of the unnamed Pliocene time-rock unit.

During the carly pait of the unnamed “Lower Pliocene” stage there occured rather
widespread flows of olivine trachybasalts extending from the Oki Islands to South
Matsue via the central part of the Shimane Peninsula. Accordingly this widespread
volcanism is important as a good guide in the upper part of the lower subdivision of
the unnamed “Lower Pliocene” stage. »

The youngest unnamed stage in West Honsha is characterized by abundant speci-
mens of Rotalia cf. beccarii, which shows that the conditions were very shallow, of bay-
like character, not long-lived, and together with volcanisms and the deposition of
coarse clastics suggests that the conditions were far from stable.

Thus, from the remarks concernirig the characteristics of the smaller faunal subdi-
visions, bottom conditions under which the Foraminifera once lived, development of
cyclic sediments, lithological units and their distribution within the present area toge-
ther with their relationship with volcanisms it becomes evident that:

1-the geographically isolated localities where stratigraphical observations and pal-
contological investigations have been carried out have intimate relationship,

2-the intimate relationship is shown in the correlation chart in the form of distribu-
tion of the respective stages and their subdivisions throughout West Honshi,
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3-the gradual change in thermal conditions from subtropical or warm temperate as
indicated by the foraminiferal fauna of Indo-Pacific origin in the early time-rock units
to subtemperate then to tempcrate and finally to cool temperate in the latest stage, is
a typical feature of the Necogene deposits of Japan, reserving the fact that small differ-
ences occur locally, '
4-the periods of volcanism having widespread or more or less extensive distribution
within the arcas surveyed occured at least five times. The significant one which is
considered the first took place during Togarian time and is represented by basalt, two
pyroxenc andesite, dacite, rhyolite, and their pyroclastics. Where marine sedimentaries
“are devcloped the lithofacies is tuffaceous. This significant activity is concentrated
in the Inner Subprovince of the San’in Province. The second which is more or less
extensive is represented by acidic tuff and occurs between the upper and middle sub-
divisions of the Miyoshian stage. The third consists of rhyolite and is less extensive
than the second and occurs at the uppermost part of the lower subdivision of the Iwami-
Otan stage. The still less extensive or fourth volcanism is represented by the two pyr-
oxene andesite flows and its pyroclastics which occurs in the upper part of the upper
subdivision of the Iwami-Otan stage. The fifth outburst which is confined to a part
of the San’in Province consists of olivine trachybasalt and its pyroclastics; this occurs
in the upper part of the lower subdivision of the unnamed *“Lower Pliocene” stage.
It is evident that the distribution of the volcanic ejecta became less intense and less
cxtensive in upward sequence, but showed intimate relation with faunal displacement
and introduction as well as with lithological subdivision of the stratigraphic sequence
where they occur, (The details of these volcanisms, from the petrological and volcan-
ostratigraphical points of view, have been reported by M. MUKAE. (1954, 1957, 1958)
5-the differentiation in upward sequence of the assemblage of the smaller Forami-
nifera apparently have relationship with instability of the sea-bottom of the sedimen-
tary basins in which they lived as is clarified by the investigation from the bio-, litho-,
paleooccano-, and other facies so far determined,
6-the faunal sequence and their change in clements and reflected paleoccological
conditions when compared with the time-rock units introduced by R. M. KLEINPELL
for the Tertiary sediments of Northwest America are found to show harmony,
7-geological age determinations although difficult from the view of strict European
standard have been tentatively scttled according to general usage in the North Pacific
area, :
8-finally it is to be added that further rescarches are advisable before conclusive
remarks can be stated for the Neogene deposits developed in Japan, but to be repeated
is that the present work may be fruitful as a working basis and as the nucleus for fu-
ture standardization of the varied fauna and sediments which are influenced by highly
variable oceanographical conditions.
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E. Correlation of the West Honshti Miocene Biostratigraphical and
Time-Rock Units with Other Areas in the Japanese Islands

~ Based upon the foregoing discussions and presented evidences the lithological units
of Neogenc age developed within the San’in and Setouchi Provinces, may be correlated
with one another as shown in Plate 38, in which particular emphasis is given to the
distribution of the established stages and zones. The Togarian stage and the larger
part of the Miyoshian stage occur in the marine formations of the eastern Sctouchi
Province, while the whole Miyoshian stage and the lower part of the Iwami-Otan stage
- are found in the marine formation distributed in the western Setouchi Province. The
typcs of the other- stages occur in’three subprovinces of the San’in Province, namely,
the type Iwami-Otan stage in the Inner Subprovince, the type Fujinan in the Outer
Subprovince, and the unnamed “Lower Pliocene” stage in the Shimane Peninsula Sub-
province. Of the stages distinguished in the West Honsha Neogene, it became evident
that the San’in includes all except the Togaman stage and that the Setouchi contains
about the lower half of them.:

The most useful key with regard to the correlation carried out in West Honshti men-
tioned above was the Miyoshian stage. Particularly, the Lagenonodosaria scalaris-Uvigerina
crassicostata zone, the upper one of the Miyoshian stage, is most widespread in distri-
bution and yields the most uniform, stable, and abundant faunal assemblage repre-
sented by the family Lagenidace. At the same time, this zone is particularly important
as it is the horizon which yiclds the most abundant pelagic Foraminifera. From such
rcasons the San’in and Setouchi Miocene Provinces could be tied together by this par-
ticular zone. Furthermore, it seems very probable to the writer that this zone will
become an important key for correlation in the Japanese Miocene should researches
be extended more extensively. :

From the Pacific side of West Honshi, Foraminifera were distinguished from the
Tanabe Miocene, Wakayama Prefecture (Table XXXI), and from the results of the
paleontological and biostratigraphical studies of the Foraminifera and its yiclding stra-
ta, the microfauna from the Asso formation, the uppermost one of the Tanabe group,
is cquivalent to the Lagenonodosaria scalaris-Uvigerina crassicostata zone; it belongs to the
upper and middle Miyoshian stage. Further, the foraminiferal assemblage from the
lowermost part of the Kanayama group is very similar to that of the lower Iwami-
Otan stage. The Tanabe Miocene area belongs to the Nankai Province, about the
central part of the West Outside Province, proposed by N. IKEBE (1957). The occur-
rence of the Miyoshian stage in this Province suggests a possibility for correlation be-
tween the Setouchi and West Outside Miocene and serves to show the w1desprcad
distribution of the time-rock unit.

In 1953, K. AsANO reported on the Miocene smaller Foraminifera from the upper
part of the Higashi-innai and Najimi formations in the Noto Peninsula, Ishikawa Pre-
fecture.  As a result of his studies, he concluded that the fauna is similar to that of
Kar Nicobar or Fiji Islands, which indicates an age corresponding to the Preangerian
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(Vindobonian). At the same time, he stated that in the Noto microfauna the family
Lagenidae is represented by the largest number of genera, species, and individuals
and in other families, the genera Bulimina, Uvigerina, Cassidulina, Guttulina, Nonion, Ci-
bicides, Gaudryina, and Valvulineria contain the majority of the species and individuals.
Pelagic Foraminifera of the family Globigerinidae also occur in abundance in associ-
ation with this benthonic fauna. ’

The majority of this Noto microfauna are common to that of the upper zone of the
Miyoshian stage, the Lagenonodosaria scalaris-Uvigerina crassicostata zone. According to
the stratigraphical study of the Noto Miocene by K. MASUDA (1954), this upper part -
of the Higashi-innai formation under discussion succeeds conformably the middle part
of the same formation, which contains many important fossils, such as Miog ypsina,
Operculina, Vicarya, and Patinopecten etc. Accordingly, it scems possible that this middle
part corresponds to the lower zone of the Miyoshian stage, the Miogypsina kotoi-Operc-
ulina complanata japonica zone, although smaller Foraminifera have not been reported
from this part.

K. AsaNo (1953) further stated that the middle part of the Higashi-innai formation
can be correlated with the lower part of the Nishikurosawa formation in Akita Pre-
fecture, which contains the Miogypsina-Operculina fauna.” Both the upper parts of the
Higashi-innai and the Najimi formations are correlated by him with the upper part
of the Nishikurosawa formation, the Onnagawa or the Funakawa formation, which
appear in succession along the southern coast of Oga Peninsula in Akita Prefecture.

Recently S. IwAsA and Y. KikucHI (1954) reported about 150 species of smaller
Foraminifera from the middle Miocene Sugota formation distributed in'the Dewa Hills
between the Yokote and Honjé basins in Akita Prefecture. This Sugota foraminiferal
fauna is very similar with those of the middle and upper Miyoshian stage in West
Honshfi under discussion. They stated that the family Lagemdae is represented by
the largest number of genera, species, and individuals, occupying about one-third of
the fauna, and of the other families, those of the Nonionidae, Buliminidae, Rotaliidae,
and Anomalinidae are next in abundance. The pelagic forms of the family Globige-
rinidae also occur in abundance. They concluded that the Sugota formation is a cor-
relative of the Nishikurosawa formation above mentioned and may belong to the Vi-
ndobonian age. This age determination was previously upheld by S. NOMURA and
K. HATAI (1936) from the their study of the molluscs and brachiopods from the Sugota
formation.

