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Introduction

The writer has been studying the
fossil pollen grains and spores found
from the diatomaceous deposits of Neo-
gene age in the Hokuriku region.

The present article is the third report
-on the palynological researches of the
diatomaceous muddy deposits and treats
ithe spores and pollen grains collected
from the Late Miocene Hijirikawa Mem-
‘ber distributed in and around Hijirikawa
.and Kuwanoin, Shio Town, in the central
part of the Noto Peninsula.

The scope of the research on the
‘microfossils is the systematic determin-
ation of the fossil pollen grains and
;spores and the reconstruction of the

* Received May 24, 1969 ; read September
22, 1968, at the 100th Meeting of the Palae-
ontological Society of Japan held at the
Kanazawa University, Kanazawa; Contribu-
tion from the Institute of Earth Science,
- Kanazawa University, New series No. 9.
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palaeoclimatic condition and palaeoecolo-
gical environment - under which the
Hijirikawa Member was deposited, and
to make correlation and comparison of
the conditions and environment of the
Hijirikawa Member with the Wakura,
Tsukada, I’izuka and Entsunagi:diatoma-
ceous mudstone Members distributed in
the northern and central parts of Noto
Peninsula.

Acknowledgements

The writer thanks Professor Kotora
HaTA1r of the Institute of Geology and
Paleontology, Tohoku University, Sendai
City, for his advice during the course
of palynological researches and reading
the manuscript. Appreciation is due to
Mr. Mineo MISAWA of the Sakuragaoka
High School, -Kanazawa City, for - his
suggestions and information on the
stratigraphy ~and collection: of -the -sam-
ples for the palynological investigation.

NII-Electronic Library Service



186 - ~ Norio FUJI

Deep gratitude is expressed to Mr.
Kobichi NAKAGAWA of the Institute of
Earth Sciences, Faculty of Science, Ka-
nazawa University, Kanazawa City, for
his advice on the Miocene and Pliocene
tectonic movement in the area studied.
Sincere thanks are expressed to Emeri-
tus Professor Dr. Wataru ICHIKAWA and
Professor Yoshio KASENO both of the
Institute of Earth Sciences, Faculty of
Science, Kanazawa University, for their
valuable suggestions on the diatoms and
informations on the biostratigraphy of
the area studied.

The present- research was supported
by a grant for Scientific Research from
the Ministry of Education of the Japa-
nese Government. '

Outline of the Geology

Many diatomaceous mudstones of Neo-
gene age are widely distributed in the
central and northern parts of Noto Pe-
ninsula. They are mainly composed of
homogeneous silty mudstone character-
ized with the dominance of fossil micro-
organisms. In the southern part of the
peninsula the diatomaceous deposits are
distributed locally and their rock-facies
are variable, especially around Mt. H6-
datsu.

In the area north of Mt. Hédatsu the
Neogene deposits which overlie the Hida
gheiss complex with unconformity are
divisible into seven members in ascend-
ing order as follows: the Tsuboike alter-

Table 1. Correlation table of the Neogene diatomaceous deposits distributed

in Noto Peninsula, Central Japan. “——7: diatomaceous deposits.
Geological Oil Field in Hokuriku Hijirikawa — Arec . | Nakajima — Area Wakura—Notojima Suzu i
Age Japan Region Area Area
Shibikawo Hanyu
Pliocene
.. Oginoshima
Wuklmofo} Himi Gainoys Kojima i
Kitaura Akasaki
Lote Otokawa Hijirikowa I\ ’
Miocene-
"Wakura” 1" zuka”
Funakawa “"Kasashlo”
glauconite glauconite
: Tonokuma ’\5 Nando “rlde”
Onnagawe Higashibessho Akage Homada “Hojuji”
Akaura
Middle Shingu !
Mio '
iocene Higashiinnai
Nishikurosawo Kurosedani Arayo |Kusaki{Yamotodd N N
. anahara
T OO O T T T T T Yanagida
Early Miocene Daijimo fwaine Anamizu Anamlzu A X
namizu

nation, Shing@i conglomeratic sandstone,
- Ténokuma alternation, Hara sandstone,
Hijirikawa mudstone, Oginoya siltstone
and Oginoshima sandstone. These mem-
bers are conformable with one another
as shown in the correlation table (Table
1). Each stratigraphical unit is described
below, in ascending order.

