Memoirs of THE Facurty or Science, Kyoro UNIVersITY, SERIES OF GEOL. & MINERAL.,
Vol. XLVII, No. 1, pp. 1-42, pls. 1-5, 1980

Benthonic Foraminiferal Biostratigraphy of the Standard
Areas of Middle Miocene in the Pacific Side Province,
Central Japan

By

Isao Konpa®*

(Received June 6, 1980)

Contents
ADSETACE . iuieniriininittiiii it erer e et e e et sreneraerseetreareaseesastunaansuasresaesasentrneiirenanee 1
I IntroduCtion .eu.eeiiiiiiiiiiiiiiiiiiiiiiiit e eres et sastnerasesecnessetasensansasvasens 2
II. Acknowledgements 3
III. Stratigraphy of the standard areas of Middle Miocene in

the Pacific side province 4
1. Lithostratiraphy ......c.ceiuiiiiiiiieiiiiiie e eeeentrtiiernennseatens e eaesaenieaees 4
2. Planktonic foraminiferal biostratigraphy .......ccocovveviiiiiiiiiinnininiiinn, 6
IV. Benthonic foraminiferal zonation .......coooveiciiiiiiiiiiiiiii 9
1. Previous WOTKS ....cueieieiveiieisiiiiiieriieeereeereeentsesitanannsneeeormnsasasetssenaneeees 9
2. Samples and methods ......ccooeviiiiiiiiiineciii i 10
3. Definition and characteristics of ZONES .........ccevrurirviiiiiemeiiiriiiiiiiiiiinreenn, 10

4. Comparison of benthonic faunas and sedimentary environments
between the Tomioka and Nishiyatsushiro groups .......cccccveviiviiniiiininnn.. 22

V. Middle Miocene benthonic faunas from the other areas of the Kanto
and its adjacent diStFICS ..i..iivviiniiiiinereraieiiii it ea e anas 24
VI. Summary and cOnClUSION .........cceeeviiiiiiiiiiniiierieeieetarriie e sresaesassaninns 29
VII. DISCUSSIOI  1uivniniiirniieniiiniiiiiiiissiieranesis s sesensansascssssetsesnsnsanssssensnssasene 30
REfETENECES tvvuieniiiiniiiiiiiiiniiiint it br i rereen et s s st s e s it e srasen st srneasenanns 35
Abstract

The benthonic foraminiferal assemblages from the Tomioka and Nishiyatsushiro groups distributed
in the Pacific side province, Central Japan, selected by IkeBE et al. (1977) as the composite stratotype
of the Kaburan Stage (Middle Miocene) and subdivided by Crijr and Konpa (1978) into two sub-
stages, the lower Kaburan and upper Fujian substages, were studied.

The following nine and four assemblage zones were recognized in ascending order, respectively.

Tomioka Group

Melonis-Stilostomella Zone
Cycl ina-Disc ina compressa Zone
Cibicidoides pseudoungerianus-Stilostomella lepidula Zone
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Martinottiella communis-Spirosigmoilinella compressa Zone
Stilostomella- Trifarina kokozuraensis Zone

Cassidulina norcrossi- Trifarina kokozuraensis Zone
Uvigerina proboscidea-Lenticulina lucida Zone

Uvigerina proboscidea-Praeglobobulimina pupoides Zone
Ammonia tochigiensis-Amphycoryna tubulata japonica Zone

Nishiyatsushiro Group

Melonis pompilioides-Ammodiscus incertus Zone

Globobulimina auriculata-Melonis nicobarensis Zone
Globobulimina auriculata- Nodosaria longiscata Zone
Melonis pompilioides-Stilostomella ketienziensis Zone

The relation between these assemblage zones of the first group and those of the latter is shown
in Fig. 9, together with the horizons of the first (or last) occurrences of important planktonic fora-
minifera recognized in these sequences.

Judging from the stratigraphic distribution of planktonic and benthonic foraminifera, it may be
concluded; (1) the sedimentary environment of the Tomioka Group was the upper bathyal zone
under the influence of the warm water current from the late Early Miocene to the early Middle Mi-
ocene, but afterwards, it became shallower and changed to the outer or middle neritic zone, and a
shifting of the current so as to allow the appearance of cold water species of planktonic foraminifera
took place during the middle—late Middle Miocene in the area; (2) on the other hand, the sedi-
mentary environment of the Nishivatsushiro Group has continued to be the upper bathyal zone through-
out that time under the warm water condition.

The fuanal changes of benthonic foraminifera in the Globorotalia peripheroacutalGloborotalia miozea
(s.s.) and Globorotalia bykovae|Globorotalia menardii zones reported by Maiya and Murata (1977) from
the Hiki Hill and the Daigo-Omiya area of the Kanto district seem to resemble those recognized in
the Globorotalia peripheroacutalGlobigerina nepenthes Interval-Zone of the Tomioka Group. It may be
said, therefore, that the marine regression from the north and west of the Kanto district began in the
middle stage of the Middle Miocene.

Besides, referring to the faunal character of benthonic foraminifera from the Middle Miocene
sequences distributed not only in the Kanto district but in the adjacent areas of the Pacific side pro-
vince, Central Japan, some problems which should be reinvetigated in future were discussed.

I. Introduction

During the past several years, the author has been studying the planktonic
foraminiferal biostratigraphy of the Neogene sequences, especially of the Tomioka
Group distributed in Tomioka City and its environs, Gunma Prefecture, and of the
Nishiyatsushiro and Shizukawa groups exposed in Shimobe-cho, Yamanashi Pre-
fecture, the Pacific side province of Central Japan.

Based on the result of this study, the Tomioka and Nishiyatsushiro groups were
selected and redefined by IKEBE ¢ al. (1977) as the composite stratotype of the Kaburan
Stage (Middle Miocene) which was proposed by IkeBE and Asano (1973). It was
found, furthermore, that the age of the Tomioka Group is assigned from the late
Early Miocene to the late Middle Miocene, and that the Nishiyatsushiro and Shizu-
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kawa groups from the middle Middle Miocene to the middle Pliocene. Subsequent-
ly, the Kaburan Stage was subdivided by Crij1 and Konpa (1978) into two substa-
ges, the lower Kaburan (s.s.) and the upper Fujian Substages.

Meanwhile, the remarkable progress in the studies of planktonic microfossils in
the 1960’s made possible to correlate precisely the Neogene marine sequences scattered
over the Pacific coast areas of Central and Southwest Japan. Through the recent
studies of these sequences by many micropaleontologists, it has revealed that the
greater part of the Middle Miocene Seriese is lacking in marine sequences in many
places of the Pacific side province of Southwest Japan (IKEBE et al., 1973, 1977).
Therefore, the Tomioka and Nishiyatsushiro groups have come to be the most im-
portant and valuable sequences to clucidate the Middle Miocene palcoenvironment
of the Japanese Islands.

The purposes of the present paper are: (1) to describe in detail the faunal com-
position of benthonic foraminifera from the Tomioka and Nishiyatsushiro groups as
the representatives of the Middle Miocene faunsa of Japan; (2) to establish the
biostratigraphic zones based on the benthonic foraminiferal assemblages taken from
the groups; (3) to elucidate the paleoenvironmental changes of Middle Miocene
sedimentary basins in the Pacific side province, Central Japan.

The sedimentary environment of the Shizukawa Group is not referred in the
present paper. Because, the age of the group is assigned from the Late Miocene
to the middle Pliocene and benthonic foraminifera scarcely occur, if any, their pre-
servation is unfavorable for the quantitative analysis, and emphasis is given, as men-
tioned above, to the Middle Miocene faunal character and paleoenvironment.

All of specimens used in the present study are deposited in the Osaka Museum
of Natural History.
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IIl. Stratigraphy of the standard areas of Middle
Miocene in the Pacific side province

Brief summaries of the lithostratigraphic and biostratigraphic units of the Tomi-
oka and Nishiyatsushiro groups are given here in ascending order. Detailed des-
cription of these units are available from the previous papers (Akrvama, 1957; CHijr
and Konpa, 1978; MatsuMaru, 1967, 1977).

1. Lithostratigraphy

Tomioka Group (Figs. 2, and 3)

a. Ushibuse Formation; massive sandstone, adjacent to Pre-Tertiary rocks
(green schist) with fault, thickness 70 m--.

b. Obata Formation; alternation of mudstone and sandstone comprising
Miogypsina in the lower part, thickness 800 m.

c. Idozawa Formation; mudstone in the lower part with acidic tuff at the
base, and alternation of mudstone and sandstone comprising Nephrolepidina and
Miogypsina in the upper part, thickness 450 m.

d. Haratajino Formation; mainly mudstone, and alternation of sandstone
and mudstone with acidic tuff at the base, thickness 300 m.

e. Niwaya Formation; mudstone in the lower part with acidic tuff at the
base, and sandstone intercalating mudstone in the upper part, thickness 250 m.

f. Yoshii Formation; mainly mudstone with acidic tuff at the base and the
Fujiki Tuff dated at 11.64+0.4 m. y. (K-Ar, on biotite, Shibata et al., 1979) at the

140°
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Fig. 1. Index map showing locations of the areas studied.
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middle level, alternation of sandstone and mudstone in the uppermost part, thickness
550 m.

g. Itahana Formation; alternation of conglomerate and sandstone intercalat-
ing acidic tuff, mudstone, and lignite, thickness 800 m.

Nishiyatsushiro Group (Figs. 4-6)
a. Ichinose Formation

Furusekigawa Basic Volcanic Rock; basic volcanic rock and pyroclastic
rock intercalating tuffaceous sandstone and mudstone, distributed in the east of the
area studied, thickness 200 m-.

Kanzaka Mudstone; mudstone intercalating tuffaceous sandstone and and-
estic tuff, thickness 200 m.

Wadaira Tuff; andestic tuff intercalating mudstone, thickness 500 m.

b. Diagoyama Formation

Kamiisshiki Volcanic Breccia; basic volcanic breccia and tuff breccia in-
tercalating tuffaceous and brecciated mudstone-bearing sandstone and mudstone,
developed as a wedge and thinning out southwards, thickness 100 m.

Deguchi Alternation of Tuffaceous Sandstone and Mudstone; mud-
stone in the lower part, and alternation of tuffaceous sandstone and mudstone in the
middle and upper parts, thickness 200 m.

Byobuiwa Tuff; andesitic tuff intercalating alternation of tuffaceous sand-
stone, mudstone, and tuff, thickness 800 m.