O. YAMAGATA (1957) recorded about 30 species of Miocene Foraminifera from the
upper Oisawa formation and the Mizusawa formation in the area west of Aterazawa-
machi, Yamagata Prefecture. According to the stratigraphical study of that author,
the upper Oisawa formation which yielded the smaller Foraminifera overlies confor-
mably the lower Oisawa formation which contains abundant Miogypsina cf. kotoi, Ope-
reulina complanata japonica, and Liquidambar formosana. From the comparisons of the fora-
miniferal sequence and composition and general lithology, the Oisawa formation seems

369



Y. Tar

to correspond to the Miyoshian stage in the present paper. On the other hand, all
Foraminifera from the Mizusawa formation above the Oisawa occur in the micro-
fauna of the Iwami-Otan stage in the present paper as important arenaccous forms
of its stage. Accordingly, the Mizusawa formation seems to correspond to the Iwami-
Otan represented lithologically by hard black shale facies. It is very intcresting that
the sharp line recognized between the Miyoshian and Iwami-Otan faunas also occurs
evidently in the faunal change between the Oisawa and Mizusawa formations. O. YA-
MAGATA (1957), in the same report, correlated the upper Oisawa microfauna with
the Noto microfauna (K. AsANO, 1953) succeeding the Miogypsina-Operculina zone in
the Noto Peninsula, Ishikawa Prefecture.

S. Iwasa (1955) distinguished a large number of benthonic Foraminifera from the
Ishizawagawa group, the principal oil-bearing strata in Honjé City and its environs
in Akita Prefecture. He stated that the foraminiferal fauna of the Ishizawagawa group
indicates a cool thermal condition contrary to the underlying Sugota formation, which
contains a fauna of warm thermal waters. He further stated that from the foramini-
feral assemblages and stratigraphic distribution of some of the characteristic forms,
this Ishizawagawa fauna can be divided into the following four zonules, namely, Mar-
tinottiella-, Miliammina-, Uvigerina-Angulogerina-, and Cassidulina zonules. These four zon-
ules, which occupy the middle and upper parts of the Ishizawagawa group, the Tate-,
Minaminomata-, and Osawa formations combined, in general, secem to correspond to
the Uvigerina subperegrina-Lpistominella pulchella zone of the Fujinan stage in the present
report. But only the uppermost part of the Osawa formation, the upper part of the
Cassidulina zonule, may possibly correspond to the Matsue formation, the type of the
unnamed *“Lower Pliocene” stage or Rotalia cf. beccarii zone, since the following evi-
dences were recognized to be common in both the Matsue formation and the upper
Osawa formation above, namely, the regressive facies entombing in abundance Tur-
ritella saishuensis, the disappearance of Epistominella pulchella, the increase of specimens
belonging to the families Rotaliidac and Nonionidae, the common occurrence of Gau-
dryina yabei, Cribroelphidium yabei, Eponides frigidus, Rotalia takanabensis ctc., and lying co-
nformably above the underlying Fujinan stage and ist equivalent above mentioned.
The lowermost part of the Ishizawagawa group is the Toridame formation which has
not been classified into zonule divisions in this arca. In his same paper, he reported
that the Toridame formation yields a characteristic microfauna consisting only of
arcnaceous forms, such as Haplophragmoides, Cyclammina, Goesella, Martinottiella, and Si-
gmoilina ctc. This fact is very similar to that of the Iwami-Otan stage. Accordingly,
if the Sugota formation can be correlated with the Miyoshian stage as alrcady men-
tioned, the Toridame formation overlying conformably the Sugota may correspond
to the Iwami-Otan stage lying above the Miyoshian stage.

These Nishikurosawa, Sugota, Onnagawa, Funakawa, and the other formations
afore-mentioned are considered to be typical Miocene formations of the oil fields along
the Japan Sea coast of North Honshii. Therefore, the recognition of the Miyoshian
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stage in these formations seems to worthy for detailed correlation between the West
and North Honshtt Miocene.

N. IKEBE (1949) and K. NAKASEKO (1952) established five microbiostratigraphical
units from the Neogene Yokawa group distributed in western Toyama and eastern
Ishikawa Prefectures. The five units are arranged by the same authors into the fol-
lowing zones in ascending order: Miogypsina kotoi-, Nodosaria insecta-, Martinottiella cf.
communis-, Epistominella pulchella-, and OST zones. The former two zones combined
were named the “Onomian”, the next two combined were named the “Kamishéan”
and the last one the “Tonamian” by them. Based upon the biochronologic scale pro-
posed by N. IKEBE (1947, 1948, 1954), they concluded the Onomian to be F; in age,
the Kamisho6an to be G, and the Tonamian to be H,. As a result of the comparison
based upon the foraminiferal scquence, it became evident that the most pronounced
faunal change recognized between the Miyoshian and Iwami-Otan stages occurs no
doubt in the faunal change between the Onomian and Kamishéan in the Hokuriku
Province. This faunal change in common between the adjacent stages is the disappe-
arance of the warm water clements of the Indo-Pacific regions. Furthermore, the Mi-
yoshian microfauna is very similar to that of the Onomian, and the Iwami-Otan and
Fujinan microfaunas to that of the Kamishéan. Accordingly, the Miyoshian stage is
considered to correspond to the Onomian, and the Iwami-Otan and ‘Fujinan stages
combined to correspond to the Kamishéan. The unnamed “Lower Pliocene” stage
also seems to correspond to the Tonamian, because the Arayama and Mita sandstone
members (K. NAKASEKO, 1953, 1954) belonging to the Tonamian yield in common
with the Matsue formation of the unnamed “Lower Pliocene” the following mega-
and microfossils; Turritella saishuensis, Anadara amicula, Macoma tokyoensis, Rotalia cf.
becearii, and Quinqueloculina vulgaris.

As mentioned above, it is of interest that the San’in and Setouch1 foraminiferal se-
quences, on the whole, are very similar with the Hokuriku foraminiferal one, notwith-
standing the conspicuous differences in the depositional conditions, volcanic activities,
and crustal movements. Thus, the mutual comparison based upon the microbiostrati-
graphical units and sequence of the foraminiferal assemblages seems to be of prime
importence for detailed correlation of the Neogene marine sedlments distributed in

"isolated geographical regions in West Honsh, Japan.

In the Pacific side of North Honshd, the Miocene Foraminifera from the Date for-
mation in the vicinity of Yanagawa-machi, Fukushima Prefecture, was reported by
Y. FujiTA and S. IT0 (1957). This microfauna seems to be very similar to that of the
Miyoshian stage in its elements.

Y. TAKAYANAGI (1952) recorded some Miocene smaller Foraminifera from the Ha-
tatate formation, near Sendai City, Miyagi Prefecture. This microfauna scems to be
similar to that of the middle Miyoshian stage.

Another correlative of the lower Miyoshian stage seems to be the smaller Foramini-
fera reported by T. UcHio (1950) from the Momiyama sandstonec member which has
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yielded Miog ypsina koto:; this belongs to the upper part of the Kanuma formation, at
Momiyama, Kitaoshi-mura, Shimotsuga-gun, Tochigi Prefecture.

O. FukuTA and R. SHINOKI (1952) reported about 70 species of smaller Foramini-
fera from the middle part of the Nishikatsura group, which yields Operculina complanata
Jjaponica and overlies unconformably the so-called Misaka group with Lepidocyclina (Ne-
phrolepiding) nipponica, at Nishikatsura-mura, Minamitsuru-gun,- and Shimada-mura,
Kitatsuru-gun, Yamanashi Prefecture and at Nakura-mura, Tsukui-gun, Kanagawa
Prefecture. The Foraminifera-bearing middle part of the Nishikatsura group corres-
ponds to a part of the Miyoshian stage. On the other hand, whether the underlying
Lepidoc yclina-bearing Misaka group corresponds to the writer’s Togarian stage lying
unconformably below the Miyoshian stage is not yet evident from the smaller Fora-
minifera. J. MAKIYAMA (1939) reported that the Misaka group is equivalent to the Le-
pidocyclina-bearing Ooigawa group in Shizuoka Prefecture, which is the type of his
Ooigawan stage. It is thought that a microbiostratigraphical study of the Ooigawa
and Misaka groups may reveal the relation between them and the writer’s Togarian
and MAKIYAMA’s Ooigawan stages.

K. AsANO (1953) reported about 28 species of smaller Foraminifera from the Honya
shalc at Yagawase, Taira City, Fukushima Prefecture. Of those 28 species, 16 occur
in the fauna of the Miyoshian stage. This suggests that a part of the foraminiferal
sequence distinguished in the West Honshi Miocene also occurs in the Miocene area
of the Pacific coast of North Japan. He stated that the Honya shale of the Jéban coal-
field may be correlated to the Funakawa formation in the oil-field of Akita, Yamagata,
and Niigata Prefectures.