The Hida gneiss complex: ‘This gneiss
forms the basement the area southwest of
Mt. Hédatsu, and is distributed locally. The
rock-facies is mainly biotite hornblende
gneiss intercalated with layers of thin cry-
stalline limestone. In the southeastern part
of the area studied some light green fluorite
veins, which are N25°E in strike, are distri-
buted locally. The gneiss and Neogene de-
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posits are in unconformable or fault contact
and generally have a E-W strike.
---------------------- unconformity or fault e

The Tsuboike fine-grained sandstone and
mudstone alternation Member: The type
locality of this member is the outcrop at
Tsuboike in Himi City, Toyama Prefecture.
The member consists generally of an alter-
nation of sandstone and mudstone. The
sandstone is fine-grained and has yielded the
large foraminifer Myogypsina sp. This member
overlies the Hida Gneiss Group with uncon-
formity and is overlain conformably by the
Shingu conglomerate and sandstone Member.
conformity’

The Shingu conglomerate and sandstone
Member: ‘This unit is distributed in the
northern and southern parts of the surveyed
area. It is overlain with conformity by the
Tonokuma sandstone and mudstone alter-
_nation Member. The Shingu Member consists
of conglomerate and sandstone, and the con-
glomerate is composed of angular and/or
subangular pebbles derived from the Hida
Metamorphic Group distributed in and around
Mt. H6datsu. The sandstone is a very
coarse-grained quartzose sandstone inter-
calated with many carbonaceous layers.

The upper part of the member generally
shows typical graded bedding, and one unit
of a graded bed is generally composed of
granule and/or pebbles at the base and of
mudstone at the top.

The thickness is about 600 meters in the
southern part of the area of distribution.

The stratigraphical relation between this
member and the basement rocks is a fault,
and a conformity with the Tsuboike or T6-
nokuma Members. The member interfingers
with the Tsuchikura sandstone, Shoshigahara
sandstone and mudstone alternation and
Akage hard shale Members.

...... interfingering with the Shingu Member -.....

The Akage hard shale Member: This mem-
ber consists of a black or dark gray very
hard tuffaceous (?) shale, alternating with a
coarse-grained sandstone and hard shale in
the lower part; remarkable banded structure
is seen in part. '

conformity

The Tonokuma alterndtion Member: This

“member is distributed at Tonokuma, Shoshi-

gahara and Oitani, Shio Town, Hakui-gun.
The lower part of the member is ‘an alter-
nation of bluish grayish green tuffaceous

. fine-grained sandstone and mudstone, show-

ing graded bedding in a part; two or three
layers of pumiceous tuff are contained in
the middle part which consists of sandstone,
and the upper part is an alternation of

-'greenish gray -fine-grained sandstone and

hard mudstone.

The member yielded many marine mollus-
can fossils as Acila divaricats (HINDS),
Cardium sp., Clinocardium sp., Chlamys cras-
sivenia (Yokoyvama), Cuspidaria sp., Denta-
lium yokoyamai (Maxiyama), Diplodonta sp.,
Lucinoma annulata (REEVE), Macoma sp.,
Natica sp., Venericardia sp., Volsella sp.
(found from the upper part of the member),
and plant fossils as Fagus sp., Ficus sp,
Salix sp. (from the lower part).

The member is about 450 meters in. thick-
ness at Shoshigahara in the eastern part of
the surveyed area and 40 to 70 meters at
Hijirikawa, the western part.
conformity

The Hara sandstone Member: This mem-
ber has been studied by M. Misawa (1960),
and is distributed at Hara, Shingu, Hiradoko,
Ebisaka, Ichinoshima and Iwabuchi of Shio
Town. The rock-facies is a light green or
bluish gray fine- to medium-grained sand-
stone intercalated with some thin carbonace-
ous layers which bear bodly preserved plant
remains.