2. Planktonic foraminiferal biostratigraphy

Tomioka Group (Fig. 3)
Globigerinoides scianus|Praeorbulina glomerosa Lineage-zone
Pracorbulina glomerosa/Orbulina suturalis Lineage-Zone
Globorotalia peripherorondaOrtulina suturalis Concurrent-Zone
Globorotalia peripheroacuta|Globigerina nepenthes Interval-Zone
Globiergina nepenthes|Globorotalia acostaensis Interval-Zone

Nishiyatsushiro Group (Fig. 6)

Globorotalia peripheroacuta]Globigerina nepenthes Interval-Zone
Globigerina nepenthes|Globorotalia acostaensis Interval-Zone
Globorotalia acostaensis|Pulleniatina primalis Lineage-Zone
Pulleniatina primalis|Sphaeroidinella dehiscens Interval-Zone

Of these biostratigraphic zones, Globorotalia peripheroacuta/Globigerina nepenthes
Interval-Zone common to both of the groups was subdivided by use of the Sphaeroidi-
nellopsis subdehiscens Base-datum into two subzones, that is, the lower, Globorotalia
pertpheroacutalSphaeroidinellopsis subdehiscens Interval-Subzone, and the upper, Sphaeroi-
dinellopsis subdehiscens|Globigerina nepenthes Interval-Subzone, and the Globigerina nepen-
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Columnar sections of the Tomioka Group showing stratigraphic positions of samples and stratigraphic distribution of some selected planktonic and

benthonic foraminifera.
(1) Hoshi River (Dainichi-Shinden) section

(4) Kabura and Kuda rivers (Haratajino-Kudakawa) section
A: Globigerinoides sicanus{Praeorbulina glomerosa Lineage-Zone

C: Globorotalia peripherorondafOrbulina suturalis Concurrent-Zone
D-1: Globorotalia peripheroacuialSphaeroidinellopsis subdehiscens Interval-Subzone

(2) Hoshi River (Miyamoto-Kurokawa) section
(5) Ogawa River (Shimoi-Machiya) section

E: Globigerina nepenthes|Globorotalia acostaensis Interval-Zone

=m0 0

: Melonis-Stilostomella Zone
: Cibicidoides psendoungerianus-Siilostomella lepidula Zone
. Stilostomella- Trifarina kokozuraensis Zone

: Unigerina proboscidea-Lenticulina lucida Zone

o oo T

1 Ammonia tochigiensis- Amphicoryna tubulata japonica Zone

(6) Futago-Tako Bridge section

B: Pracorbulina glomerosa{Orbulina suturalis Lineage-Zone
D: Globorotalia peripheroacuta|Globigerina nepenthes Interval-Zone
D-2: Sphaeroidinellopsis subdehiscens|Globigerina nepenthes Interval-Subzone

: Gyclammina-Discammina compressa Zone

1 Martinottiella communis-Spirosigmoilinella compressa Zone
: Cassidulina norcrossi- Trifarina kokozuraensis Zone

: Uvigerina proboscidea-Praeglobobuliming pupoides Zone

(3) Fujiki and Hoshi rivers (Fujikiotori-Beppo) section
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thes|/Globorotalia acostaensis Interval-Zone of the latter group into two subzone, the
lower, Globigerina nepenthes|Globorotalia siakensis Interval-Subzone, and the upper,
Globorotalia siakensis|Globorotalia acostaensis Interval-Subzone, using the Globorotalia-
stakensis Top-datum. Then, it was mentioned that the Sphaeroidinellopsis subdehiscens
Base-datum is recognized at the lower part of the Yoshii Formation (Sample 19) of
the Tomioka Group and at the base of about 100 meters thick mudstone (Sample
77032706) which occupies the middle part of the Wadaira Tuff of the Nishiyatsushiro
Group (CHijt and Konpa, 1978). However, as a reuslt of the further eaxamination
of a few additional samples from both of the groups, the Sphacroidinellopsis subdekiscens
Base-datum was found lying within the middle part of the Niwaya Formation (Sample
188) of the former group and within the middle part of the Kanzaka Mudstone
(Sample 77043008-2) of the latter, respectively. In the present paper, therefore,
the stratigraphic position of the base-datum should be corrected as shown in Figs.
3,6,and 7. The relation among the lithostratigraphic units, planktonic foraminiferal
zones, and benthonic ones described later are shown in the same figures.

IV. Benthonic Foraminiferal Zonation

1. Previous works

Hitherto, comparatively little has been known of the benthonic foraminifera
except such larger foraminifera as Nephrolepidina and Miogypsina (MAaTsumary, 1967,
1973) from the Tomioka Group.

Recently, based on the extinction level of Spirosigmoilinella compressa MaTsuNaca
which is very close to the horizon of the last occurrence of Globorotalia fohsi fohsi (sensu
Boryr, 1957), KuriHARA (1977) correlated the Yoshii Formation of the Tomioka
Group with the lower part of the Funakawa Formation distributed in the Oga Pen-
insula of the Japan Sea side province, northern Japan. From the Tomicka Group,
Marva and Murata (1977) recognized four planktonic and three benthonic forami-
niferal zones, but they enumerated only a few representative benthonic taxa from
each of the latter zones. They stated, then, that the stratigraphic occurrence of
Spirosigmotlinella compressa MATSUNAGA is limited to the Early Miocene in the Kanto
district as well as the Tomioka region. These works are brought together for ready
comparison in Fig. 7.

As to the Nishiyatsushiro Group, Nisuimrva (1969, 1970, 1971) listed a number
of benthonic and planktonic foraminifera collected from various localities scattered
along the Fuji River and its tributaries.

In all studies mentioned above, however, the minute and precise faunal com-
position and/or its stratigraphic distribution were not officially announced.
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2. Samples and methods

The rock samples used in the present study were collected mostly by the author
from each formation of the Tomioka and Nishiyatsushiro groups along six geological
sections, respectively. Some of them from the latter sequence were supplied by Dr.
Manzo CHuijr, Director of the Osaka Museum of Natural History. The localities
and stratigraphic positions of samples from the Tomioka Group are shown in Figs.
2 and 3, and those from the latter in Figs. 5 and 6, together with the columnar sec-
tions along the sampling routes. The stratigraphic positions of samples were cor-
related by use of key beds, which consist of pyroclastic sediments.

Each sample was reduced to 100 or 200 grams in dry weight, and the Naphtha-
method described by Marva and Inoue (1973) was applied to all samples. After
washing with a 200-mesh sieve (opening 74 u), it was divided into a proper quantity
so as to take 200-500 individuals of planktonic and benthonic foraminifera, respec-
tively, and from one split part, all of both foraminifera tests were separated for the
study.

3. Definition and characteristics of zones

Of about 400 benthonic taxa obtained from the Tomioka Group, selected were
100 taxa for the purpose of zoning, and of nearly 250 benthonic ones from the Nishi-
yatsushiro Group, selected were 70 taxa for the same purpose. Their stratigraphic
occurrences and relative frequencies are shown in Fig. 10 and 11.

Based on vertical changes of the faunal composition, recognized were nine and
four assemblage zones, which were defined by the International Subcommission on
Stratigraphic Classification (1976) of IUGS Commission on Stratigraphy, in the
Tomioka and Nishiyatsushiro groups, respectively. Each of the zones is described,
in ascending order, in the following. The correlation between the zones of the
Tomioka Group and those of the Nishiyatsushiro Group is shown in Fig. 9, together
with the planktonic foraminiferal biozones.

(1) Tomioka Group

a. Melonis-Stilostomella Zone—Samples 49, 47, 46 (Ogawa River section)—

This zone is characterized by the abundant occurrences of Melonis pompilioides
(FicaTeL and MoLL), M. nicobarensis (CusHMAN), and Stilostomella spp., the last of
which includes §. lepidula (SCHWAGER), S. ketienziensis (IsHizaxi), and Siphonodosaria
oinomikadoi (Ismizaki). Praeglobobulimina pupoides (D’ORBIGNY) is also common in the
lowermost part of the zone. Besides, Dentalina communis D’ORBIGNY, Globocassidulina
subglobosa (BRADY), Bulimina striata BRADY, and Cibicidoides pseudoungerianus (CUSHMAN)
show relatively high frequencies in the middle part of this zone, though the last one
of them reaches its acme in the overlying zone. The ratio of planktonic forms has
high value. The fauna of this zone is of the upper bathyal zone in the temperate
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regoin, and this zone corresponds nearly to the Globigerinoides sicanus|/Pracorbulina
glomerosa Lineage-Zone of planktonic foraminiferal biozone, and it is recognized in
the lower part of the Obata Formation exposed along the Ogawa River.

b. Cyclammina-Discammina compressa Zone—Sample 45 (Kuda River

section)—

This zone is defined by the characteristic occurrences of Gyclammina cancellata obesa
CusuMAN and Lainine, C. orbicularis BrRapy, and Discammina compressa (GOEs), and
the former two taxa are almost confined to this zone. The ratio of planktonic forms
is very low compared with the subjacent zone, and the benthonic foraminiferal
number is also few. The fauna of this zone may be inferred to have lived under
the deep and cold water condition. The zone corresponds to the lower part of the
Pracorbulina glomerosa)Orbulina suturalis Lineage-Zone, and it is recognized in the upper
part of the Obata Formation exposed along the Kuda River. However, additional
samples need to be examined, because the zone is defined by use of only one sample.

c. Cibicidoides pseudoungerianus-Stilostomella lepidula Zone—Samples

41, 40, 39-(1), 34, 57—(1), 34, 56 (Kuda Rivre section); 205, 204-(1), (2)
(Kabura River section); 195, 164, 3, 4, 159, 162, 155, 158, 153 (Hoshi River
section)—

This zone is characterized by the relatively high frequencies of Cibicidoides pseu-
doungerianus (CusuMmaN) and Stilostomella lepidula (SCHWAGER) accompanied with
Martinottiella communis (D’ORBIGNY), Spirosigmotlinella compressa MATSUNAGA, Melonis
pompilioides (FrocuTEL and Morr), M. nicobarensis (CusHMAN), Pullenia bulloides (D’-
ORBIGNY), Sphaeroidina bulloides (D’ORBIGNY), Siphonodosaria oinomikadoi (IsHIZAKI),
Trifarina kokozuraensis (Asano), Uvigerina akitaneis AsaNo, and U. proboscidea SCHWAGER.
It is noticeable, moreover, that such taxa as enumerated bellow are almost confined
to the zone, though the taxa marked with an asterisk are excluded from Fig. 10 on
account of their scanty occurrences;

Amphistegina radiata FicaterL and MoLL
Bolivina plicatella (CusHMAN)

B. robusta (BRADY)

Brizalina albatrossi (CUSHMAN)

B. cochei (CusHMAN and ApAMms)

B. alta (SEGUENZA)*

B. marginata masudai (AsANO)

B. zanzibarica (CUSHMAN)

Dentalina communis D’ ORBIGNY

D. inflexa REUSS

Frondicularia foliacea SCHWAGER

Gesella schencki Asano

Gyrotdina profunda Aoxi*

Gyroidinoides altiformis (R. E. and K. C. STEWART)
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Gyroidinoides altiformis (R. E. and K. C. STEWART)
G. soldanii (D’OrBIGNY)*

Hopkinsina imogawaensis MATSUNAGA*®
H. morimachiensis MATSUNAGA*
Nodosaria tosia SCHWAGER

Planulina nipponica AsaNo
Plectofrondicularia japonica Asano

P. miocenica CUSHMAN*
Stiiroplectammina spp.*

Sphaeroidina faponica AsaNo

Textularia semialata CusHMAN
Trifarina bradyi (CUSHMAN)

T. carinata (CusHMAN)*

Uvigerina akitaensis AsANO

Besides, Bulimina nipponica Asano occurs from the above-mentioned Melonis-
Stilostomella Zone and this zone, but the species does not extend to the overlying
zones. Sample 39-(1) vields a few individuals of shallow water species, e.g., Am-
phistegina radiata FicuteL and Mo, which was transported from some places to
become mixed, in association with deep water species of this zone. The ratio of
planktonic foraminifera continues to be low from the subjacent zone except the
middle part of the zone, in which it becomes relatively high. The fauna of this
zone is thought to have lived in the upper bathyal zone, and the influence of cold
water is indicated by such species as Trifarina kokozuraensis Asano and Uvigerina
akitaensis AsaNo. This zone is recognized in the Idozawa Formation exposed along
the Kuda River, and in the lower part of the Haratajino Formation exposed along
the Kabura and Hoshi rivers, and it corresponds to the middle and upper parts of
the Pracorbulina glomerosa/Orbulina suturalis Lineage-Zone and the lower part of the
Globorotalia peripherorondalOrbulina suturalis Concurrent-Zone. The Orbulina suturalis
Base-datum, which is regarded as the dividing datum plane between the Early and
Middle Miocene, was found from the upper part of this zone.

d. Matinottiella communis-Spirosigmoilinella compressa Zone—Sam-

ples 152, 170, 150 (Hoshi River section)—

This zone is outstanding in that Martinottiella communis (D’ORBIGNY) and Spiro-
sigmoilinella compressa MATSUNAGA occur with considerable frequencies associated with
Hauplophragmoides renzi AsaNo, Discammina compressa (GOES), and some arenaceous
forms. Calcareous forms scarcely occur in the zone throughout. The zone is
recognized in the middle part of the Haratajino Formation exposed along the Hoshi
River, and corresponds with the middle part of the Globorotalia peripheroronda/Orbulina
suturalis Concurrent-Zone. However, it is noteworthy that a change of the faunal
composition from the subjacent Cibicidoides pseudoungerianus-Stilostomella lepidula Zone
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happens abruptly in the consecutive muddy facies of the formation, and that the
foraminiferal number is relatively small and the planktonic forms are never found
in the zone.