K. AsANO (1949) reported about 68 species of smaller Foraminifera from the Koko-
zura formation at Kokozura, Nakoso-machi, Ishiki-gun, Fukushima Prefecture. Many
of those 68 spccics also occur in the Miyoshian stage. For correlation purpose with the
Miyoshian stage, it seems to be important that there are many planktonic Globigeri-
nidac and Globorotaliidac included among the predominating forms of the Lagenidae.

Further, K. ASANO (1953) reported on the Foraminifera from the Wakkauenbetsu
formation and the Shintotsugawa group in the Shintotsugawa area, Kabato-gun, Ho-
kkaid6. He stated that the Wakkauenbetsu Foraminifera excluding the new species
are commonly found in the so-called “Black shale” formations such as the Funakawa
and Kubiki formations in Akita, Yamagata, and Niigata Prefecturcs, and that some
sampling horizons, from which arenaccous forms, such as Cyclammina, Trochammina,
and Bathysiphon, are found to be dominant without calcareous ones occur in association
in the Wakkauenbetsu formation. This characteristic of the Wakkauenbetsu micro-
fauna is very similar to that of the microfauna of the Iwami-Otan stage or of a tran-
sitional part ranging from the Miyoshian to the overlying Iwami-Otan. On the other
hand, it became evident that the fauna of the Shintotsugawa group which is represent-
cd by the families Buliminidae, Cassidulinidae, and Globigerinidae has many species
in common with the Fujinan fauna. He concluded that there is a sharp line between
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the Shintotsugawa and Wakkauenbetsu faunas, and the former represents the upper
Miocene foraminiferal fauna of the Japan Sea coast, while the latter can be correlated
with the Funakawa and Kubiki formations afore-mentioned and indicates a middle
‘Miocene age.

‘K. TsusHuiMA, K. MATSUNO, and S. YAMAGUCHI (1954) recorded some smaller
Foraminifera from the uppermost horizon of the upper Kotanbetsu formation distri-
buted in the area south of Tomamae-machi, Rumoi-gun, Hokkaidé. This foramini-
feral assemblage seems to be very similar to that of the middle Fujinan stage.

F. Faunal Comparisons with the Indo-Pacific Regions

As mentioned in the foregoing pages, it is quite evident that the microfauna of the
Miyoshian stage is the most outstanding key for the correlation of the Japanese Mio-
cene. Further, a microfauna similar with the Miyoshian seems to occur in some late
Tertiary areas in the Indo-Pacific regions as following.

L. W.LEROY (1944) recorded and illustrated a large number of smaller Foraminifera
from the Miocene (Telisa, Lower and Middle Palembang) of central Sumatra, Nether-
lands East Indies. The species common to both Sumatra and the Miyoshian microfa-
unas include the following:

Bolivina marginata Cushman Lagena globosa (Montagu)
Bulimina pupoides d’Orbigny : Lagena sulcata (Walker and  Jacob)
Bulimina pyrula d'Orbigny Lagenonodosaria scalaris (Batsch)

- Bulimina striata d'Orbigny Nodosaria tosta Schwager
Cancris auriculus (Fichtel and Moll) Nodosaria vertebralis (Batsch)
Dentalina communis d’Orbigny Pseudoglandulina laevigata (d’Orbigny)
Dentalina tauricornis (Schwager) Plectofrondicularia longistriata LeRoy
Elphidium advenum (Gushman) Pullenia salisburyi R. E. and K. C. Stewart
Eponides praecinctus (Karrer) Robulus orbicularis (d’Orbigny)
Eponides umbonatus (Reuss) Robulus tangens LeRoy
Globigerina bulloides d’Orbigny Uvigerina multicostata LeRoy
Lagena acuticosta Reuss ' Vaginulina bradyi Cushman

In the same paper, L. W. LEROY (1944) reported on the Miocene smaller Forami-
nifera from the Tjijarian Bridge of West Java, Netherlands East Indies. Some of the
recorded Java species which also appear in the Miyoshian microfauna are as follows:

Anomalina glabrata Cushman Lagenonodosaria szalaris (Batsch)
Bulimina inflata Seguenza Nodosaria longiscata d’Orbigny
Bulimina pupoides d’Orbigny Nodosaria tosta Schwager
Cassidulina pacifica Gushman Nodosaria vertebralis (Batsch)
Cibicides aknerianus (d’Orbigny) Planulina wuellerstorfi (Schwager)
Dentalina insecta (Schwager) h Pseudoglandulina laevigata (d’Orbigny)
Ehrenbergina serrata Reuss Pullenia quinqueloba (Reuss)
Eponides bengalensis (Schwager) Feussella spinulosa (Reuss)
Eponides praesinctus (Karrer) Fobulus calcar (Linne’)

Guttulina problema d’Orbigny Saracenaria latifrons (Brady)
Lagena acuticosta Reuss Uvigerina crassicostata Schwager
Lagena globosa (Montagu) Uvigerina proboscidea Schwager
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L. W. LEROY (1941) also distinguished many smaller Foraminifera from the late
‘Tertiary of East Borneo, Netherlands East Indies. He stated that the Borneo fauna
shows a close affinity with the Tjijarian fauna (Miocene) of West Java afore-menti-
oncd, in which Lepidocyclina, Miogypsina, and Cycloclypeus were found associated. Spe-
cies common to both the Borneo and Miyoshian microfaunas include the following:

Amphistegina lessonii d'Orbigny
Anomalina glabrata Cushman
Eolivina robusta Brady

Bulimina inflata Seguenza

Bulimina ovata d’Orbigny

Bulimina pupoides d'Orbigny
Cancris auriculus (Fichtel and Moll)
Cassidulina pacifica Cushman
Cibicides lobatulus (Walker and Jacob)
Dentalina insecta (Schwager)
Dentalina subsoluta (Cushman)
Ehrenbergina serrata Reuss
Ellipsonodosaria lepidula (Schwager)
Eponides praecinctus (Karrer)
Eponides umbonatus (Reuss)

Gyroidina soldanii (d'Orbigny)
Lagena globosa (Montagu)

Lagena striata d’Orbigny
Lagenonodosaria scalaris (Batsch)
Nodosaria longiscata d’Orbigny
Nodosaria tosta Schwager
Nodosaria vertebralis (Batsch) -
Planulina wuellerstorfi (Schwager)
Pseudoglanduling laevigata (d’Orbigny)
Reussella spinulosa (Reuss)
Robulus calcar (Linne')

Robulus javana simplex (Koch)
Robulus lucidus (Cushman)
Robulus orbicularis (d'Orbigny)

In the same report, LEROY (1941) recorded and illustrated some smaller Foramini-
fera from the late Tertiary of Siberoet Island, off the west coast of Sumatra, Nethe-
rlands East Indies. He stated that the Foraminifera show affinity with the Borneo mi-
crofauna above mentioned. Some species in common with the Miyoshian microfauna

are listed below:

Anomalina glabrata Cushman
Eolivina robusta Brady

Bulimina inflata Segucnza

Bulimina ovata d'Orbigny
Cassidulina subglobosa Brady
Cibicides cf. floridanus (Cushman)
Cibicides pseudoungerianus (Cushman)
Dentalina communis d’Orbigny
Dentalina insecta (Schwager)
Ehrenbergina serrata Reuss
Ellipsonodosaria lepidula (Schwager)
Eponides praecinctus (Karrer)

Eponides umbonatus (Reuss)
Fissurina marginata (Montagu)
Gyroidina soldanii d’Orbigny
Lagenonodosaria scalaris (Batsch)
Nodosaria longiscata d’Orbigny
Nodosaria tosta Schwager

Nonion pompilioides (Fichtel and Moll)
Planulina wuellerstorfi (Schwager)
Reussella spinulosa (Reuss)
Robulus iotus (Cushman)
Sigmoilina schlumbergeri Silvestri
Vaginulina bradyi Cushman

Of the determined species of the Miyoshian, the following occur from the Miocene
of Kar Nicobar Islands (C. SCHWAGER, 1866):

Bulimina inflata Seguenza
Dentalina insecta (Schwager)
Dentalina tauricornis (Schwager)
Ellipsonodosaria lepidula (Schwager)
Eponides bengalensis (Schwager)
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Pyrgo murrkina (Schwager) i Uvigerina crassicostata Schwager
Robulus nikobarensis (Schwager) Uvigerina nitidula Schwager
Sphaeroidina austriaca d'Orbigny ‘ Utigerina proboscidea Schwager

Textularia lythostrota (Schwager)

Of the Miyoshian determined species, the following 13 occur from the late Tertiary
of Fiji Islands (J. A. CUSHMAN, 1934). According to a later study of the Indo-Pacific
Tertiary (M. F. GLAESSNER, 1943), the so-called late Tertiary deposits of Fiji were
correlated with the Rembangian (Burdigarian) and Preangerian (Vindobonian).