The member is about 130 meters in thick-
ness at Shoshigahara in the eastern part, 60
meters at Hijirikawa in the western part,
and thins out in the northern part of the
area studied.

conformity

The Hijirikawa mudstone Member: The
member is distributed widely on the west-
ern and eastern sides of the boundary be-
tween Toyama and Ishikawa prefectures.
Its lower part is a fissile mudstone and upper
part consists of. a massive -diatomaceous
mudstone, and there is a very thin medium-
to fine-grained tuff layer (ca. 20 cm.) in the
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middle horizon. The member is character-
ized in the western area of the prefectural
-boundary by its northern part being of a
massive mudstone whereas the southern part
is an alternation of bluish green coarse- to
-medium-grained sandstone and mudstone.
“The megafossils are rare in the member,
that is, the shaly mudstone of lower horizon
of the member yielded only Lucinoma con-
centrica  HIRAYAMA. Microfossils such as
diatoms, sponge spicules, smaller foramini-
fers (Martinottiella communis and Textularia
spp.). are common. The member is about
700 meters thick.
conformity

The Oginoya siltstone Member: The mem-
ber is distributed locally in the mnorthern
part of the area drawn in the geological
.map. The maximum thickness is about 150
meters. The rock-facies is a homogeneous
bluish gray very fine-grained sandstone and
siltstone. Below the lower limit of the
member, there is an intercalation of fine-
grained tuff of 20 cm or more in thickness.
The member has yielded many foraminiferal
fossils as Elphidium advenum, Eponides spp.,
and also molluscs, diatoms and sponge
spicules.

conformity

The Oginoshima sandstone Member: This
member is distributed in the northwestern
side of the. foot of the hilly mountains in
the area studied. The rock-facies is a yel-
lowish brown fine- to medium-grained sand-
stone in part. The member is 60 to 75
meters in thickness.

The area studied is characterized by
many parallel faults extending east to
west in general. Consequently, the Neo-
gene members of this area are displaced
and partly overturned as verified by the
graded bedding. The fault zone develop-
ed through successive stages of the up-
‘heaval movement of the Hodatsu moun-
tain block. Intimately related therewith
is-the development of the Tsuboike and

Shingu dome structures. MISAWA (1960).

pointed out that during this stage, named

the Oginoya-Oginoshima stage, when the
members were deposited a remarkable
change in the environmental conditions
took place, and this probably indicated
a new phase of transgression. NAKA-
GAWA (1968) studied the minor faults in
the Miocene members exposed in this
area and concluded that they were de-
veloped either. during or immediately
after the . deposition of the Shingu
Member. ‘

Palynological Research

(1) Foreword

As already stated different kinds of
diatomaceous deposits occur in Noto
Peninsula, and they have yielded abun-
dant microfossils as diatoms, flagellates,
pollen grains and spores. The several
papers published on the deposits were
concentrated to stratigraphical investi-
gations, and no literature has appeared
concerning the fossil pollen grains and
spores until comparatively recently. The
writer has been studying the Neogene
system, especially the diatomaceous de-
posits,.and the two previous works (FuJI,
1969a and 1969b) have summarized the
palynology of the Miocene Wakura and
Yamatoda Members, and the present
paper is the third report.

The purpose of the present study is
to interpret the significance of the pol-
len grains and spores from the samples
collected from the Late Miocene Hijiri-
kawa Member, mainly in terms of palae-
oclimatic  condition and palaeogeo-
graphical environment. These records

.are based on -the reconstructions gained

by the writer during his about ten years
palynological researches.

(2) Sambpling
The samples analysed in the investi-

~~gation were collected by the writer and
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Mr. Mineo MisawA, a student of our
University, in the summer season of
1959 and 1960. The sampling localities
and stratigraphical horizons of the sam-
ples are shown respectively in Figs. 1
and 2. These samples .are from the
upper part of the Hijirikawa and the
lower part of the Oginoya Members and
the western slope of the '‘Shingu dome
on the northern side of Mt. Hodatsu.

(3) Preparation of Materials and Method
of Study

The preparation of the materials and
method of study for the previous pre-
sent palynological investigation are the
same as described in the papers (FuUJjl,
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1969a and 1969b).

All of the slides containing the speci-
mens registered in the present research
are deposited in the collection of the
Institute of Earth Science, Faculty of
Education, Kanazawa University (regis-
ter abbreviation: EKZ]), Kanazawa City,
Japan.