As for the stratigraphic distribution of Spiresigmoilinella compressa NATSUNAGA
in the Kanto district, there have been differences of opinion among scholars. Based
on the occurrence of the taxon from the Miocene Series scattered over North and
Central Japan, Marva and Murata (1977) divided the Miocene sedimentary basins
into two major types, that is, the “Japan Sea side” and “Pacific side” types, and
they stated that the taxon has the long range from the Early Miocene to the Late
Miocene in the former type, but it is limited to the Early Miocene in the latter,
and that the occurrence of the taxon has the close relationship with some sedimen-
tological events and tectonic developments. On the other hand, Kurinara (1977)
stated “‘Spirosigmoilinella compressa occurs in the basal part of the Lower Miocene in
the Takasaki region (=the Tomioka region of the present paper). It disappears in
the middle part of the Yoshii Formation, whihc is very close to the last occurrence
of Globorotalia fohsi fohsi (sensu Borri, 1957) in the same section. In the Boso Pen-
insula, this benthonic species occurs associated with Globorotalia fohsi peripheroronda
and G. fohsi fohsi in the Amatsu Formation. Spirosigmoilinella compressa disappears
together with the Globorotalia fohsi group in the section studied in the Boso Peninsula®.
According to a result of the present study as well, the range of the taxon extends
upwards, at least, to the middle part of the Globorotalia peripheroronda/Orbulina suturalis
Concurrent-Zone across the Orbulina suturalis Base-datum (Fig. 7). Therefore, it may
be said that Spirosigmoilinella compressa Marsunaca had still subsisted up to the early
or middle Middle Miocene in the Pacific side province of Central Japan.

Another thing to be noticed is that the zone characterized by the poor occur-
rence of arenaceous forms only was discovered from the Middle Miocene Series of
the Pacific side province. In the adjacent Niigata area of the Japan Sea side, there
can be recognized the biostratigraphic units represented by the arenaceous forms,
that is, the Haplophragmoides renzi-Plectina nipponica and Haplophragmoides renzi- Martinot-
tiella communis zonules (MaTsuNaca, 1963). These two oznules were reported from
the middle part of the Nanatani Formation included within the Globorotalia periphero-
ronda|Globorotalia quinifalcata Zone of Sarro and Marva (1973), which corresponds to
the Globorotalia peripheroronda|Orbulina suturalis Concurrent-Zone of the present paper.,
Furthermore, the zonule characterized by the poor occurrence of arenaceous forms
such as Martinottiella communis (D’ORBIGNY) and a few other taxa is pursued through-
out the lower part of the Middle Miocene deposits distributed in the Japan Sea
coast region of Southwest Japan (Cauii, 1961; Nakaseko, 1952; Tar, 1959), and
the boundary between the zonule and the subjacent one represented by the rich
calcareous warm water taxa has been called the Foraminiferal Sharp Line by Tat
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(1963). Meanwhile, judging from the results of sedimentoligical and paleontological
studies of the Miocene sequences in the oil fields of Japan Sea coast region, such
arenaceous foraminiferal assemblages as mentioned above are regarded as suggesting
the presence of stagnant and anaerobic condition (Iwamoro and SHiNBO, 1964).
Thus, it may be considered that the stagnant and anaerobic sedimentary environment
had extended from the Japan Sea side province of Southwest Japan to the Tomioka
area, the northwest margin of the Kanto district of the Pacific side province, Central
Japan.

e. Stilostomella-Trifarina kokozuraensis Zome—Samples 8, 9 (Hoshi

River section)—

This zone is characterized by the predominant occurrences of Stilostomella spp.
and Trifarina kokozuraensis (AsaNo), the former of which includes Stlostomella lepidula
(ScHwAGER) and S. ketienziensis (IsH1zaxt), mainly associated with Cibicidoides lobatulus
(WaLKerR and Jacos), C. pseudoungerianus (CUSHMAN), Bulimina striata D’ORBIGNY,
Fursenkoina mexicana (CusaMAN), Melonis quadalpae PARKER, and Uvigerina proboscidea
ScuwaGger. Contrary to the subjacent zone, scarcely found are arenaceous forms.
It is a remarkable fact, however, that a number of taxa which occur in higher or
lower frequencies throughout the underlying four zones come to be never found from
this zone and the overlying ones. They are as follows;

Ammodiscus incertus (D’ORBIGNY)
Discammina compresxsa (GOES)

Goesella schencki AsaNo

Spirosigmotlinella compressa MATSUNAGA
Textularia semialata CUSHMAN
Amphistegina radiata FicateL and MoLL
Bolivina plicatella (CusHMAN)

Brizalina albatorossi (CUsHMAN)

B. cochei (CusuMAN and ApAMs)

B. marginata masudai (Asano)

Bulimina nipponica ASANO

Dentalina communis D’ORBIGNY

D. inflexa REuss

Gyroidinoides altiformis R. E. and K. C. STEWART
Hopkinsina imogawaensts MATSUNAGA

H. morimachiensis MATSUNAGA

Planulina nipponica AsANO
Plectofrondicularia japonica AsaNo
Sphaeroidina japonica AsaNo

Trifarina bradyi (CUSHMAN)
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Uvigerina akitaensis AsaNo
U. nitidula SCHWAGER

Besides, Brizalina pisciformis (GALLwAY and MORREY), Bulimina rosirata BRADY,
Gyroidina orbicularis (D’ORBIGNY), Nodosaria longiscata D° ORBIGNY, N. tosta SCHWAGER,
and Oolina hexagona (WILLIAMSON) are hardly found likewise.

The number of foraminifera of this zone is relatively large, and the ratio of
planktonic forms is also high. The fauna is inferred to be of the upper bathyal
zone in the temperate region. This zone is recognized in the upper part of the
Haratajino Formation exposed along the Hoshi River, and it corresponds to the
lower part of the Globorotalia peripheroacuta|Sphaeroidinellopsis subdehiscens Interval-Sub-
zone.

f. Cassidulina norcrosis- Trifarina kokozuraensis Zone—Samples 10,

186, 188, 11, 192 (Hoshi River section)—

This zone is defined by the abundant occurrences of Cassidulina norcrossi CUSHMAN
and Trifarina kokozuraensis (Asano) associated with Cibicidoides aknerianus (D’ORBIGNY),
C. pseudoungerianus (CUSHMAN), Melonis nicobarensis (CusHMAN), M. quadalpae PARKER,
Uvigerina proboscidea SCHWAGER, and Martinottiella communis (D’ORBIGNY).  The
number of benthonic foraminifera is largest attaining the maximum of 164 per gram,
and the ratio of planktonic forms is also high with the average of 55 per cent. The
zone is recognized from the uppermost part of the Haratajino Formation through
the Niwaya Formation exposed along the Hoshi River, and it corresponds to the
middle and upper parts of the Globorotalia peripheroacutalSphaeroidinellopsis subdehiscens
Interval-Subzone and the lower part of the Sphaeroidinellopsis subdehiscens|Globigerina
nepenthes Interval-Subzone. The Sphaeroidinellopsis subdehiscens Base-datum are found
in the nearly middle level of the zone.

Cassidulina norcrossi CusHMAN (Figs. 8a-c) has been reported by the name of

Fig. 8. Cassidulina norcrossi CusamMan x 107 OMNH Reg No. F16075F;
from Sample 11 (Niwaya Formation, Tomioka Group).
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Cassidulina kasiwazakiensis Fuseima and MaruHasHI from the Neogene deposits dis-
tributed in the Japan Sea side provinces, but scarcely any known from the Pacific
side ones. Based on the Recent distribution of the species in the sea around north-
ern Japan (CHij1 and Konpa, 1970; Ikeva, 1970; Trorrskaja, 1970), it is considered
that the fauna of this zone has been flourished under the cold water mass ranging
from the outer margin of the continental shelf to the upper bathyal zone, and that
the Tomioka Basin was closely connected with Japan Sea in the Middle Miocene
and was invaded by cold water mass from the Japan Sea side of northern Japan.

g. Uvigerina proboscidea- Lenticulina lucida Zone—Samples 18-(1), 203,

202, 19 (Fujiki River section)—

This zone is characterized by the continuous and relatively abundant occur-
rences of Uvigerina proboscidea ScHwAGER and Lenticulina lucida (CusHMAN) associated
with Alveophragmium scitulum (BRaDY), Gaudryina ishikiensis AsaNo, Ammonia japonica
(Hapa), Amphicoryna tubulata japonica (UcHio), Anomalina glabrata Cusaman, Cibici-
doides lobatulus (WALKER and Jacos), Florilus grateloupi (D’ORBIGNY), Melonis nicoba-
rensis (CusaMan), and M. pompilioides (FicHTEL and MorL). Each of the subordinate
taxa, however, fluctuates considerably in its relative quantity and becomes occasional-
ly dominant or recessive, and besides, a number of taxa which occur continuously
or intermittently through most of the underlying zones disappear in this zone. They
are as follows;

Brizalina marginata (CUSHMAN)

B. pisciformis (GaLLowaY and MORREY)
Bulimina rostrata BRADY

Cassidulina norcrossi CUSHMAN

Cibicidoides aknerianus (D’ORBIGNY)
Elphidium jenseni (CUSHMAN)

Fissurina marginata (MoONTAGU)

Florilus japonicus (AsaNo)

Gyroidina orbicularis (D’ORBIGNY)
Hanzawaia nipponica ASANO

Nodosaria longiscata D’ ORBIGNY

N. tosta SCHWAGER

Oolina hexagona (WILLIAMSON)
Stilostomella hayasakai (IsHIZAKI)

S. lepidula (SCHWAGER)

Trifarina hughesi (GALLOwWAY and WISSNER)

Instead of the taxa mentioned above, Cyclammina japonica kaiensis Fukuta and
SuiNoki, Tritaxia orientale (CUSHMAN), Ammonia japonica (HapA), and A. tochigiensis
(UcHio) first appear in the zone. The benthonic foraminiferal number and the
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ratio of planktonic forms decrease abruptly to 4 per gram and 12 per cent on an
average, respectively.