Bulimina inflata Seguenza Robulus calcar (Linnaeus)
Cassidulina subglobosa Brady Robulus nikobarensis (Schwager)
Dentalina insecta (Schwager) . Textularia Iythostrota (Schwager)
Eponides umbonatus (Reuss) Uvigerina crassicostata Schwager
Planulina wuellerstorfi (Schwager) Uvigerina nitidula Schwager
Pullenia quinqueloba (Reuss) Uvigerina proboscidea Schwager

Pyrgo murrhina (Schwager)

R. Topp (1957) also distinguished a large number of smaller Foraminifera from
the Miocene Tagpochau limestone of Saipan, Mariana Islands. Some of the recorded
Saipan species which also appear in the Miyoshian microfauna are as follows:

Amphistegina lessonii d’Orbigny Fissurina orbignyana Seguenza
Cassidulina pazifica Cushman Globigerina bulloides d’Orbigny
Cassidulina subglobosa Brady Nonion grateloupi (d’Orbigny)
Cibicides lobatulus (Walker and Jacob) Planulina wuellerstorfi (Schwager)
Cibicides pseudoungerianus (Cushman) Pullenia quinqueloba (Reuss)

" Ehrenbergina serrata Reuss .  Pyrgo murrhina (Schwager)
Elphidium advenum (Cushman) Uvigerina proboscidea Schwager

"From the rather large number of genera and species occurring in the Miyoshian
fauna and also in several geographically isolated areas in the Indo-Pacific regions, it
seems evident that there exist some relations between them. Whether the microfaunas
reported by LEROY, SCHWAGER, CUSHMAN, and TobpD (loc. cit.) are nothing but cor-
relatives of the Miyoshian or whether they merely suggest that the geological ages
of the remote localities are close to one another, or whether they indicate contempora-
neity, appear to be problems worthy of further study. However, that a large number
of species identical between the very remote areas is a fact that can not be neglected.
For more detail correlation between Japan and the Indo-Pacific regions, the writer is
fully aware that additional data are necessary. But here he calls the attention to the
facts above stated.

G. Correlation with the California Miocene of North America

Before attempting a correlation with the Miocene of the northwest coast of Ame-
rica, it may be appropriate to give a condensed summary of the salient features con-
cerning the time-rock units established and discussed in the earlier pages of this work.
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The following is repeated in order that a clearer understanding may be gained con-
cerning the correlation of time-rock units of Japan with those of Northwest America.
The time-rock units as established are thought to be basic to a more detailed correla-
tion between remote areas. : _

Togarian. — Its distribution in typical form is restricted to the castern Sctouchi
Province. The stage is characterized by comparatively minor transgression, variable
faunal and lithologic facies and thickness; the clastic sediments contain such shallow-
water Foraminifera as Rotalia, Nonion, and Elphidium, and such important megafossils
as Vicarya, Vicaryella, and Desmostylus.

Miyoshian. — The stage is characterized by its uniform faunal and lithologic facies
dominated by medium-depth faunas and by comparatively uniform thickness over
wide arcas, and by the most extensive transgression experienced in the Japanese Ne-
ogene. The Miyoshian fauna contains such tropical and subtropical elements as, Mi-
ogypsina, Operculina, and Vicarya, and a numcrous smaller Foraminifera represented by
the family Lagenidae. The stage includes the uppermost horizon of Miogypsina and
Vicaryain the Japanese Islands. The pelagic Foraminifera represented by the family
Globigerinidac occur in abundance throughout. The stage is unconformable with the
underlying Togarian stage, although the time gap is probably negligible.

Twami-Otan. — The relation with the underlying Miyoshian is conformable in West
Honsha. The stage is characterized by the uniform faunal and lithologic facies, me-
dium-depth fauna and by the hard black shale distributed along the Japan Sea coast
in West Honsha, and by the extensive transgression succeeding from the Miyoshian
age. The faunal change observable between the Iwami-Otan and the Miyoshian is
the most pronounced one recognized in the West Honshit Miocene, notwithstanding
the conformable relation between both stages. The Lagenidae and warmer-water el-
ements mentioned in the Miyoshian all disappear, and only the arenaceous Foramini-
fera appearing first in the Miyoshian extend weakly into the Iwami-Otan. This sharp
line between the Miyoshian and Iwami-Otan microfaunas is also recognized in other
microfaunal sequences established locally in the Japanese Miocene, particularly in
arcas along the Japan Sea coast outside West Honshi. -It should be added that some
crustal movements occur in the upper Iwami-Otan stage in the San’in Province. These
are shown by two unconformity, between the middle and upper horizons of the Iwami-
Otan and between the Iwami-Otan and the superjacent Fujinan. The interval bet-
ween these unconformities are represented mainly by large quantities of andesitic and
basaltic flows and their pyroclastics. This violent volcanism in the Province, in ge-
neral, is the most outstanding one during the recorded Miocene volcanisms in West
Honshd. )

Fujinan. — A different faunal facies is well distributed through the Fujinan stage,
notwithstanding the uniform mudstone facics in which volcanic materials are lacking.
The thickness is variable. These facts indicate that localization due to orogenic mo-
vement was in progress during the Fujinan age. An indication of such movement had
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occurred already from about the middle Iwami-Otan age. The Fujinan microfauna
on the whole is represented by the families Buliminidae and Lituolidae and its dive-
rsity suggests conditions of high relief during the Fujinan age. The stage is not so
rich in Foraminifera as is the Miyoshian. The uppermost part of the stage is repre-
sented by a regressive phase and therefore underlies conformably the superjacent un-
named “Lower Pliocene” stage.

“Lower Pliocene”’. — The unnamed stage is characterized by the varlable faunal
and lithologic facies and thickness. The stage is evidently a regressive facies which
has very local distribution. It contains some flows of olivine basalt in-its middle part
and coal seams in the upper and lower parts. Brackish or shallow water forms of
meager Foraminifera and molluscs characterize the unnamed stage.

In order that correlation be attempted with the sediments on the northwest coast
of America, it is first necessary to outline the various stages and their respective Fo-
raminifera identified to be in common with those occurring from Japan. For this pur-
pose the writer introduces the stages and fauna introduced by R. M. KLEINPELL, be-
cause his sequence is brought into comparison with that of West Honsh, Japan.

In 1938, R. M. KLEINPELL established excellent microbiostratigraphical units for
the California Miocene of North America. Of the determined species distinguished
by him from the California Miocene, the following occur in the West Honshit Mio-

cene fauna;

Angulogerina occidentalis (Cushman)
Anomalina glabrata Cushman

Bolivina marginata Cushman
Bulimina inflata Seguenza

Bulimina ovata d’Orbigny

Bulimina pyrula d’Orbigny
Cassidulina laevigata carinata Cushman
Cassidulina margareta Karrer
Cassidulina subglobosa Brady

Cibicides floridanus (Cushman)
Cyclammina incisa (Stache)

Dentalina communis d’Orbigny
Dentalina spinosa d’Orbigny

Eponides umbonatus (Reuss)
Frondicularia foliacea Schwager
Globigerina bulloides d’Orbigny
Guttulina irregularis (d'Orbigny)
Gyroidina soldanii d'Orbigny
Haplophragmoides trullissatum (Brady)
Lagena acuticosta Reuss

Lagena globosa (Montagu)

Lagena perlucida (Montagu)

Lagena substriata Williamson

Lagena sulcata (Walker and Jacob)
Martinottiella communis (d’Orbigny)
Nodosaria longiscata d’Orbigny

Nodosaria pyrula d’Orbigny

Nonion umbilicatulum (Montagu)

Nonionella miocenica Cushman
Plectofrondicularia miocenica Cushman
Pullenia bulloides (d’Orbigny)

Pullenia salisburyi R. E. and K. C. Stewart
Robulus calcar (Linne')

Rotalia beccarii (Linne’)

Sigmoilina tenuis (Czjzek)

Hopkinsina hispida (Schwager)

Uvigerina hootsi Rankin

Uvigerina proboscidea Schwager

Uvigerina segundoensis Cushman and Galliher
Uvigerina subperegrina Cushman and Kleinpell

In the same work, R. M. KLEINPELL (1938) established cight stages from the bio-
stratigraphic units based on the sequence of the foraminiferal fauna of the California
Miocene. Of these stages, the Relizian and Luisian combined are middle Miocene in
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age, and the Mohnian and Delmontian combined are upper Miocene according to
that author. He stated that the Relizian fauna is characterized in the lack of ecologic
diversity presented by its constituent faunules, in which the Lagenidae are abundant,
and furthermore stated “still another marked and significant change apparent in the
Relizian fauna is the great number of specimens of the pelagic, open-sea genus Glo-
bigerina, which is almost universally present in considerable quantmes” (KLEINPELL,
1938, p. 120).