(4) Description of the Pollen Grain and
Spore Assemblages

(a) General Statement

A living ‘flora is composed of the spe-
cies which are adapted to the physi-
cal condition and biological phenomena
which constitute the environment. But
the fossil assemblage of any locality
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the southern part of Noto Peninsula,

Central Japan (Complled by N. Fuji , 1968; after M. Misawa, 1960 MS; N. Fuji, 1963 MS;

K. NakaGAwa, 1968 MS). ‘1:

Holocene deposits,

2: Pleistocene deposits, 3: Oginoshima

Meitiber, ‘4: Oginoya M., 5: Yamazaki mollusc-bearing bed, 6: Hijirikawa M., 7: Hara M., 8:

Ténokuirna M., ’9:"Shoshi-gfahara ‘M., 10: Akage M.,

11: Tsuchikura M., 12: Shingu M., 13:

Tsuboike M., 14 : HidaGneiss Group, 15: fault, 16: anticline, 17 : dome structure, 18: sampling

localities.
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¢ bluish gray siltstone

sample 6

thin fine— grained Tuff
sample 5§

sample 4

Ldork bluish gray massive mudstone

~sample 3

sample 2
thin bluish gray fine— grained Tuff

sample |

>dark gray massive hard mudstone

alternation of sandstone and mudstone

|— sandstone

ot { 35 metes

Fig. 2. Columnar section showing the
horizons of the samples.

may be the total accumulation
composed of a biocoenosisand/
or a thanatocoenosis. There-
fore, it is necessary to make
an analysis of the fossil com-
position from the viewpoint of
the presence or absence, abun-
dancy anddistribution of every
climatic element to know the
palaeoclimatic condition and
palaeogeographical environ-
ment at the time of deposition.

(b) Stratigraphical Rela-
tions of the Samples

The localities of the sam-
ples studied are distributed
in the present field. The
stratigraphical position of
these samples can be illust-
rated as a columnar section
and for the sake of con-
venience are called horizons
in this study. Here, the term
horizon is used to denote the
same or nearly same strati-
graphic position or level
within the stratigraphic unit.

The samples analysed in
the present study can be
clagsified into the six hori-
zons shown in the columnar
section (Fig. 2).

(¢) Description of the as-
semblages
. The assemblages of the fos-
sil spores and pollen grains
found from the six samples
are shown in Figs. 3, 4, 5
and 6.
Sample'1:

The mixed sample is from

" an outcrop of Locality No. 1

(Fig. 1), where is situated at
about 2,000 meters southeast
of the Shikinami Station of
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Fig. 3. Pollen diagram (1) of the Hijirikawa and Oginoya
Members. Numbers refer to Figs. 1 and 2.

the Japanese National Nanao Railway
and about 1,250 meters southwest of
Hijirikawa. It belongs to the upper
Thorizon of the lower partof the Hijirikawa
Member.

This sample vyielded; Gymnosperm-
eight genera; Dicotyledon-ten genera
and four subgenera; Monocotyledon—
three families and one genus; two in-
determinable pollen grains, and spores-
six genera. Among them, Metasequoia is
:abundant, showing the highest concent-
Tation (11.5 per cent) in this composite
:sample. The Genus Quercus is classi-
-fied into two types, one is of large size
and other of small size, based on the
-diameter of the pollen grain, and the

Jatter belongs to the evergreen type.
Pinus and Ligquidambar are frequent, .

-amounting to more than about 7 per
«<ent. Deciduous Quercus, Nyssa and

Tsuga are common, ranging from 4 to
6 per cent. Gymnosperm total 36 per
cent, Dicotyledon, Monocotyledon and
Pteridophyta are 48 per cent, 4 per cent
and 8 per cent respectively.

As shown in some text-figures and
tables, plants having different havitats
are distinguished among the treated
composite sample.