The zone is recognized in the lower half of the Yoshii Formation exposed along
the Fujiki River and it corresponds to the upper half of the Sphaeroidinellopsis subdehis-
cens |Globigerina nepenthes Interval-Subzone. The faunal composition and its differ-
ence from those of the subjacent zone may point to the outer neritic condition of
the unstable basin in the regressive stage of the late Middle Miocene.

h. Uvigerina proboscidea-Praeglobobulimina pupoides Zone—Samples

81, 82, 208, 83, 86 (Futago-Tako Bridge section)—

This zone is characterized by the predominance of Uvigerina proboscidea ScawAGER
and Praeglobobulimina pupoides (D’ORBIGNY) associated with Gaudryina ishikiensis Asano,
Martinottiella communis (D’ORBIGNY), Amphicoryna tubulata japonica (Uchio), Cassidulina
norcrossi CUSHMAN, Cibicidoides lobatulus (WALKER and JacoB), Melonis nicobarensis
(CusamMaN), M. pompiloides (FicuTer and MoLvr), Nonionella labradorica (Dawson),
Trifarina kokozuraensis (Asawo), and Uvigerina subperegrina CusumaN and KLEINPELL.
However, cach of the subordinate taxa considerably fluctuates in frequency as that
of the subjacent zone, and both of benthonic foraminiferal number and ratio of
planktonic forms are very variable. It may be inferred, therefore, that the fauna
has lived in the very unstable and changeable environment under the influence of
cold water ranging from the outer margin of the neritic zone to the upper bathyal
one in the regressive stage. This zone is recognized in the upper half of the Yoshii
Formation exposed along the Futago-Tako Bridge section, and it corresponds to the
uppermost part of the Sphaeroidinellopsis subdehiscens|Globigerina nepenthes Interval-Sub-
zone and the lower part of the succeeding Globigerina nepenthes/Globorotalia acostaensis
Interval-zone. The zone, therefore, comprises the Globigerina nepenthes Base-datum
at the lowermost part, though the Globorotalia acostaensis Base-datum has never been
found from the Tomioka area.

i. Ammonia tochigiensis-Amphicoryna tubulata japonica Zone—Sample

90 (Futago-Tako Bridge section)—

This zone is outstanding in that the fauna consists of a few taxa such as Am-
monta tochigiensis (Ucmio), Amphicoryna tubulaia japonica (UcHio), Gaudryina sp.l,
Melonis nicobarensis (CusHMAN), M. pompilioides (Ficuter and Moiy), Uvigerina pro-
boscidea SCHWAGER, and Valvulineria sadonica Asano, and in that Ammonia tochigiensis
(Ucuio) and Amphicoryna tubulata japonica (Ucuio) are abundant, especially the
former occupies nearly half of benthonic remains. The number of the benthonic
forms is very small, barely amounting to 1 per gram, and none of planktonic forms
are found.

The zone is recognized at a level of the lower part of the Itahana Formation
exposed at the northeast margin of the Futago-Tako Bridge section, and it may
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Fig. 10. Stratigraphic distribution of benthonic foraminifera in the Tomioka Group. The frequency in each of the samples is expressed in the following grades:
VA; more than 46%, A; 46-22%,, C; 22-10%, F; 10-4%, R; 4-1%, VR; less than 19%. Species of less than 19 frequencies in all of the samples are
excluded from the list.
A: Globigerinoides sicanus|Pracorbulina glomerosa Lineage-Zone, B: Praeorbulina glomerosa|Qrbulina suturalis Lineage-Zone, C: Globorolia peripheroronda|Orbulina
suturalis Concurrent-Zone, D: Globorotalia peripheroacuta|Globigerina nepenthes Interval-Zone, D-1: Globorotalia peripheroacutalSphaeroidinellopsis subdehiscens Inter-
val-Subzone, D-2: Sphaeroidinellopsis subdehiscens|Globigerina nepenthes Interval-Subzone, E.: Globigerina nepenthes|Globorotalia acostaensis Interval-Zone. a; Melonis-
Stilostomella Zone, b: Cyclammina-Discammina compressa Zone, c: Gibicidoides pseudoungerianus-Stilostomella lepidula Zone, d: Martinottiella communis-Spirosigmoilinella
compressa Zone, e: Stilostonella-Trifarina kokozuraensis Zone, f: Cassidulina norcrossi- Trifarina kokozuranesis Zone, g: Uvigerina proboscdea-Lenticulina lucida Zone,

h: Uvigerina probsocidea-Praeglobobulimina pupoides Zone, i: Ammonia tochigiensis-Amphicoryna tubulata japonica Zone.
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Fig. 10 (continued)
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Fig. 11. Stratigraphic distribution of benthonic foraminifera in the Nishiyatsushiro Group. VA; more than 469, A; 46-229%,
R; 4-1%, VR; less than 19,.
A: Globorotalia peripheroacuta|Globigerina nepenthes Interval-Zone, A-1: Globorotalia peripheroacuta|Sphaeroidinellopsis subdehiscens Interval-Subzone, A-2: Sphaeroidinel-
lopsis subdehiscens|Globigerina nepenthes Interval-Subzone, B: Globigerina nepenthes|Globorotalia acostaensis Interval-Zone, B-1: Globigerina nepenthes|Globorotalia siakensis
Interval-Subzone, B-2: Globorotalia siakensis|Globorotalia acosiaensis Interval-Subzone, C: Globorotalia acostaensis|Pulleniatina primalis Lineage-Zone, D: Pulleniatina
primalis|Sphaeroidinella dehiscens Interval-Zone.
limina auriculata- Nodosaria longiscata Zone, d: Melonis pompilivides-Stilostomelly ketienziensis Zone.

Species of less than 19, frequencies in all of the samples are excluded from the list.

Sandstone and Mudstone

C; 22-10%, F; 10-4%,

a: Melonis pompilioides- Ammodiscus incertus Zone, b: Globobulimina auriculata-Melonis nicobarensis Zone, c: Globobu-
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occupy probably a part of the Globigerina nepenthes|Globorotalia acostaensis Interval-
Zone, and the fauna indicates an environment ranging from the middle to outer
neritic zone under the influence of cold water.

This zone is defined by only one sample and it may be not proper to apply the
term zone here. But, the collection of additional samples can be hardly expected,
because the Itahana Formation is composed mainly of thick-bedded sandstone and
conglomerate, showing a coarsening-upward tendency.

(2) Nishiyatsushiro Group (Fig. 11)

a. Melonis pompilioides-Ammodiscus incertus Zone—Samples 77043008~
(3), (1), —(2), 77043009 (Kanzaka-Ichinose section)—

This zone is characterized by the abundance of Melonis pompilioides (FicrTEL and
Moryr) and Ammodiscus incertus (D’ORBIGNY) accompanied with Dentalina spp., Globo-
bulimina auriculata (BAILEY), Gyroidinoides komatsui (Aoki), Nodosaria longiscata D’OR-
BIGNY, and N. spp. The benthonic foraminiferal number is rather small, amounting
to 2-7 individuals per gram, but the ratio of planktonic forms is as high as 50-71 per
cent. The fauna of this zone is inferred to have lived in the upper bathyal zone of
the temperate region.

The zone is recognized in the middle part of the Kanzaka Mudstone of the
Ichinose Formation exposed along the Kanzaka-Ichinose section, though the as-
semblages from the lower and upper part of the mudstone are unknown due to the
conspicuous weathering and the dissolution of calcareous microfossils. But, the
Sphaeroidinellopsis subdehiscens Base-datum was confirmed at the middle level of the
zone. Therefore, the zone corresponds to the uppermost part of the Globorotalia
peripheroacutalSphaeroidinellopsis subdehiscens Interval-Subzone and the basal part of the
succeeding Sphaeroidinellopsis subdehiscens|Globigerina nepenthes Interval-Subzone.

b. Globobulimina auriculata-Melonis nicobarensis Zone—Samples
77032706, 7711-2101 (1), —(4), 77112102, 77112103 (Kamiisshiki-Wadaira
section); 77032611, 77032613 (Kamiisshiki-western entrance of Hatouchi
Tunnel section)—

This zone is defined by the predominance of Globobulimina auriculata (BAILEY) and
Melonis nicobarensis (CGUSHMAN) accompanied mainly with Melonis pompilioides (FicHTEL
and Morr), Stilostomella fistuca (SCHWAGER), S. ketienziensis (Ism1zaki), Nodosaria
longiscata D’ORBIGNY, N. spp., and Trifarina occidentalis (CusHMAN). Melonis pompi-
lioides (FicuTEL and MoLL) is relatively dominant in the lower part of the zone, but
it is overwhelmed by the increase of Nodosaria longiscata D’ORBIGNY in the upper
part, and numerous fragments referable to Rhabdammina abyssorum M. SARrs are found
from a few restricted levels of the upper part. Many taxa first appear in this zone,
and most of them are found from the overlying two zones as well. They are as
follows;
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Martinottiella communis (D’ORBIGNY)
M. communis hosoyaensis AsANO
Sigmoilopsis schlumbergeri (SILVESTRI)
Bolivina robusta BRADY

Chilostomella oolina SCHWAGER
Gyroidina sp. |

Gyroidinoides soldanni (D’ORBIGNY)
Parafissurina ovalis TopD
Plectofrondicularia advena (CUSHMAN)
Pyrgo murrhina (SCHWAGER)

P. vespertilio (SCHLUMBERGER)
Sigmoilina sigmoidea (BRADY)
Trifarina kokozuraensis (AsaNo)

However, Biloculina natsukawa (Matul and NAKAMURA), Siphonodosaria cf. abys-
sorum (BraDY), and Uvigerina peregrina dirupta Topp occur only from this zone, and
Globobulimina perversa (CusHMAN), Lenticulina lucida (CusaMAN), and Uvigerina subpere-
grina CusaMaN and KLEINPELL are restricted to the zone and to the next younger
zone.

The benthonic foraminiferal number is relatively large, attainig 15 per gram on
an average, and the ratio of planktonic forms is as high as in the subjacent zone with
the average ratio of 62 per cent. The fauna of this zone may be of the upper bathyal
zone of the temperate region.

This zone is recognized; (1) in the mudstone of about 100 meters in thickness
which occupies the middle part of the Wadaira Tuff of the Ichinose Formation along
the Kamiisshiki-Wadaira section; (2) in the mudstone intercalated in the upper part
of the Wadaira Tuff along the Kamiisshiki-western entrance of Hatouchi Tunnel.
It occupies the middle part of the Sphaeroidinellopsis subdehiscens/Glogigerina nepenthes
Intervai-Subzone.

c. Globobulimina auriculata-Nodosaria longiscata Zone—Samples
77032614 (Kamiisshiki-western entrance of Hatouchi Tunnel section);
77032701-(1), —(2), 77032605 (Deguchi-eastern entrance of Hatouchi Tunnel
section); 77032927, 77032925, 77032924 (Iitomi Bridge-Fukamachi section)—

This zone is characterized by the predominant occurrences of Globobulimina
auriculate (BAILEY) and Nodosaria longiscata D’ORBIGNY, accompanied by Mariinottiella
communis (D’ORBIGNY), Gyroidinoides altiformis (R. E. and K. C. SteEwart), Melonis
pompilioides (FicuTEL and Moiyr), Nodosaria spp., Pullenia bulloides (D’ORBIGNY), Pyrgo
murrhina (SCHWAGER), Siphonodosaria cf. consobrina (D’OReIGNY), Stilostomella fistuca
(ScHwAGER), and S. ketienziensis (IsHizaxi), the last of which has constant occurrence
with relatively high frequency. Marsipella elongata NorMAN and Psammosphaera fusca
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ScHULZE are confined to this zone, and some species such as Gyclogyra involvens (REUSS),
Globobulimina perversa (CusuMAaN), Globocassidulina subglobosa (BRADY), lenticulina lucida
(Cusnman), Quingueloculina sawanensis AsaNo, Sphaeroidina bulloides (D’OrBioNY), and
Uvigerina subperegrina CusamaN and KLEINPELL disappear in the middle or upper part
of the zone.

The benthonic foraminiferal number is large, amounting to the maximum of 37
individuals per gram in the lower part of this zone, where the ratio of planktonic
forms is constant with 60-65 per cent in succession to the subjacent zone. But, the
former decreases to 6-14 per gram, and the latter also becomes low with the average
of 40 per cent in the upper part. The fauna is inferred to have lived in the upper
bathyal zone of the temperate region.