As to the Lulsian fauna, he stated “like the fauna of the Relizian, that of the Lui-
sian is gcographically widespread through California and is remarkable in the lack
of ecologic diversity presented by its constituent faunules”, and *“------ often also the open-
sea Globigerina arc dominant or characteristic genera” (KLEINPELL, 1938, p. 124).
As to the climatic and deposmonal condmons of the Luisian, he stated as follows;

The prevalence of Siphogenerina suggests troplcal or warm-tempcrate zone conditions of deposition,
as in the older Stages, but increasing numbers of Bolivina, Cassidulina, and Uvigerina indicate a climatic
change in the dircction of conditions now prevailing in the waters off the California coast..:---

the nature and distribution of the Luisian Foraminifera in the California province suggest conditions
of comparatively low relicf during the Luisian age...« (KLEINPELL, 1938, p. 124),

According to that author, the Luisian is the horizon yielding Desmostylus and its age
is corrclated with the Vindobonian by him.
As to the Mohnian fauna, he reported in the same work as follows;

Although a number of Luisian species of Foraminifera are present in the lower Mohnian, the faunal
change observable between the Luisian and the Mohnian is the most pronounced change recognized
within the limits of the California Miocene. The Lagenidac have dwindled to minor importance, and
the Buliminidae arc dominant, types characteristic of the neritic zone being common; much of the fora-
miniferal rock of the Mohnian Stage, a large proportion of which is a characteristic conchoidally frac-
turing silicified mudrock, or so-called “brown shale”, scems to have been deposited in this bathymetric
Z0NC.reeeee The warm-water clements characteristic of the subjacent Luisian Stage have disappeared
by the middle of the Mohnian and there is a marked increase of cold-water forms such as Cassidulina,
Nonion pizarrensis, and Ubvigerina. As a Stage, the Mohnian is geographically widespread in the Cali-
fornia province but, on the whole, it is not richly foraminiferal, as arc the Relizian and Luisian (KLE-
INPELL, 1938, p. 128).

As to the Delmontian fauna, he explained “the faunules comprising the fauna of
the Delmontian Stage are ecologically more diverse than those of the Mohnian Stage”
and that its general composition is close to that of the subjacent Mohnian (KLEIN-
PELL, 1938, pp. 133, 134).

Judging from the evidence mentioned in earlier lines, the Miocene foraminiferal
sequence of West Japan has many features in common with those recognized by R.
M. KLEINPELL (1938) in the Miocene California sequence of North America, notwith-
standing the conspicuous differences in the geological conditions between the remote
areas. Of the common features, a significant one is that a remarkable faunal change
occurs between the Miyoshian and Iwami-Otan of the West' Japan Miocene and this
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is inferred to correspond to the important faunal change from the Luisian to the Mo-
hnian in the California Miocene. _ )

This mutual significant faunal change is recognized on both sides of the North Pa-
cific by the disappearance of the tropical or subtropical elements, although the number
of species in common between the remote areas are few.

S. Iwasa and Y. KikucHi (1954) reported on the Miocene Sugota microfauna from
the Sugota formation in Akita Prefecture, North Japan and it is known that from an
equivalent formation, K. TAN (1951) discovered a tooth of Desmostylus japonicus TO-
KUNAGA and IWASAKI. At the same time, they mentioned that the Sugota formation
and its correlatives correspond to the Vindobonian of the European standard and to
the Luisian stage established by R. M. KLEINPELL. As mentioned in previous pages
by the writer, this Sugota formation from its faunal characteristics is considered to .
correspond to the Miyoshian stage. Accordingly, the Miyoshian stage may occupy a
horizon higher than that of the Desmostylus recorded from the Togarian stage.

From the available data it is evident that there exists a close similarity in the stable
geologic conditions, general trend in transgression, and the associated occurrence of
pelagic Foraminifera between the two remote areas. From such evidence besides
others it may be said that the Miyoshian stage in the present report broadly corres-
ponds to the Luisian of California.

To extend the inferred interrelationship another step, it appears evident and logical
that the Twami-Otan and Fujinan stages combined are most probable correlatives of
the Mohnian and Delmontian combined. ' : ‘ ‘

R. L. PIERCE (1956) recorded 88 species of Foraminifera from the upper Miocene
Modelo formation in the eastern Santa Monica Mountains, Los Angeles Cdunty, Cal-
ifornia. The Modelo formation which yielded the Foraminifera belongs to KLEIN-
PELL’s Mohnian stage. He stated that this Mohnian Foraminifera are characterized
by the following more abundant and characteristic gencra; Bolivina, Uvigerina, Episto-
minella, Cassidulina, Bulimina, and allied genera. Therefore, from a comparison based
on the abundant genera the Mohnian microfauna seems to be similar to that of the
type Fujinan, Ubigerina subperegrina-Epistominella pulchella zone in the present paper,
although the species common between both microfaunas are only the following abun-
dant five forms; Ubigerina subperegrina Cushman and Kleinpell, Uvigerina hootsi Rankin,
Eponides frigidus (Cushman), Pullenia salisburyi R. E. and K. C. Stewart, and Globigerina
bulloides d’Orbigny.

Finally it is to be added that if a correlation is attempted between the microfaunal
units of West Honshdi, Japan with the stages established by R. M. KLEINPELL and
recognized by American palcontologists and geologists, the opinion is expressed that
the one given above may serve as a working basis. It is well understood by the writer
that additional data from other parts of Japan are of prime importance to strengthen
the expressed view on inter-regional correlation and it is hoped that mutual cooperation
will lead to the establishment of a more fine-cut result. '
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H. Remarks on the Distribution of the West Honshii Miocene Smaller
Foraminifera in the Regions Other than the Pacific

.

Although no attempt is made to correlate the time-rock units established in West
Honsha, Japan with those developed in regions other than the Pacific, it may be of
interest to know where they have been reported from. For this reason the writer me-
rely abridges the lithological units of regions outside of the Pacific arca from where
species identical with the West Honshtt Miocene have been reported. The result is
that there are many Miocene cosmopolitan species now extinct in the present seas
but common in the remote regions mentioned. Whether these have value for inter-
regional correlation is a problem to be settled by the universal cooperation of geolo-
gists and paleontologists.

In the Caribbean Sea coast, C. D. REDMOND (1953) recorded and illustrated 83 spe-
cies and varictics of upper and middle Miocene Foraminifera from the Tubara beds
of northern Colombia. Of the 83 species the following six occur from the West Japan
Miocene;

Amphistegina lessonii d’Orbigny Nonion grateloupi (d'Orbigny)
Dyocibicides biserialis Cushman and Valentine Planulina wuellerstorfi (Schwager)
Lagena laevis (Montagu) Rotalia beccarii (Linnaeus)

As an example from the Atlantic coast side, D. S. MALKIN (1953) treated the Ost-
racoda and the Foraminifera from the middle and upper Miocene beds of New Jersey,
Maryland, and Virginia, North America. Of these Foraminifera, the following seven
specics are in common with those from Japan;

Angulogerina occidentalis (Cushman) Cibicides lobatulus (Walker and Jacob)
Bolivina marginata Cushman Guttulina problema d’Orbigny
Bulimina ovata d’Orbigny Nonionella miocenica Cushman

Cibicides floridanus (Cushman)

H. N. CorYELL and F. C. RIvVERO (1940) recorded and illustrated 111 species of the
Foraminifera from the middle Miocene formation of Haiti at Port-au-Prince, West
Indics. Of the determined specices the following 14 also occur in the middle Miocene
West Japan microfauna;

Amphistegina lessonii d’Orbigny Nodosaria vertebralis (Batsch)

Bulimina inflata Seguenza Nonion pompilioides (Fichtel and Moll)
Cibicides floridanus (Cushman) Planulina wuellerstorfi (Schwager)
Eponides praecinctus (Karrer) Pyrgo murrhina (Schwager)

Eponides umbonatus (Reuss) Robulus calcar (Linnacus)

Lagena striata (d’Orbigny) Sigmoilina schlumbergeri Silvestri
Nodosaria radicula (Linnaeus) Textularia lythostrota (Schwager)

R. SAID and M. A. BASIOUNT (1958) recorded 68 species of Miocene Foraminifera
from the Suez region, Egypt. Of the determined species the following seven occur in
the present Miocene fauna; -
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Bulimina ovata d’Orbigny . Globigerina bulloides d’Orbigny
Caneris auriculus (Fichtel and Moll) Gyroidina soldanii d’Orbigny
Cassidulina subglobosa Brady ) Nonion scaphum (Fichtel and Moll)

Cibicides refulgens (Montfort)

Thus, from the few examples showing the cosmopolitan distribution of the smaller
TForaminifera which have been discriminated from the West Honsht Miocene, it may
be possible that their discovery from regions situated closer geographically may lead
to the construction of a detail inter-relationship of the microfaunas of the now remote
regions mentioned. There always arises the question of whether such cosmopolitan
species have any important bearing on inter-regional correlation because they gene-
rally include species having rather long geological range. However, it is thought
_probable that faunal assemblages or their associations as related with the cosmopolitan
-species may, if worked out with mutual cooperation, will eventually lead to the gain-
ing of a more comprehensible knowledge with regard to the said problem.
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CHAPTER V

DESCRIPTIONS OF NEW SPECIES

Family Lituolidae
Subfamily Lituolinae
~ Genus Cyclammina H. B. Brady, 1876
Cyclammina esoensis okuharai Tai, n. subsp.
Pl. 40, figs. 1 a—c.