The plants which are distributed in
the cold climatic region are denoted by
“A” in Fig. 4, and are Larix, Abies,
Fagus and Betula. Keteleeria, Pseudo-
tsuga, Metasequoia, Cunninghamia, Gly-
ptostrobus, and Taiwania, the evergreen
Quercus and Liquidambar are the repre-
sentative plants of a warm temperate
and subtropical region as denoted by
“B” in Fig. 4. Pinus, Tsuga, and
Taxodiaceae without the warm elements
above-mentioned, and the deciduous
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Quercus, Zelkova, Ulmus, Salix, Acer,
Juglans, Castanea, Tilia, and Ilex are
the representative plants of the tem-
perate to cool temperate region as for
example the Hokuriku region. They
are denoted by “C” in Fig. 4. Accord-
ing to the present analysis, the plants
belonging to the element ‘“ A” appear
with a very low frequency of 6 per cent
of the total. On the contrary, the plants

of the warmer type denoted by “ B’
and the cool temperate type “C” are
respectively 38 per cent and 56 per cent.
The frequency of the spores which
certainly belongs to Pteridophyta is as.
high as that of a ordinary marine de-
posit, ranging from 8 per cent to 10 per
cent. The frequency of the plants dis-
tributed widely in the warm temperate-
and subtropical region and found in the:

ol

.0‘2

€

Fig. 4. Pollen diagram (2): Triangular diagram showing the relationship "between cold”
and cool climatic, temperate climatic and warm climatic elements found from several samples.

of the Hijirikawa and Oginoya Members. Numbers refer to Figs. 1 and 2. a

: Yamatoda.

Member, b: Sunagozaka M., ,e:“H‘ojuji_M., f: I'ida M., g: Wakura M., i: Nakayama-toge M.,.
k: Takakubo M., 1: Omma M., 1-5: Hijirikawa M., 6: Oginoya M., m: the present déposits.

of Hojozu:gata Lagoon, Toyama Prefecture.
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100 %

O % 0%

100%

Fig. 5. Pollen diagram (3): Quadri-
lateral diagram showing the palaeoclimatic
condition and palaeogeographical environ-
ment during the sedimentation of the Hijiri-
kawa and Oginoya Members. a: Yamatoda
Member, b: Sunagozaka M., c: Higashi-
‘in‘nai M., d: Najimi M., e: Hojuji M.,
f: I'ida M., g: Wakura M., h: I’izuka M,,
i: Nakayama-toge M., j: Hijirikawa M.,
k: Takakubo M., 1: Omma M., 1-5: Hijiri-
kawa M., 6: Oginoya M.

fossil flora shows the highest ratio
among the treated samples, and this is
a characteristic feature of the flora.

To facilitate considerations on the
ecological environments under which
some ancient plants lived, their modern
equivalents are grouped into four
habitats, namely, upland, mixed-slope,
stream-side or riparian, and lake or
marshy elements. From the viewpoint
of the significant statistics mentioned

above the fossil pollen grains and spores
can be classified into upland, mixed-
slope and stream-side elements, occupy-
ing 16 per cent and 27 per cent, respec-
tively.

Sample 2:

The composite sample from Locality
No. 2, situated at about 1,500 meters
southwest of Hijirikawa, was examined
for the present study. Locality No. 2
belongs to the lowermost horizon of the
upper part of the Hijirikawa Member.
The composite sample vyielded, Gym-
nosperm-nine genera (45 per cent);
Dicotyledon-ten genera and four sub-
genera (37.5 per cent); Monocotyledon-
three families and one genus (2.5 per
cent); spore-nine genera (13 per cent).
Among these taxa, Pinus is abundant
and amounts to 12 per cent of the total
frequency, being the highest in the
sample. The fossil pollen grain of
Metasequoia totals 11 per cent. FEver-

green Quercus, Keteleeria and Liquidam-

bar are frequent, being respectively 9
per cent, 7 per cent and 7 per cent of
the total frequency. All of these genera
which are representative plants of a
warmer temperate and subtropical
regions, are denoted by the component
“B» amounting to 35 per cent. The
cooler temperaté plants denoted by “C”
reach 62 per cent of the total. Whereas
the other elements amount to only 3
per cent. Deciduous Quercus is common,
reaching 5 per cent of the total.

On the other hand, with respect to
the palaeoecological environment, the
upland, miXed-slope‘ and stream-side
elements are respectively 15 per cent,
60 per cent and 25 per ce‘ntvof the total
frequency. - o

Sample 3:
This sample is from an outcrop of
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Fig. 6. Pollen diagram (4) showing the relationship;between cold and cool climatic, tem-
perate climatic, warm climatic, upland, mixed-slope and riparian elements found from several
samples of the Hijirikawa and Oginoya Members.