This zone is recognized: (1) in the uppermost part of the Wadaira Tuff of the
Ichinose Formation along the Kamiisshiki-western entrance of Hatouchi Tunnel
section; (2) in the Deguchi Alternation of Tuffaceous Sandstone and Mudstone of
the Daigoyama Formation along the Deguchi-eastern entrance of Hatouchi Tunnel
section; (3) in the lower part of the Byobuiwa Tuff of the Daigoyama Formation
along the Iitomi Bridge-Fukamachi section. Globigerina nepenthes Base-datum was
found from the basal part of the Deguchi Alternation of Tuffaceous Sandstone and
Mudstone, and the Globorotalia siakensis Top-datum was confirmed at a level in the
middle part of the Byobuiwa Tuff. Therefore, this zone ranges from the uppermost
part of the Sphaeroidinellopsis subdehiscens|Globigerina nepenthes Interval-Subzone to the
major part of the next younger Globigerina nepenihes|Globorotalia siakensis Concurrent-
Subzone.

d. Melonis pompilioides-Stilostomella ketienziensis Zone—Samples
77032918, 77032917, 77032916-(1), —(2), 77050104—(4), —(3), —(2), —(1),
77050103-(2), —(1), 77050102, 77032909, 77050101-(2), —(1) (Iitomi Bridge-
Fukamachi section)—

On the whole, this zone is characterized by the abundant occurrences of Melonis
pompilioides (FicHTEL and MoLy) and Stilostomella ketienziensis (Ismizaki). It is noti-
ceable that Globobulimina auriculata (BAILEY), Nodosaria longiscata ’OrBIGNY, N. spp.,
and Stilostomella fistuca (ScHWAGER) are found successively with relatively high fre-
quency. There are a few levels where Melonis pompilioides (FIcHTEL and MoLL) is
overwhelmed by the increase of Globobulimina auriculata (BaiLey). Besides, Melonis
nicobarensis (CusHMAN) and Uvigerina proboscidea SCHWAGER have a tendency to in-
crease upwards, and Nonionella miocenica CusuMaN first appears in the zone. The
other accompanying taxa are as follows;

Martinottiella communis (D’ ORBIGNY)
Sigmoilopsis schlumbergeri (SILVETRI)
Bulimina rostrata BRADY

Gyroidinoides altiformis (R. E. and K. C. STEWART)
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Hanzawaia nipponica AsANo

Lagena spp.

Planulina wuelerstorfi (SCHWAGER)
Plectofrondicularia advena (CUSHMAN)
Pleurostomella brevis SCHWAGER

P. elliptica GaLLowAY and HEMINwAY
Pullenia bulloides (D’ORBIGNY)

Pyrgo murrhina (SCHWAGER)

The benthonic foraminiferal number is rather few, amounting to 4-15 per gram.
The ratio of planktonic forms is very variable ranging from 5 to 67 per cent in the
lower part of the zone, and fairly constant with 54 per cent on an average in the
middle and upper parts. The fauna may indicate a slightly unstable environment
of the upper bathyal zone of the temperate region.

The zone is recognized in the middle and upper parts of the Byobuiwa Tuff of
the Daigoyama Formation along the Iitomi Bridge-Fukamachi section. The Glo-
borotalia siakensis Top-datum and the next younger Globorotalia acostaensis Base-datum
were found from the basal part of the zone, and the Pulleniatina primalis Base-datum
from the uppermost part. Therefore, this zone corresponds to the four biozones of
planktonic foraminifera, that is, the uppermost part of the Globigerina nepenthes|Glo-
borotalia siakensis Concurrent-Subzone, the Globorotalia siakensis|Globorotalia acostaensis
Interval-Subzone, the Globorotalia acostaensis|Pulleniatina primalis Lineage-Zone, and
the lowermost part of the Pulleniatina primalis|Sphaeroidinella dehiscens Interval-Zone.

4. Comparison of benthonic faunas and sedimentary environments be-
tween the Tomioka and Nishiyatsushiro groups

Based on the planktonic foraminiferal datum planes, the Sphaeroidinellopsis sub-
dehiscens Base-datum and Globigerina nepenthes Base-datum, common to the Tomioka
and Nishiyatsushiro groups, the benthonic foraminiferal zones of both groups can
be correlated with each other as shown in Fig. 9.

In comparison of the benthonic foraminifera from the synchronous zones be-
tween the groups, there are considerable differences in their faunal composition.
Excepting some taxa whose occurrences are very rare, the number of taxa common
to the both groups is only twelve, and they are as follows;

Alveophragmium scitulum (BRADY)
Martinottiella communis (D’ORBIGNY)
Stgmoilopsis schlumbergeri (SILVESTRI)
Cibicidoides pseudoungerianus (CUSHMAN)
Globocassidulina subglobosa (BRADY)
Lenticulina lucida (CUSHMAN)

Melonis nicobarensis (CUSHMAN)
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M. pompilioides (FicHTEL and MoLL)

M. quadalpae PARKER

Sphaeroidina bulloides (D’ORBIGNY)

Trifarina kokozuraensis (ASANO)

Uvigerina subperegrina CusHMAN and KLEINPELL

The number of taxa which are present in the Tomioka Group but not in the

Nishiyatsushiro Group is about thirty. The important taxa are as follows;

Cyclammina ezoensis AsaNO

Gaudryina ishikiensis AsaNo

Ammonia japonica (HADA)

A. ketienziensis (IsHIZAKI)

A. tochigiensis (UcHio)

Amphicoryna proxima (SILVESTRI)

A. tubulata japonica (UcHIO)

Anomalina glabrata CusHMAN

Cassidulina norcrossi CUSHMAN

Cibicidoides aknerianus (D’ORBIGNY)

C. lobatulus (WALKER and Jacos)

Elphidium advena (CUSHMAN)

E. jensen: (CUSHMAN)

Florilus grateloupi (D’ORBIGNY)

Nonion japonicum AsANO

N. pacificum (CUSHMAN)

Nonionellina labradorica (DAwsON)

Praeglobobulimina pupoides (D’ORBIGNY)

The number of characteristic taxa found from the Nishiyatsushiro Group only

is also about thirty. The next taxa are significant;

Ammodiscus incertus (D’ORBIGNY)

Marsipella elongata NORMAN

Psammosphaera fusca SCHULZE

Reophax pilulifer BRaDY

Rhabdammina abyssorum M. Sars

Saccammina sphaerica M. SARs

Globobulimina auriculata (BAILEY)

Gyroidinoides komatsui (AoK1)

G. nipponicus (IsH1ZAKI)

Oridosalis umbonatus (REUSS)

Pleurostomella brevis SCHWAGER

P. elliptica GaLLoway and HeMinway
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Pyrgo spp.

Siphonodosaria cf. consobrina (D’ORBIGNY)
Stilostomella fistuca (SCHWAGER)

Tosaia hanzawai TAKAYANAGI

Trifarina occidentalis (CUSHMAN)

Another thing to be noticed is that there is an appreciable difference in the
planktonic foraminiferal assemblages as well between the above-mentioned syn-
chronous zones. The charateristic taxa of the Tomioka Group are Globigerina bulloides
bulloides D’ORBIGNY, G. pachyderma (EHRENBERG), and Globorotalia bykovae (AISENSTAT),
and the assemblages of the group are monotonous in composition, consisting predo-
minantly of several taxa of Globigerina, except ones from the lower part of the Sphaeroi-
dinellopsis subdehiscens|Globigerina nepenthes Interval-Subzone. Both species of carinate
and non-carinate Globorotalia scarcely occur, and Globigerinoides ruber ruber (D’ORBIGNY)
and Globigerina nepenthes TopD are found in very low frequencies. Therefore, the
planktonic foraminiferal assemblages from the upper part of the Tomioka Group
are characteristic of the “Miocene boreal fauna’ called tentatively by Sarro (1963).

From the Nishiyatsushiro Group, on the other hand, tropical and subtropical
taxa such as Globoquadrina aliispira (CusHMaN and Javis), G. dehiscens (CHAPMAN,
ParR, and CoLLINs), Globorotalia lenguaensis BoLLi, G. peripheroacuta BLow and BANNER,
G. praefohsi BLow and BANNER, Hastigerina siphonifera praesiphonifera BLow, H. siphonifera
siphonifera (D’ORBIGNY), and Globigerina nepenthes Topp etc. are found in fairly high
frequencies.

After all, it is apparent that the sedimentary environment of the Tomioka Group
and that of the Nishiyatsushiro Group were quite differnet during the late Middle
Miocene, and that the Tomiocka area has changed from the upper bathyal condi-
tion to the neritic one under the influence of cold water, but the Shimobe area has
continued to subside so as to permit the subsistence of the upper bathyal fauna under
the warm water current during that time.

V. Middle Miocene benthonic faunas from the other
regions of the Kanto and its adjacent districts

Last of all, it is necessary to compare the Middle Miocene foraminiferal faunas
of the Tomioka and Nishiyatsushiro groups with those reported from various places
of the Kanto and its adjacent districts.

From the Hiki Hill, Saitama Prefecture and the Daigo-Omiya area, Ibaragi
Prefecture, three planktonic foraminiferal zones were reported. They are the Glo-
borotalia  peripheroronda|Globorotalia  quinifalcata, Globorotalia peripheroacutalGloborotalia
miozea (s.s.), and Globorotalia bykovae|Globorotalia menardii zones, in ascending order,



Benthonic Foraminiferal Biostratigraphy of Middle Miocene 25

Sendai .}
o

Daigo

Utsunomiya

. Kanuma
Tomioka

36°
Hill
\ Uenchara
\ . .
Shimobe . /
H ° {. Boso
ayama o Peninsula
: Y (- Amatsu
L 350
PACIFIC
OCEAN

o

138° 139

140

Fig. 12. Map showing locations of the Kanto district and its environs
from which Middle Miocene foraminiferal faunas were discussed in
the present paper.

and the representative benthonic foraminifera from each of the zones were also
referred (Marva and Murata, 1977). On the whole, the faunal changes of ben-
thonic foraminifera in the latter two zones seem to resemble those known from the
Globorotalia peripheroacuta/Globigerina nepenthes Interval-Zone of the Tomioka Group.
It may be said, therefore, that the marine regression from the north and west of the
Kanto district began in the middle or late Middle Miocene.

In the Boso Peninsula, Chiba Prefecture, the Amatsu Formation was ascertained
by Opa (1977) to have been deposited during the Middle Miocene based on the
stratigraphic distribution of planktonic foraminifera. However, it is a matter for
regret that the benthonic foraminiferal distribution in the formation remain unknown.
Only a few taxa such as Stilostomella spp., Planulina wuelerstorfi (ScHwAGER), and
Nodosaria spp. were reported by Marva and MuraTA (op. cit.) from the basal part of
the formation. Therefore, benthonic fauna can not be compared with those of the
Tomioka and Nishiyatsushiro groups. Further investigation of paleoenvironment
based on the faunal character of benthonic forms and its vertical changes are nec-
essary.

Besides, two benthonic faunas were described by Ucaro (1950) from Tochigi
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Prefecture. One of them was found from the Momiyama Sandstone of the Kanuma
Formation exposed in Kanuma City and was assumed to be the Middle Miocene in
age, and the other from a fine sandstone of the Terayama Group distributed in
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Fig. 13. Geological map of the Uenohara-cho and its environs, Kitakatsura-gun, Yamanashi
Prefecture, and locations of samples collected from the Shimada Formation of the Nishi-
katsura Group.
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Utsunomiya City and was assumed to be of the Upper Miocene. The former com-
prises about thirty taxa, and is characteried by abundant Vaginulina otukai Ucnio
and Hanzawaia nipponica AsaNo associated with Ammonia tochigiensis (UcHo), Elphidium
momiyamaensis UcHio, Celanthus craticulatum (FicHTEL and MoLvr), and Misgypsina kotot
Hanzawa etc. The latter consists of nearly fifty taxa and is characterized by abun-
dant Melonis pompilioides (FicuTEL and MoLL), Ammonia ketienziensis (IsH1zAKkI), and
Elphidium subgranulosum Asavo. Planktonic forms such as Globigerina bulloides D’ ORr-
BIGNY, G. bilobata D’ORBIGNY, Globorotali tumida (BRADY), G. crassa (D’ORBIGNY), and
Orbulina universa ’ORBIGNY were also reported. However, reexamination of plank-
tonic foraminifera based on the updated taxonomy is necessary, and age determina-
tion of these faunas should be settled first. Comparison of the faunas with those of

Species Semples Ue23 | Ue39 | Ue55

Globigerina angustiumbilicata Bolli + +
G. bradyt Wiesner +
G. bulbosa LeRoy +
G. decoraperta Tekeysnagi & Saito +
G. falconensis Blow +
G. foliata Bolli +
G. nepenthes Todd + +
G. pachyderma (Ehrenberg) +
G. parabulloides Blow
G
G

. praebulloides Blow

. SPP.