Test much compressed, nearly circular, somewhat asymmetrical in peripheral view,
periphery acute, umbilical area depressed, much evolute; 17-15 chambers in last
whorl, increasing gradually in size as added; sutures slightly depressed, sigmoid; wall
coarsely arenaceous; aperture a curved slit at base of apertural face, with supplemen-
tary pores. Diameter up to 2.07 mm, ‘

Holotype: Road side cutting at Kuchitagi, Taki-mura, Hinokawa-gun, Shimane Pre-
fecture. Lat. 35°15'27” N., long. 132°34'59.4” E. Omori Formation, Miocene. IG-
MSH* coll.

Occurrence: Rare, found from the hard black shale facies of the Omori formation.
Table XXXIII (Upper Iwami-Otan Stage).

Remarks: This subspecies is similar to Cyclammina ezoensis Asano, but differs from it
by having a larger number of chambers in last whorl, sigmoid sutures, much compre-
ssed test, much cvolute coil at the umbilical region, and asymmetrical shape in peri-
pheral view. It is also distinguished from Cyclammina japonica Asano by the much com-
pressed test and much evolute coil at the umbilical region. Further, it is distinguished
from Cyclammina incisa (Stache) by a larger number of chambers in last whorl and
much evolute coil at the umbilical region.

Family Verneuilinidae
Genus Gaudryina d’Orbigny, 1839
Gaudryina imamurai Tai, n. sp.

Pl 39, figs. 1 a-b.

Test slightly longer than broad, tapering abruptly at the triscrial acutely angled
initial end, later and larger portions subquadrangular in transverse scction; chambers
of triserial portion small, no inflated, but later biserial ones very large and rather in-
flated; sutures fairly distinct, oblique, somewhat depressed; wall coarsely arenaceous,
but sometimes smooth; aperture narrow, in a shallow sinus at base of inner margin of
last chamber. Length up to 0.98 mm,

Holotype: Road side cutting at Takuno, Nima-machi, Ota City, Shimane Prefecture.

* JGMSH- Abbreviation for Institute of Geology and Mincralogy, Faculty of Science, Hiroshima
University.
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Lat. 35°9’38" N., long. 132°24’37.4" E, Kawai Formation, Miocene. IGMSH coll.

Occurrence: Common, found from the siltstone facies of the Kawai formation. Table
XXI (Middle Miyoshian Stage).

Remarks: This species is very similar to Gaudryina karihaensis Asano, but differs from
it by the subquadrangular shape in transverse section of later and biserial portions of
test. It also is similar to Gaudryina yabei Asano, but differs from it by the same feat-
ures just mentioned and the position of the aperture.

Gaudryina takunoensis Tai, n. sp.

Pl 39, figs. 2a-b.

Test short and stout, early triserial portion very small and sometimes indistinct, later
biserial portion large; chambers much inflated, increasing rather gradually in size as
added; sutures depressed, nearly horizontal or very slightly oblique to axis; wall coar-
sely arenaceous and roughly finished; aperture narrow, in a shallow sinus at base of
inner margin of last chamber. Length up to 0.68 mm.

Holotype: Road side cutting at Takuno, Nima-machi, Ota City, Shimane Prefecture.
Lat. 35°9'38"" N., long. 132°24’37.4" E. Kawai Formation, Miocene. IGMSH coll.

Occurrence: Very abundant, found from the siltstone facies of the Kawai formation.
Table XXI (Middle Miyoshian Stage).

Remarks: This species is similar to Gaudryina ogasaensis Asano, but differs from it in
the nearly horizontal sutures, much inflated chambers, and the subcircular shape in
end view. It also is similar to Gaudryina karihaensis Asano, and G. yabei Asano, but
differs from them in the shape of test and the position of the aperture. "

Family Valvulinidae
Subfamily Eggerellinae
Genus Karreriella Cushman, 1933
Karreriella tanabensis Tai, n. sp.
Pl 39, figs. 3a-b.

Test short and stout, about twice as long as broad, broadest at apertural end, nearly
circular in cross section; earliest coil with 4 or more chambers, but sometimes indis-
tinct, later triserial, then biserial chambers somewhat inflated; sutures somewhat de-
pressed, nearly horizontal; wall rather coarsely arenaceous; aperture terminal, with
distinct neck. Length up to 0.85 mm.

Holotype: Road cliff at Mori, Tanabe City, Wakayama Prefecture. Lat. 33°43/15”
N., long. 135°24’2.4” E. Asso Formation, Miocene. IGMSH coll.

Occurrence: Very abundant, found from the hard black shale facies of the Asso form-
ation. Table XXXI (Younger Miyoshian Stage).

Remarks: This species is similar to Dorothia subrotundata (Schwager), but differs from
it by having aperture with a distinct neck.
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Family Miliolidae
Genus Triloculina d’Orbigny, 1826
Triloculina okamotoi Tai, n. sp.

Pl 39, figs. 4a-b.

Test slightly shorter than broad, periphery sharply angled, triangular in cross sec-
tion; chambers inflated; sutures slightly depressed; aperture circular, with a bifid tooth.
Length up to 1.04 mm.

Holotype: Road side cutting at Takuno, Nima-machi, Ota City, Shimane Prefecture.
Lat. 35°9’38” N., long. 132°24/37.4"” E. Kawai Formation, Miocene. IGMSH coll.

Occurrence: Common, found from the siltstone facies of the Kawai formation. Table

XXI (Middle Miyoshian Stage). ‘ :

Remarks: This species is similar to Triloculina tricarinata d’Orbigny, but differs from
it by havmg inflated chambers.

Family Lagenidae
Subfamily Nodosariinae
Genus Robulus Montfort, 1808
Robulus izumoensis Tai and Okamoto, n. sp.
Pl 39, figs. 5a-b.

Test subcircular in outline, compressed, involute; periphery with a thin, very broad
keel; chambers about 5-6 in last whorl; umbonal area abruptly raised, sutures distinct,
curved; wall smooth; aperture radiate with a ventral slit. Diameter up to 1.5 mm.

Holotype: Cliff along the Hicbara River in Nojiri south of Izumo City, Shimane Prefe-
cture. Lat. 35°17/6"” N., long. 132°48’16.4"” E. Kawai Formation, Miocene. IGMSHcoll.

Occurrence: Common, found from a black shale facies of the Kawai and Kuri form-
ations, south of Izumo City, Shimane Prefecture. Table XV (Middle and Upper Mi-
yoshian Stage). Also from a fine-grained sandstone facies of the Toyoda formation in
Fujiwara, south of Nara City, Nara Prefecture. Table XIII (Upper Miyoshian Stage).

Remarks: This species is similar to Robulus yoslzztakzenszs Chiji and Nakaseko, but di-
ffers from it by lacking a stellate pattern in the central portion of the test and the
rhomboid shape of test in side view. This species was previously recorded as a man-
uscript name, Robulus izumoensis n. sp. (MS) (Table XV) and also recorded by the
writer under the name of Robulus n. sp. a (Table XIII), and here the opportumty
is taken to describe and figure it.

Genus Planularia Defrance, 1824
Planularia yokoii Tai, n. sp.
Pl. 40, figs. 2a-b.

Test much compressed, elongate; in earlier chambers surface ornamented with few
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longitudinal sharply raised costae obliquely continuous across sutures and extending into
later chambers; earliest chambers closely coiled, later ones becoming elongate; sutures
strongly limbate; peripheral margin with a thin keel; wall smooth; aperture radiate,
terminal. Length up to 0.38 mm. '

Holotype: Cutting cliff at Shuku, Hiyoshi-mura, Toki-gun, Gifu Prefecture. Lat.
35°24’15"” N., long. 137°15’31.4" E. Shukunohora Formation, Miocene. IGMSH coll.
* Occurrence: Few, only found from a fine-grained sandstone facies of the Shukuno-
hora formation. Table XVI (Middle Miyoshian Stage).

" Remarks: This species is very similar to Planularis tricarinella (Reuss), but differs from
it by having few distinctly raised longitudinal costac on the surface of the earlier
chambers. This species was previously recorded by the writer under the name of Pl-
anularia n. sp. (Table XVI) and here the opportunity is taken to describe and figure it.

Genus Marginulina d’Orbigny, 1826
Marginulina mukaei Tai and Okamoto, n. sp.
Pl 41, figs. 4a-b.

Test short, stout, nearly twice as long as broad, early chambers closely coiled, the later
few uncoiled chambers increasing greatly in size as added, finally the last chamber
rapidly becomes largest in size and much inflated, occupying about two-thirds of the
test, covering the earlier chambers; sutures somewhat depressed ; wall smooth ; aperture
radiate, Length up to 0.47 mm. o

Holotype: Cliff along the Hiebara River in Nojiri south of Izumo City, Shimane Pre-
fecture. Lat. 35°17/6”” N., long. 132°48’16.4"” E. Kawai Formation, Miocene. IGMSH
coll..

Occurrence: Very abundant, found from a black shale facies of the Kawai and Kuri
formations. Table XV (Middle and Upper Miyoshian Stage).

Remarks: This species is very similar to Marginulina glabra d’Orbigny, but differs from
* it by the characters of the last chamber. This species was previously recorded as a
manuscript name, Marginulina mukaei n. sp. (MS), (Table XV) and here it is described
and figured.

Family Nonionidae
- Genus Nonion Montfort, 1808
Nonion mizunamiense Tai, n. sp.

Pl 40, figs. 4a-b.

Test broadly oval, bilaterally symmetrical; about 5-6 chambers in last whorl, later
ones slightly inflated; periphery broadly rounded; umbilical region rather depressed;
sutures distinct, gently curved; wall somewhat coarsely perforate; aperture a narrow
slit at base of apertural face. Diameter about 0.22 mm., thickness about 0.15 mm.
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Holotype: Road cliff at Togari, Mizunami City, Gifu Prefecture. Lat. 35°22'14" N.,
long. 137°14’31.4" E. Yamanouchi Formation, Miocene. IGMSH coll.

Occurrence: common, found from a tuffaceous sandy siltstone facies of the Yamano-
uchi formation. Table XVI (Togarian Stage).

Remarks: This species seems to be restricted to the Togarian stage. This is similar
to Elphidium sendaiense Takayanagi, but differs from it by having fewer chambers in
last whorl, by lacking septal pores above the suture and by the characters of the aper-
ture. This species was previously recorded by the writer as a manuscript name, El-
phidium n. sp. B, (Table XVI) and here it is described and figured.

Nonion shukuense Tai, n. sp.
Pl 41, figs. la=b.

Test planispiral, bilaterally symmetrical, entirely involute except that umbilical
arcas are deeply excavated; periphery very broadly rounded; 6-7 chambers in last
whorl; sutures flush with surface, generally limbate; wall smooth, coarsely perforate;
small subrounded aperture at central position of base of broad apertural face Diame-
ter about 0.28 mm., thickness about 0.16 mm.

Holotype: Cutting cliff at Shuku, Hiyoshi-mura, Toki-gun, Gifu Prcfccture Lat.
35°24’15"” N., long. 137°15'31.4” E. Oidawara Formation, Miocene. IGMSH coll.

Occurrence: Common, found from a mudstone facies of the Oidawara formation.
Table XVI (Middle Miyoshian Stage)

Remarks: This species is very similar to Nonion pompilioides (Fichtel and Moll), but
differs from it by having a small subrounded aperture on the apertural face. This
species was previously recorded by the writer as a manuscript name, Nonion n. sp.,
(Table XVI) and here it is described and figured.

Genus Pseudononion Asano, 1936

Pseudononion hashimotoi Tai, n. sp.
Pl. 41, figs. 2a-c.

Test asymmetrical, not depressed, dorsal side slightly convex with all whorls visible,
ventral side with only last whorl visible; periphery broadly rounded; chambers dis-
tinct, about 6-7 in last whorl; sutures distinct, slightly depressed, gently curved; wall
fincly perforate; aperture a narrow slit at base of apertural face. Diameter about 0.24
mm,, thickness about 0.13 mm,

Holotype: Road cliff of Togari, Mizunami City, Gifu Prefecture. Lat. 35°22'14” N.,
long. 137°14’31.4" E. Yamanouchi Formation, Miocene. IGMSH coll.

Occurrence: Common, found from a tuffaceous sandy siltstone facies of the Yamano-
uchi formation. Table XVI (Lower Togarian Stage).

Remarks: This species is similar to Pseudononion japonicum Asano, but differs from it
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in the shape of the test and by having a fewer number of chambers in last whorl. This
species was previously recorded by the writer as a manuscript name, Pseudononion n.
sp., (Table XVI) and here it is described and figured.

Family Buliminidae
Subfamily Bulimininae
Genus Bulimina d’Orbigny, 1826
Bulimina imamurai Tai, n. sp.

Pl. 40, fig. 3.

Test slightly longer than broad, strongly tapering, consisting of about 2-3 whorl;
chambers distinct, inflated, somewhat globular, later chambers increasing rapidly in
size; sutures distinct, depressed; wall smooth; aperture loop-shaped, with a lip. Length
up to 0.3 mm.

Holotype: 121.3 meters in depth of the boring well at Nishitakasaki, N adazakl-machl,
Kojima-gun, Okayama Prefecture. Lat. 34°32/45” N., long. 133°53'32.4"" E. Upper
Bihoku Group, Miocene. IGMSH coll.

Occurrence: Very abundant, found from a black shale facies of the Bihoku group, at
a depth of 130-80 meters of the boring well. Table XVII (Middle and Upper Miyo-
shian Stage). This one also is found from a sandstone facies of the upper part of the
Matsue formation, Matsue City, Shimane Prefecture. Table XX VI (Upper Unnamed
“Lower Pliocene” Stage). g

Remarks: This species is similar to Bulimina nojimaensis Asano, but differs from it by
lacking spines at the base of earlier chambers.

Bulimina okayamaensis Tai, n. sp.

Pl 41, figs. 3a-b.

Test elongate, nearly three times as long as broad, consisting of 5-7 whorl; cham-
bers distinct, inflated; sutures distinct, depressed, running at right angles to axis of
test; wall smooth, finely perforate; aperture loop-shaped, with a lip. Length up to
0.58 mm.

Holotype: 121.3 meters in depth of the boring well at Nishitakasaki, Nadazaki-machi,
Kojima-gun, Okayama Prefecture. Lat. 34°32/45” N., long. 133°53'32.4” E. Upper
Bihoku Group, Miocene. IGMSH coll.

Occurrence: Very abundant, found from a black shale facies of the upper Bihoku
group, at a depth of 130-80 meters of the boring well. Table XVII (Middle and Upper
Miyoshian Stage).

Remarks: This species is similar to Bulimina pupoides d’Orbigny, but differs from it
by the shape of the clongate test and each chamber.
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Subfamily Virgulininae
Genus Bolivina d’Orbigny, 1839
Bolivina hongoensis Tai, n. sp.

Pl 40, figs. 5a-b.

Test about twice as long as broad, almost oval in transverse section; chambers dis-
tinct, slightly broader than high, arranged biserially; sutures distinct, straight, running
at right angles to axis of test, making only a very small angle with the horizontal in
the carly portion, marked by strongly raised irregular parts of the shell, projecting
somewhat at the peripheral margins; wall calcareous, coarsely perforate; aperture
oval at the base of the last-formed chamber. Length up to 0.39 mm.

Holotype: Road cliff at Hong6, Tetsuta-machi, south of Niimi City, Okayama Prefec-
turc. Lat. 34°55’36” N., long. 133°28'4.4"” E. Upper Bihoku Group, Miocene. IGM-
SH coll.

Occurrence: Common, found from a black shale facies of the upper Bihoku group.

Table VIII (Middle Miyoshian Stage).
" Remarks: This species is similar to Bolivina crassiseptata Marks, from the upper mi-
ddle Miocene of Austria, but differs from it by having the chambers not inflated. This
specics was previously recorded by the writer as a manuscript name, Siphotextularia n.
sp., (Table VIII) and here it is described and figured.

- Family Rotaliidae
Subfamily Rotaliinae
Genus Eponides Montfort, 1808
Eponides naraensis Tai, n. sp.
Pl 42, figs. la—c.

Test biconvex, somewhat compressed, central portion of dorsal and ventral sides in-
flated with last whorl thinner; about 10 or more short and strongly retroverted cham-
bers in last whorl; sutures distinct, strongly curved, not depressed; periphery extended
into a distinct marginal keel variable in width; aperture a short rounded opening at
ventral border of last chamber. Diameter up to 0.34 mm.

Holotype: CIiff of the Fujiwara Rifle-Range, south of Nara City, Nara Prefecture.
Lat. 34°39'2” N., long. 135°51/9.4”” E. Toyoda Formation, Mioccne. IGMSH coll.

Occurrence: Very rare, only found from a fine-grained sandstone facies of the Toyoda
formation, the upper division of the Fujiwara group. Table XIII (Middle Miyoshian
Stage).: ' ' _

Remarks: This species is similar to Eponides vortex Galloway and Heminway, but
differs from it by having a distinct marginal keel and by lacking an umbo at the cen-
tral portion of ventral side. This species was previously recorded by the writer as a
manuscript name, Eponides n. sp. 8, (Table XIII) and here it is described and figured.
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Family Cassidulinidae
Subfamily Cassidulininae
Genus Cassidulina d’Orbigny, 1826
Cassidulina imamurai Tai, n. sp.

, Pl 42, figs. 2a-b.