Globigerinita incrusta Akers
G.? sp. +
Globigerinoides obliquus obliquus Bollli
G. quadrilobatus immatulus LeRoy

G. quadrilobatus trilobus (Reuss)

+ +|+ +

G. subquadratus Brénnimann
G. Spp.
Globoquadrina dehiscens (Chapman, Parr & Collins) +

o+ o+ H o+ o+

G. veneauelana (Hedberg)

Globorotalia (Turborotalia) cf. adamantea Saito
G.(T.) continuosa Blow

G. (G.) menardii (d'Orbigny)

G.(G.) cf. menardii (d'Orbigny)

Hastigerina sp.

+ o+ |+ + + o+

Sphaeroidinellopsis seminulina seminulina (Schweger)

+ 4|+ + +

S. subdehiscens subdehiscens {Blow) +

Fig. 15. Planktonic foraminifera from the Shimada formation of the Nishikatsura
Group.
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the Tomioka and Nishiyatsushiro groups is a subject of the future investigation.

In the other adjacent regions, Fukura and Sminokr (1952) studied benthonic
foraminiferal fauna from the Shimada Formation distributed from the south of
Uenohara-cho, Kitakatsura-gun, Yamanashi Prefecture to the southwest of the Lake
Sagami, Tsukui-gun, Kanagawa Prefecture. The fauna comprises very abundant
arenaceous forms such as Martinottiella communis (0’ORBIGNY), Haplophragmoides scitulum
(Brapy), and Géesella schencki AsaNo in association with Gyclammina incisa (STAGHE),
C. japonica kaiensis Fukura and SmiNoxi, Nonion soldanni (D’ORBIGNY), N. pacificum
CusumaN, and some others. Fukura and Sminoxki (op. cit.) came to a conclusion
that the Shimada Formation was deposited in rather cold water condition. Recent-
ly, the author studied planktonic foraminifera collected from the formation (Figs. 13
and 14). Most of them are in poor preservation and unfavorable for the quantita-
tive analysis of faunal composition, but about thirty taxa including Globigerina nepenthes
Toop, Globigerinoides subquadratus BRONNIMANN, Globorotalia menardit (D’ORBIGNY), and
G. continuosa BLow were found (Fig. 15). It is inferred, therefore, that the formation
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Fig. 16. Relation among the Japanese chronostratigraphic units, the benthonic foraminiferal zones in
the Tomioka area, and California stages based on benthonic foraminiferal distribution.
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is included within the Globigerina nepenthes|Globorotalia acostaensis Interval-Zone, and
that the temperature of surface water was rather warm at the deposition of the for-
mation. Judging from the faunal composition of benthonic and planktonic foramini-
fera it is considered that the formation was deposited in the upper bathyal zone
under the influence of the warm water current in the late Middle Miocene.

VI. Summary and conclusion

(1) It was revealed that the Sphaeroidinellopsis subdehiscens Base-datum exists in a
level somewhat lower than that reported previously (Crijt and Konpa, 1978) through
the examination of additional samples. The stratigraphic position of the base-datum
should be altered as follows. The base-datum exists in the middle part of the Niwaya
Formation of the Tomioka Group and in the same part of the Kanzaka Mudstone
of the Nishiyatsushiro Group.

(2) Based on the stratigraphic distribution of benthonic foraminifera, the
Tomioka and Nishiyatsushiro groups are divided into nine and four biozones, re-
spectively. They are as follows, in ascending order.

Tomioka Group—Melonis-Stilostomella Zone, Cyclammina-Discammina compressa
Zone, Cibicidoides pseudoungerianus-Stilostomella lepidula Zone, Martinottiella communis-
Spirosigmoilinella compressa Zone, Stilostomella-Trifarina kokozuraensis Zone, Cassidulina
norcrossi- Trifarina  kokozuraensis Zone, Uvigerina proboscidea-Lenticulina lucida Zone,
Uvigerina proboscidea-Praeglobobulimina pupoides Zone, and Ammonia tochigiensis-Amphi-
coryina tubulata japonica Zone.

Nishiyatsushiro Group—=»Aelonis pompilioides-Ammodiscus incertus Zone, Globobuli-
mina auriculata- Melonis nicobarensis Zone, Globobulimina auriculata-Nodosaria longiscata
Zone, and Melonis pompilioides-Stilostomella ketienziensis Zone.

(3) The lower half of the Tomioka Group was deposited in the upper bathyal
zone under the warm water condition during the late Early Miocene. However,
just above the Orbulina suturalis Base-datum of the group, the Martinottiella communis
-Spirosigmoilinella compressa Zone characterized by the poor occurrence of arenaceous
forms such as Gyclammina incisa (StacHE), Discammina compressa (GOES), Gdesella schencki
Asano, Haplophragmoides renzi Asano, Martinottiella communis (D’ORBIGNY), and Spiro-
stigmoilinella compressa MATSUNAGA was recognized, though it is several tens of meters
thick. The faunal change from the subjacent Cibicidoides pseudoungerianus-Stilostomella
lepidula Zone characterized by the rich warm water species of calcareous forms happens
abruptly in the consecutive muddy facies of the Haratajino Formation, and the
planktonic forms are never found in the zone. Such a biozone seems to indicate the
stagnant and anaerobic condition of the basin, and it has been pursued from the

Japan Sea side province of Southwest Japan through the adjacent Niigata basin in
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the early Middle Miocene. Accordingly, it may be considered that the Tomioka
basin had been connected with the sedimentary basin of Japan Sea side since that
time, and that the boundary between this zone and the subjacent one corresponds
to the Foraminiferal Sharp Line of Tar (1963).

(4) In the middle Middle Miocene, the Tomioka basin was significantly af-
fected by the cold water mass which invaded the Kanto district from the northward,
and subsequently, it became shallower and changed from the uppermost bathyal zone
to the outer or middle neritic zone.

(5) By means of the Sphaeroidinellopsis subdehiscens Base-datum and the next
younger Globigerina nepenthes Base-datum, the benthonic foraminiferal zones of the
Tomioka Group and those of the Nishiyatsushiro Group are correlated with each
other as shown in Fig. 9. As to the Nishiyatsushiro Group distributed in the Shi-
mobe area, there is no indication for the appreciable depth change throughout the
time of deposition. All the benthonic foraminiferal assemblages are of the upper
bathyal zone, and many tropical and subtropical taxa of planktonic forms were
abundantly and consistently found from the whole section of the group. Contrary
to the Tomioka area, the Shimobe area has continued to submerge under the warm
water condition during the middle and late Middle Miocene, and there accumulated
the marine sequence intercalating very thick volcanic detritus. On the other hand,
the Uenohara area of the eastern margin of Yamanashi Prefecture situated near to
the Kanto district was deposited under a deep water condition in a transitional region
of the warm and cold water currents.

(6) There are many points of resemblance in the faunal character and its vertical
changes between the Middle Miocene benthonic faunas reported from Saitama and
Ibaragi prefectures and those found from the Tomioka Group. It can be said, there-
fore, that the marine regression from the north and west of the Kanto district began
in the middle Middle Miocene. As far as the southern part of the district is con-
cerned, the Middle Miocene benthonic fauna remains unknown. It is necessary to
investigate the stratigraphic distribution of benthonic foraminifera from the Amatsu
Formation distributed in the Boso Peninsula.

VII. Discussion

The present study has revealed that the Tomioka area was affected significantly
by the cold deep water during the middle Middle Miocene time, and changed to
the neritic zone after that time.

As a whole, the Middle Miocene was a remarkable regressive stage in the Jap-
anese region. In many places, as mentioned afore, the greater part of the Middle
Miocene Series is lacking in marine sequences, especially on the Pacific side of the
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Japanese Islands*. Change of depositional condition of the Tomioka area is pre-
sumably not a local phenomenon in the Kanto district, Central Japan, but a event
related to upheaval of the Japanese region during the Middle Miocene time.

Furthermore, it is noteceable that a subarctic bathyal fauna including abundant
Cassidulina norcrossi CusaMAN and Trifarina kokozuraensis (AsaNo) was found in the
lower part of the Globorotalia peripheroacuia/Globigerina nepenthes Interval Zone corres-
ponding approximately to the middle Middle Miocene. With regard to this, some
discussion may be necessary.

Judging from available data of biostratigraphic and paleontological studies on
the middle latitudes along the marginal North Pacific region, appearance of the
subarctic deep water type fauna in the Tomioka Group can be convincingly at-
tributed to the worldwide temperature change in the Middle Miocene.

In recent years, intercontinental correlation of California mid-Cenozoic stages
defined by KLEINPELL (1938) based on stratigraphic distribution of benthonic fora-
minifera became possible through the progress of studies of planktonic microfossils
and radiometric dating (BaNDy and INcLE, 1970; Banpy, 1972; INGLE, 1977; Lipps,
1964, 1967, 1968; TurNER, 1970; WiLcoxoN, 1969), and then, all, the upper part of
Relizian, Luisian, and lower half of Mohnian stages of KLEINPELL (op. cit.)} in ascend-
ing order, have been considered to be equivalent to the Middle Miocene (Fig. 16).

The Luisian Stage corresponding approximately to the middle Middle Miocene
was essentially regressive. It is absent at some localities in California. The early
Luisian is represented by warm to temperate water type fauna of medium depth
(bathyal zone) including abundant Siphogeneria under the open sea condition, but the
later stage by shallow (neritic) and current-sheltered warm water type, and paleo-
temperature became successively cooler toward the latest stage. In the following
lower Mohnian Stage corresponding to the late Middle Miocene, benthonic fauna
characteristic of the neritic zone became common. The warm water elements have
disappeared in the middle Mohnian and there is a remarkable increase of cold water
forms such as Cassidulina, Nonion pizarensis, and Uvigerina. The faunal change ob-
servable between the Luisian and Mohnian is the most pronounced change recognized
in the California Miocene (KrLEINPELL, 1938).

Therefore, general trends of paleoenvironmental changes are similar to each
other between the Pacific side of the Japanese Islands and California coast during
the Middle Miocene time. This is also supported by the data on oxygen isotope
analyses of bathyal foraminiferal tests from the DSDP cores in the Pacific Ocean.