Test small, somewhat compressed, periphery broadly rounded, about 4-5 pairs of
chambers making up the last whorl, diameter about twice the thickness in side view;
chambers distinct, somewhat inflated, broad; sutures fairly distinct, somewhat depre-
ssed ; wall smooth, umbonal region a stellate translucent area; aperture short and broad,
in center of base of apertural face. Diameter up to 0.47 mm.

Holotype: 110.8 meters in depth in a boring well at Nishitakasaki, Nadazakl-machl
Kojima-gun, Okayama Prefecture. Lat. 34°32'45” N., long. 133°53/32.4” E. Upper
Bihoku Group, Miocene. IGMSH coll.

Occurrence: Vcry abundant, found from the upper shalc facies of the Bihoku group.
Table XVII (Middle and Upper Miyoshian Stage).

Remarks: This species is similar to Cassidulina margareta Karrer, but differs from it
by the distinct stellate translucent area in the umbonal rcglon

Family Anomalinidae
Subfamily Anomalininae
Genus Anomalina d’Orbigny, 1826
Anomalina kojimaensis Tai, n. sp.
Pl. 42, figs. 3a-b.

Test planispiral, biconvex, periphery bluntly rounded; about 14 chambers in last
whorl, slightly more than one whorl visible dorsally, umbilical region usually raised,
with clear shell material; sutures strongly limbate, slightly curved; wall distinctly
perforate; aperture a narrow slit extending slightly to the ventral side. Diameter up
to 0.49 mm. _ _

Holotype: 100 meters in depth in a boring well, at Nishitakasaki, Nadazaki-machi,
Kojima-gun, Okayama Prefecture. Lat. 34°32'45” N., long. 133°53'32.4"" E. Upper
Bihoku Group, Miocene. IGMSH coll.

Occurrence: Very rare, only found from the upper shale facies of the Bihoku group.
Table XVII (Middle Mlyoshlan Stage). ' '

Remarks: This species is similar to Anomalina nipponica Asano and Inomata, but differs
from it by lacking a marginal keel and by having a larger number of chambers in
last whorl. This is also similar to Anomalina glabrata Cushman, but differs from it by
having distinctly limbate sutures.

Genus Planulina d’Orbigny, 1826
Planulina asanoi Tai, n. sp.
Pl 43, figs. la-c.

Test much compressed, carly stage trochoid, later ones spread out, periphery angled,
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ventral side somewhat convex, dorsal side nearly flat or rather concave; chambers 7-8
in last whorl, narrow, strongly retroverted; sutures distinct, strongly limbate, curved
very thick, raised and retroverted; wall rather finely perforate; aperture at periphery,
with a slight lip. Diameter up to 0.23 mm.

Holotype: Cliff at Shuku, Hiyoshi-mura, Toki-gun, Gifu Prefecture. Lat. 35°24/15"
N., long. 137°15'31.4" E. Oidawara Formation, Miocene. IGMSH coll.

Occurrence: Common, found from a tuffaceous mudstone facies of the Oidawara for-
mation. Table XVI (Middle Miyoshian Stage).

Remarks: This species is similar to Planulina wuellerstorfi (Schwager), but differs from
it by having a larger number of chambers in last whorl and by the sutures being very
thick, raised and retroverted on the test. This species was previously recorded by the
writer as a manuscript name, Planulina n. sp., (Table XVI) and here it is described
and figured.

Subfamily Cibicidinae,
Genus Cibicides Montfort, 1808 - '
Cibicides dogoensis Tai, n. sp.
Pl 43, figs. 2a-c.

Test strongly plano-convex, periphery acute; 4 to 5 chambers in lest whorl, all
chambers visible from flattened side, those of last whorl only visible from convex side;
sutures distinct, very thick limbate, curved and raised; wall rather coarsely perforate;
umbilical region filled with a rounded large mass of shell material; aperture a narrow
curved slit on periphery, with a slight lip. Diameter up to 0.23 mm.

Holotype: Road side cutting at Tsuma, Tsuma-mura, Suki-gun, Dégo, Oki Islands,
Shimane Prefecture. Lat. 36°1115.5” N., long. 133°14/30” E. Doégo Formation, Mi-
ocene. IGMSH coll.

Occurrence: Abundant, found from the sandstone facies of the Dégo formation. Table
IV (Middle Fujinan Stage). :

Remarks: This species is similar to Cibicides refulgens (Montfort), but differs from it
by the character of the umbilical region of the test. This species was previously reco-
rded by the writer as a manuscript name, Cibicides n. sp., (Table IV) and here it is de-
scribed and figured.

Cibicides shukuensis Tai, n. sp.
Pl. 43, figs. 3a-c.

Test plano-convex, dorsal side flattened or even concave, ventral side very convex,
periphery acute, 14-15 chambers in last whorl, earlier chambers somewhat indistinct
on dorsal side; sutures distinct, very thick limbate, curved and somewhat depressed
on ventral side; wall rather coarsely perforate; aperture peripheral, narrow slit at
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base of last chamber. Diameter up to 0.6 mm.

Holotype: Cutting cliff at Shuku, Hiyoshi-mura, Toki-gun, Gifu Prefecture. Lat.
35°2415"” N., long. 137°15’31.4” E. Oidawara Formation, Miocene, IGMSH coll.

Occurrence: Very rare, only found from a tuffaceous mudstone facies of the Oida-
wara formation. Table XVI (Middle Miyoshian Stage).

Remarks: This species is similar to Cibicides refulgens (Montfort), but differs from it
by the characters of the sutures on the dorsal side and by having a larger number of
chambers in last whorl. This is also similar to Cibicides dogoensis Tai, but differs from
it by having a larger number of chambers in last whorl and by lacking rounded shell
material in the umbilical area. This was previously recorded by the writer as a man-
uscript name, Cibicides n. sp., (Table XVI) and here it is described and figured.
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PLATES 39-43



FEXPLANATION OF PLATE 39

FiGs. 1 a-b, Gaudryina imamurai Tai, n. sp., Holotype  X57.ceoeriecninininiiiinns p. 382
FiGs. 2 a-b, Gaudryina takunoensis Tai, n. sp., Holotype — X79.cccceriieiiieniencicienn. p. 383
FiGs. 3 a-b, Kuarreriella tanabensis Tai, n. sp., Holotype = X 74.cceiiiiciiiiiicniennenne. p. 383
Fics. 4 a-b, Triloculina okamotoi Tai, n. sp., Holotype — X46.cceeiieriieriiieionninn p. 384
FiGs. 5 a-b, Robulus izumoensis Tai and Okamoto, n. sp., Holotype X 36....c.ceeeeenes P. 384

All specimens are deposited in the Institute of Geology and Mineralogy, Hiroshima

University.
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EXPLANATION OF PLATE 40

FiGs. 1 a-c, Cyclammina ezoensis okuharai Tai, n. subsp., Holotype = x26.....cceuvnt p. 382
Fics. 2 a-b, Planularia yokoii Tai, n. sp., Holotype X 166.ccccimiiiniiiiiiiiiininnins p. 384
Fic. 3, Bulimina imamurai Tai, n. sp., Holotype X 180.cccuiiiiiiiiinnennees p. 387
FiGs. 4 a-b, Nonion mizunamiense Tai, n. sp., Holotype  xX286....coovrimminiianniins p- 385
FiGs. 5 a-b, Bolivina hongoensis Tai, n. sp., Holotype X 154.-iceeeeriiiiiiiininiiiiis p- 388

All specimens are deposited in the Institute of Geology and Mineralogy, Hiroshima
University.
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EXPLANATION OF PLATE 41

Fics. 1 a-b, Nonion shukuense Tai, n. sp., Holotype — x204....cceeriurrrirnrannns ceeeaes p- 386
FiGs. 2 a-c, Pseudononion hashimotoi Tai, n. sp.,  Holotype = X 225.ccccereirerraaniansl p. 386
FiGs. 3 a-b, Bulimina okayamaensis Tai, n. sp., Holotype X 122.ccceireriennaraiins p. 387
FiGs. 4 a-b, Marginulina mukaei Tai and Okamoto, n.'sp., Holotype  x 112......... p. 385

All specimens are deposited in the Institute of Geology and Minecralogy, Hiroshima
University.
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EXPLANATION OF PLATE 42

FiGs. 1 a-c, Eponides naraensis Tal, n. sp., Holotype
FiGs. 2 a-b, Cassidulina imamurai Tai, n. sp., Holotype
FIGS. 3 a-b, Anomalina kojimaensis Tai, n. sp., Holotype

All specimens are deposited in the Institute of Geology and Mineralogy, Hiroshima

University.
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EXPLANATION OF PLATE 43

Fics. 1 a-c, Planulina asanoi Tai, n. sp., Holotype  x213.. p- 389
Fics. 2 a-c, Cibicides dogoensis Tai, n. sp., Holotype =~ x209.... .. p. 390
Fics. 3 a-c, Cibicides shukuensis Tai, n. sp., Holotype = x78....cc.coiuviii. Cieveeeanan p- 390

All specimens are deposited in the Institute of Geology and Mineralogy, Hiroshima
University. '
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