Recently, oxygen isotopic compositions of multispecies assemblages of bathyal

* The Shimobe area is an exception, because the area is situated in the Fossa Magna region where
subsidence and sedimentation occurred largely following intense volcanism and faulting movements
during the Middle and Late Miocene,
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foraminifera from many sampling sites in the North and South Pacific have been
plotted as a function of time (Doucras and Savin, 1973; Savin et al., 1975; Sarto,
1977). In these data, all points concentrate on a single curve without any exception,
and the most dramatic cooling of bottom waters is shown in the Middle Miocene.
Also, in general Tertiery paleotemperature deduced from isotope analyses of plank-
tonic and benthonic foraminifera of five DSDP cores (sites 44, 47, 55, 167, and 171)
in the North Pacific (SavIN et al., 1975), the fluctuation of the planktonic and ben-
thonic foraminiferal curves are parallel until the early Middle Miocene, and there-
after the benthonic curve shows a temperature decline, while the low latitude plank-
tonic temperature curve shows relatively constant temperatures (Fig. 17). Since deep

~

138°E

40°N——

Sendai

—+-38°N
142°E
(3)

Tomioka
®

Fig. 18. Map showing the locations of the Kadonosawa-Sannohe (1),
Ichinoseki (2), and Joban (3) areas, northern Japan.

bottom water temperatures throughout the world’s oceans today closely approximate
surface temperatures in their source region at polar latitudes, the oxygen isotopic
record in deep sea sediments may in turn suggests high latitude surface temperatures
of the geologic past. In addition, because the thermal conditions (temperatures and

Fig. 17. General Tertiary paleotemperatures deduced from oxygen isotope analyses of planktonic and

benthonic foraminifera from several DSDP cores in the North and South Pacific and South
Atlantic oceans:
(a) locations of cores studied. Circles=DSDP sites. Triangles=USNS Eltanin sampling sites.
(b) Oxygen isotopic compositions of multispecies assemblages of benthonic foraminifera. The
Tertiary temperature scale applies to samples older than Middle Miocene. Modern tempera-
ture scale is applicable to present-day oceans. Temperature scales for Middle and Late Miocene
and Pliocene lie between two scales shown. (c) Surface temperature of five low latitude North
Pacific DSDP sampling sites estimated from isotopic data. Also shown are bottom temperature
(or high latitude surface temperatures) from (b). Quoted from Savin et al. (1975).
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volume of ice) of high latitudes are the primary factor controlling the §O® values
in the tests of bathyal foraminifera (ScHACkLETON, 1967; SGHACKLETON and OPDYKE,
1976), the 80" record in deep open ocean sediments is globally synchronous.

On the Japan Sea side of northern Japan, tropical species of planktonic fora-
minifera, such as Globorotalia praemenardii praemenardii CusHMAN and STAINFORTH,
Globorotalia miozea (s.1.) FINLAY, Globoquadrina altispira altispira (CusumAN and Javis),
and Globoquadrina dehiscens (CuAPMAN, PARR and Corrins), disappear at the top of the
Globorotalia peripheroacutalGloborotalia miozea (s.1.) Zone corresponding approximately
to BLow’s (1969) Zone N.10~-N.11 (IKEBE ¢f al., 1977; Maiva, 1978). In the Tomi-
kao area, on the other hand, tropical taxa mentioned above subsisted until the top
of the Globorotalia peripheroacutaGlobigerina nepenthes Interval-Zone corresponding to
Zone N.10-N.13 (Cuir and Konpa, 1978), and then it should be emphasized that
prior to the extinction of tropical planktonic foraminifera a remarkable faunal change
of benthonic foraminifera occurred in the bathyal zone; namely, a subarctic cold
water type fauna such as the Cassidulina norcrossi- Trifarina kokozuraensis Assbmelage
invaded the Tomioka basin, replacing the warm to temperate water type fauna.
Therefore, it is considered that the cold deep waters derived from the surface waters
in the high latitude regions had underlain the warm surface current during the middle
Middle Miocene. Accordingly, the faunal composition change of bathyal foramin-
ifera in the land section is not inconsistent with the 8O record in deep sea sedi-
ments mentioned above.

In California as well, planktonic and benthonic foraminiferal occurrences show
a similar trend in the Luisian Stage; some tropical indices of planktonic foraminifera
still survived into the close of the stage, suggesting that the major isotherms has
shifted northward at this time, and all of them disappear in the following Lower
Mohnian Stage (Banpy, 1972; INcLE, 1967; Lipps, 1964; PARKER, 1964). On the
other hand, benthonic foraminiferal faunal change in the Luisian Stage shows already
a tendency of gradual cooling of the Pacific bottom waters (KLEINPELL, 1938).

There are not enough data, however, on benthonic foraminifera to explain
Middle Miocene events in the marginal North Pacific region. On the Pacific side
of northern Japan, only a Middle Miocene benthonic fauna has been known from
the Hatatate Formation distributed in the southwest of Sendai (Asano, 1937; Taka-
vaNAGI, 1952), and the age of the formation was assigned by Opa and Sakar (1977)
to be the early Middle Miocene to the early Late Miocene based on planktonic
foraminifera and radiolaria. TakAvanaat (op. cit.) classified sedimentary environ-
ment of the formation into two phases, the earlier one of a shallow sea in an unstable
area and the later one of a deeper in a more stable condition, but it seems for the
author that there is no apparent evidence of the temperature decline of deep waters
in the faunal composition of the later phase.
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Besides, some Middle Miocene marine sequences have been reported through
the recent studies of planktonic microfossils from the Kadonosawa-Sannohe, Ichino-
seki, and Joban areas, the Pacific side of northern Japan [Samara, 1976; TAKAYANAGI
et al., 1976; Tuscur et al., 1979; (Fig. 18)]. Neverthless, benthonic foraminiferal
research on these sequences has not been carried out until now. In connection with
the author’s work, it is necessary to confirm benthonic foraminiferal compositions in
these sequences.
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Explanation of Plates I-V

Plate I

Fig. 1: Martinottiella communis (D’OrBIGNY) X50 OMNH Reg. No. F13871F; from Sample
57—(1) (Idozawa Formation, Tomioka Group).

Fig. 2: Martinottiella communis (D’OrBIGNY) X72 OMNH Reg. No. F13872F; from Sample
57-(1) (Idozawa Formation, Tomioka Group;.

Figs. 3a, b:  Spirosigmoilinells compressa Marsunaca xX66 OMNH Reg. No. FI13903F; from
Sample 4 (Haratajino Formation, Tomioka Group).

Fig. 4: Spirosigmoilinella compressa Matsunaga X 60 OMNH Reg. No. F13904F; from Sample
57—(1) (Idozawa Formation, Tomioka Group).

Figs. 5a, b: Discammina compressa (G6rs) x24 OMNH Reg. No. F13858F; from Sample 162
(Haratajino Formation, Tomioka Group).

Figs. 6a, b:  Discammina compressa (Gbes) x22 OMNH Reg. No. F13857F; from Sample 152
(Haratajino Formation, Tomioka Group).

Fig. 7: Ammodiscus incertus (D’OrBIGNY) X6 OMNH Reg. No. F13912F; from Sample 7704-
3008-(2) (Kanzaka Mudstone, Ichinose Formation, Nishiyatsushiro Group).

Fig. 8: Ammodiscus incertus (0’OrBICNY) var. X6 OMNH Reg. No. F13913F; from Sample
41 (Idozawa Formation, Tomioka Group).

Fig. 9: Marsipella elongata NormMan x 14 OMNH Reg. No. F13914F; from Sample 77043008-
(2) (Kanzaka Mudstone, Ichinose Formation, Nishiyatsushiro Group).

Figs. 10a, b:  Goesella schencki Asano x26 OMNH Reg. No. F13836F; from Sample 150 (Hara-
tajino Formation, Tomioka Group).

Figs. 11a, b:  Gyroidinoides altiformis (R. E. and K. C. STEwarT) X 50 OMNH Reg. No. F13837F;
from Sample 77032613 (Wadaira Tuff, Ichinose Formation, Nishiyatsushiro Group).

Fig. 12:  Fursenkoina mexicana (Cusajan) x 60 OMNH Reg. No. F13834F; from Sample 41
(Idozawa Formation, Tomioka Group).

Fig. 13:  Fursenkoina mexicana (Cussman) X 60 OMNH Reg. No. F13835F; from Sample 4 (Hara-
tajino Formation, Tomoika Group).

Figs. 14a, b, c:  Gyroidinoides altiforn.is (R. E. and K. T. StEwarTt) X 56 OMNH Reg. No. F13-
839F; from Sample 162 (Haratajino Formation, Tomioka Group).

Figs. 15a, b:  Gyclammina orbicularis (D’OrBigNy) X 18 OMNH Reg. No. F13856F; from Sample
45 (Obata Formation, Tomioka Group).

Figs. 16a, b, c:  Gyoridina orbicularis (0’OrBIaNY) X 70 OMNH Reg. No. F13838F; from Sample
41 (Idozawa Formation, Tomioka Group).

Figs. 17a, b, c:  Gyroiainoides soldanni (D’OxBiony) X 54 OMNH Reg. No. F13841F; from Sample
77112101-(1) (Wadaira Tuff, Ichinose Formation, Nishiyatsushiro Group).

Plate I1

Fig. 1: Stloston.ella fistuca (ScHWAGER) X46 OMNH Reg. No. F13906F; from Sample 7711-
2101-(1) (Wadaira Tufl, Ichinose Formation, Nishiyatsushiro Group).

Fig. 2: Stlostomella fistuca (ScHwacer) x50 OMNH Reg. No. F13907F; from Sample
77032909 (Byobuiwa Tuff, Daigoyama Formation, Nishiyatsushiro Group).

Fig. 3: Stilostomella ketienziensis (Ismizaki) x54 OMNH Reg. No. F13908F; from Sample
77050102 (Byobuiwa Tuff, Daigoyama Formation, Nishiyatsushiro Group).
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Fig. 4: Stilostomella ketienziensis (Isizaki) x40 OMNH Reg. No. F13909F; from Sample
77050102 (Byobuiwa Tuff, Daigoyama Formation, Nishiyatsushiro Group).

Fig. 5: Stlostomella lepidula (Scawacer) X 50 OMNH Reg. No. F13910F; from Sample 39—
(1) (Idozawa Formation, Tomioka Group).

Fig. 6: Stilostomella lepidula (Scawacer) X456 OMNH Reg. No. F13911F; from Sample 162
(Haratajino Formation, Tomioka Group).

Fig. 7: Stilostomella lepidula (Scuwacer) x46 OMNH Reg. No. F13915F; from Sample 8
(Haratajino Formation, Tomioka Group).

Fig. 8: Stilostomella hayasakai (Ismizaxr) x50 OMNH Reg. No. F13916F; from Sample 186
(Niwaya Formation, Tomioka Group).

Fig. 9: Siphonodosaria oinomikadoi (Isurzaki) x60 OMNH Reg. No. F13895F; from Sample

41 (Idozawa Formation, Tomioka Group)
g. 10:  Stilostomella consobrina (D’OrBicNY) x 30 OMNH Reg. No. F13905F; from Sample
77112101-(1) (Wadaira Tuff, Ichinose Formation, Nishiyatsushiro Group).

Fig. 11:  Nodosaria longiscata D’OrBioNY X 10 OMNH Reg. No. F13917F; from Sample 77032706
(Wadaira Tuff, Ichinose Formation, Nishiyatsushiro Group).

Fig. 12:  Nodosaria longiscata D’OrBieny X 12 OMNH Reg. No. F13918F; from Sample 77032706
(Wadaira Tuff, Ichinose Formation, Nishiyatsushiro Group).

Fig. 13:  Nodosaria tosta ScHwacsr x40 OMNH Reg. No. F13879F; from Sample 77050101-(1)
(Byobuiwa Tuff, Daigoyama Formation, Nishiyatsushiro Group).

Fig. 14:  Nodosaria tosta Scuwacer X 50 OMNH Reg. No. F13880F; from Sample 77050101-(1)
(Byobuiwa Tuff, Daigoyama Formation, Nishiyatsushiro Group).

Figs. 15a, b:  Plectofrondicularia japonica Asano x 36 OMNH Reg. No. F13887F; from Sample
158 (Haratajino Formation, Tomioka Group).

Fig. 16:  Plectofrondicularia advena (CusumanN) x 28 OMNH Reg. No. F13885F; from Sample
77032613 (Deguchi Alternation of Tuffaceous Sandstone and Mudstone, Daigoyama
Formation, Nishiyatsushiro Group).

Figs. 17a, b:  Pleurostomella alternans ScHWAGER X 56 OMNH Reg. No. F13888F; from Sample
77050104-(2) (Byobuiwa Tuff, Daigoyama Formation, Nishiyatsushiro Group).

Figs. 18a, b:  Nonionellina labradorica (Dawson) x 66 OMNH Reg. No. F13878F; from Sample 3
(Haratajino Formation, Tomioka Group).

Fig. 19:  Praeglobobulimina pupoides (D’OrBIGNY) X34 OMNH Reg. No. F13928F; from Sample
56 (Idozawa Formation, Tomioka Group).

Fig. 20:  Praeglobobulimina pupoides (D’OrBIGNY) X 54 OMNH Reg. No. F13927F; from Sample
195 (Haratajino Formation, Tomioka Group).

Fig. 21:  Pleurostomella brevis Scnwacer X 36 OMNH Reg. No. F13889F; from Sample 77050104—
(4) (Byobuiwa Tuff, Daigoyama Formation, Nishiyatsushiro Group).

Fig. 22:  Pleurostomella brevis Scuwacer X 28 OMNH Reg. No. F13890F ; from Sample 77032613
(Wadaira Tuff, Ichinose Formation, Nishiyatsushiro Group).

Figs. 23a, b:  Sphaeroidina japonica Asano X 70 OMNH Reg. No. F13898F; from Sample 159
(Haratajino Formation, Tomioka Group).

Fig. 24: Globobulimina auriculata (BaiLevy) X44 OMNH Reg. No. F13925F; from Sample 770-
50102 (Byobuiwa Tuff, Daigoyama Formation, Nishiyatsushiro Group).

Fig. 25:  Globobulimina auriculata (BaLEy) x40 OMNH Reg. No. F13926F; from Sample 770-
32613 (Wadaira Tuff, Ichinose Formation, Nishiyatsushiro Group).

Figs. 262, b:  Sphaeroidina austriaca D’OrBIGNY x50 OMNH Reg. No. F13896F; from Sample
153 (Haratajino Formation, Tomioka Group).

Figs. 27a, b:  Sphaeroidina bulloides D’OrBrony X 60 OMNH Reg. No. F13877F; from Sample 34
(Idozawa Formation, Tomioka Group).
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Fig. 28:  Plectofrondicularia miocenica Cusaman X 46 OMNH Reg. No. F13886F; from Sample 155
(Haratajino Formation, Tomioka Group).

Fig. 29: Frondicularia foliacea ScHwWAGER X 46 OMNH Reg. No. F13842F; from Sample 162
(Haratajino Formation).

Plate III

Fig. 1: Amphicoryna tubulata japonica (Ucnio) x50 OMNH Reg. No. F13845F; from Sample
83 (Yoshii Formation, Tomioka Group).

Fig. 2: Amphicoryna tubulata japonica (Ucuio) x 56 OMNH Reg. No. F13844F; from Sample
83 (Yoshii Formation).

Fig. 3: Brizalina pisciformis (GAlLowAYy and MoRrreY) x 54 OMNH Reg. No. F13932F; from
Sample 77050102 (Byobuiwa Tuff, Daigoyama Formation, Nishiyatsushiro Group).

Fig. 4: Amphicoryna proxima (SiLvestri) X60 OMNH Reg. No. F13846F; from Sample 83
(Yoshii Formation, Tomioka Group).

Figs. 5a, b:  Fissurina fukamiensis (Asano) x 44 OMNH Reg. No. F13859F ; from Sample 77112102
(Wadaira Tuff, Ichinose Formation, Nishiyatsushiro Group).

Figs. 6a, b: Fissurina exculpta (Brapy) xX60 OMNH Reg. No. F13860F; from Sample 153
(Haratajino Formation, Tomioka Group).

Fig. 7: Oolina melo p’OrBicNy X 74 OMNH Reg. No. F13883F; from Sample 188 (Niwaya
Formation, Tomioka Group).

Fig. 8: Oolina hexagona (WiLLiamsoN) X100 OMNH Reg. No. F13882F; from Sample 158
(Haratajino Formation, Tomioka Group).

Fig. 9: Oolina costata (WiLL1aMsON ) X 86 OMNH Reg. No. F13881F; from Sample 82 (Yoshii
Formation, Tomioka Group).

Fig. 10: Lagena parri LorsLicn and Tappan x 74 OMNH Reg. No. F13867F; from Sample
77043008-(1) (Kanzaka Mudstone, Ichinose Fo’mation, Nishiyatsushiro Group).

Fig. 11: Lagena flatulenta LoesLicH and TarraN X 66 OMNH Reg. No. F13865F; from Sample
77050104—(3) (Byobuiwa Tuff, Daigoyama Formation, Nishiyatsushiro Group).

Figs. 12a, b:  Alvesphragmium scitulum (Brapy) X 16 OMNH Reg. No. F13847F; from Sample 203
(Yoshii Formation, Tomioka Group).

Fig. 13: Lagena semilineata WricHT X 90 OMNH Reg. No. F13868F; from Sample 192 (Niwaya
Formation, Tomioka Group).

Figs. 14a, b: Tritaxia orientale (Cusaman) X40 OMNH Reg. No. F13919F; from Sample 19
(Yoshii Formation, Tormioka Group).

Figs. 15a, b, c:  Ammonia ketienziensis (Ismizaki) x40 OMNH Reg. No. F13848F; from Sample
162 (Haratajino Formation, Tomioka Group).

Fig. 16: Lagena striata (p’OrBIGNY) X 66 OMNH Reg. No. F13869F; from Sample 202 (Yoshii
Formation, Tomioka Group).

Fig. 17: Lagena substriata WiLLiajsoN X100 OMNH Reg. No. F13870F; from Sample 203
(Yoshii Formation, Tomioka Group).

Fig. 18: Lagena laevis (MonTacu) X84 OMNH Reg. No. F13866F; from Sample 77032614
(Wadaira Tuff, Ichinose Formation, Nishiyatsushiro Group).

Fig. 19:  Gaudryina ishikiensis Asavo X 30 OMNH Reg. No. F13840F; from Sample 202 (Yoshii
Formation, Tomioka Group).

Figs. 20a, b, c:  Ammonia tockigiensis (Ucrio) x46 OMNH Reg. No. F13849F; from Sample 90
(Itahana Formation, Tomioka Group)
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Plate IV

la, b:  Melonis nicobarensis (Cusaman) X80 OMNH Reg. No. F13873F; from Sample 9

(Haratajino Formation, Tomioka Group).

2a, b:  Melonis pompilioides (FicuteL and Morr) x 46 OMNH Reg. No. F13874F; from

Sample 77050101—(1) (Byobuiwa Tuff, Daigoyama Formation, Nishiyatsushiro Group).

3a, b:  Melonis pompilioides (FrcuteL and MorL) x60 OMNH Reg. No. F138745F ; from

Sample 202 (Yoshii Formation, Tomioka Group).

4a, b:  Pullenia bulloides (D’OrBIGNY) X70 OMNH Reg. No. FI13891F; from Sample 4

(Haratajino Formation, Tomioka Group).

5a, b:  Pullenia bulloides (D’OrBioNY) X60 OMNH Reg. No. F13892F; from Sample 4

(Haratajino Formation, Tomioka Group).

6a, b:  Melonis quadalpae PARKER X 66 OMNH Reg. No. F13876F ; from Sample 77050104

(1) (Byobuiwa Tuff, Daigoyama Formation, Nishiyatsushiro Group).

7a, b:  Melonis quadalpae PArkEr X80 OMNH Reg. No. F13877F; from Sample 192

(Niwaya Formation, Tomioka Group).

8a, b:  Pullenia subcarinata (D’OrBioNY) x54 OMNH Reg. No. F13893F; from Sample

192 (Niwaya Formation, Tomioka Group).

. 9a, b, c: Cibicidoides pseudoungerianus (Cusaman) X 50 OMNH Reg. No. F13855F; from
Sample 188 (Niwaya Formation, Tomioka Group).

. 10a, b:  Pyrgo vespertilio (SCHLUMBERGER) X 34 OMNH Reg. No. F13894F; from Sample
77032613 (Wadaira Tuff, Ichinose Formation, Nishiyatsushiro Group).

. 11a, b, ¢t Planulina nipponica Asano x 26 OMNH Reg. No. F13884F; from Sample 162
(Haratajino Formation, Tomioka Group).

. 12a, b: Haplophragmoides renzi Asano X20 OMNH Reg. No. F13861F; from Sample

150 (Haratajino Formation, Tomioka Group).

Plate V

1:  Bulimina nipponica Asano X84 OMNH Reg. No. F13851F; from Sample 41 (Idozawa
Formation, Tomioka Group).

2: Bulimina striata D’ORBIGNY X80 OMNH Reg. No. F13852F; from Sample 8 (Harata-
jino Formation, Tomioka Group).

3:  Bulimina striata ’OrBIGNY X 100 OMNH Reg. No. F13853F; from Sample 8 (Harata-
jino Formation, Tomioka Group).

4:  Uvigerina proboscidea ScHWAGER X 74 OMNH Reg. No. F13923F; from Sample 82
(Yoshii Formation, Tomioka Group).

5:  Urigerina proboscidea ScHwWAGER X 70 OMNH Reg. No. F13931F; from Sample 202
(Yoshii Formation, Tomioka Group).

6: Bulimina rostrata BRapy X 56 OMNH Reg. No. F13854F; from Sample 77052917
(Byobuiwa Tuff, Daigoyama Formation, Nishiyatsushiro Group).

7a, b: Uvigerina subperegrina Cusaman and KiemneeLr x 80 OMNH Reg. No. F13922F;
from Sample 81 (Yoshii Formation, Tomioka Group).

Figs. 8a, b: Uvigerina akitaensis Asano X 70 OMNH Reg. No. F13920F; from Sample 41 (Ido-

Figs.

zawa Formation, Tomioka Group).
9a, b: Hopkinsina morimachiensis Matsunaca X50 OMNH Reg. No. F13863F; from
Sample 153 (Haratajino Formation, Tomioka Group).

Figs. 10a, b:  Hopkinsina imogawaensis MatsuNaca X 36 OMNH Reg. No. F13862F; from Sample

3 (Haratajino Formation, Tomioka Group).
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11:  Trifarina hughesi (GALLoway and WissLEr) X 120 OMNH Reg. No. F13900F; from
Sample 153 (Haratajino Formation, Tomioka Group).

12:  Uvigerina akitaensis Asano x 70 OMNH Reg. No. F13924F; from Sample 41 (Idozawa
Formation, Tomioka Group).

13:  Trifarina kokozuraensis (Asano) x84 OMNH Reg. No. F13929F; from Sample 162
(Haratajino Formation, Tomioka Group).

14:  Utvigerina subperegrina CusaMaN and Kreineerr X 74 OMNH Reg. No. F13921F; from
Sample 77032614 (Wadaira Tuff, Ichinose Formation, Nishiyatsushiro Group).

15:  Trifarina bradyi (Cuseman) X 66 OMNH Reg. No. F13899F; from Sample 158 (Harata-
jino Formation, Tomioka Group).

16: Trifarina kokozuraensis (Asano) x76 OMNH Reg. No. F13930F; from Sample 162
(Haratajino Formation, Tomioka Group).

Figs. 17a, b:  Hopkinsina shinboi Matsunaga X 60 OMNH Reg. No. F13864F; from Sample 8

Fig.

Fig.

(Haratajino Formation, Tomioka Group).

18: Trifarina occidentalis (CusnMaN) X 66 OMNH Reg. No. F13901F; from Sample 771-
12101-(4) (Wadaira Tuff, Ichinose Formation, Nishiyatsushiro Group).

19:  Trifarina occidentalis (CusaMan) X 66 OMNH Reg. No. F13902F; from Sample 771-
12101-(4) (Wadaira Tuff, Ichinose Formation, Nishiyatsushiro Group).

Figs. 20a, b:  Bolivina zanzibarica CusamMaN X84 OMNH Reg. No. F13850F; from Sample 56

(Idozawa Formation, Tomioka Group).
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