Locality No. 3 (Fig. 1), situated at about
1,300 meters south of Oginoya. From
sample 3, which occupies stratigraphi-
cally the lower horizon of the upper part
of the Hijirikawa Member, Metasequoia
is found in 11 per cent of the total fre-
quency. Keteleeria, deciduous Quercus,
Fagus sp. 2, evergreen Quercus, FPinus,
Liquidambar and Nyssa are common,
ranging from 4 per cent to 6 per cent.
The element “ A” amounts to 85 per
cent, element “B” to 31 per cent, and
element “C” to 60.5 per cent.

This sample yielded, Gymnosperm-nine
genera (43 per cent of the total); Dico-
tyledon-14 genera and four subgenera
(44 per cent); Monocotyledon-three fami-
lies and one genus (8 per cent); spore-
only two genera, namely, Lycoposium

and Polyadosporites (4 per cent).

And from the viewpoint of the pal-
aeoecological environment, the upland,
mixed-slope and stream-side elements
amount to 13 per cent, 60 per cent and
27 per cent respectively.

Sample 4

Sample 4 belongs stratigraphically to
the middle horizon of the upper part of
the Hijirikawa Member, and was col-
lected from an outcrop of Locality No.
4, situated at about 1,300 meters east of
the Shikinami Station of the Japanese:
National Nanao Railway. From this.
composite samnle, Pinus, Abies and
Metasequoia belonging to the Gymno-
sperm (eight genera and one family)
were found, they amount about 48 per
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cent; Dicotyledon-11 genera and four
subgenera (30.5 per cent) ; Monocotyledon-
three genera (4 per cent); and two in-
determinable pollen grains. Among
them, Pinus is very abundant, reaching
15 per cent of the total frequency. Its
frequency shows the highest concent-
ration in this mixed sample. Abies be-
longing to one of the plants of a cooler
or cold region, is abundant, amounting
to 13 per cent of the total frequency.
Metaequoia is frequent, being 8 per cent.
Tsuga, Taxodiaceae without warm ele-
ments, Fagus sp. 2, Tilia and Pleuricel-
laesporites are common, ranging from, 4
per cent to 6 per cent. The component
“A” “B” and “C” are respectively 14
per cent, 13 per cent and 73 per cent of
the total. The plants denoted by “C”
which are distributed widely in the pre-
sent cool temperate zone gradually in-
crease in comparison to others as shown
in Fig. 3, and on the other hand the
warm elements denoted by “B” gradu-
ally decrease.

The plants growing in the upland en-
vironment amount to 28 per cent of
the total frequency, and the mixed-slope
and stream-side elements are 51 per cent
and 21 per cent respectively.

Sample 5:

The composite sample from Locality
No. 5, situated at about 1,500 meters
south of Oginoshima, occupies strati-
graphically the uppermost horizon of
the Hijirikawa Member. In the sample,
Abies is a very abundant, its frequency
being 16 per cent. Pinus and deciduous
Quercus are abundant, and Liquidambar
and Podocarpus are frequent, and the
other genera are common. Gymnosperm,
Dicotyledon, Monocotyledon and spores
are respectively 38 per cent, 38.5 per
cent, 10 per cent and 11.5 per cent. The
A, B and C elements amount to 13 per

cent, 25 per cent and 62 per cent re-
spectively. The upland, mixed-slope and
riparian plants are respectively 16 per
cent, 64 per cent and 20 per cent of the
total frequency.

Sample 6 :

As shown in Fig. 1, the mixed sample
was collected from Locality No. 6, at
about 1,300 meters east of the Shikinami
Station. The sample belongs to the
lowermost horizon of the Early Pliocene
Oginoya Member. From the composite
sample, Metasequoia, Abies and Pinus
are- abundant in frequency, amounting
to 13 per cent, 12 per cent and 11 per
cent respectively, namely, the pollen
flora of this horizon is represented. By
Metasequoia and Abies. Tsuga and Fagus
sp. 2 .are frequent, and the others are
common. Gymnosperm, Dicotyledon,
Monocotyledon and spores are 52.5 per
cent, 37.3 per cent and 7.5 per cent re-
spectively. The A, B and C components
amount to 19 per cent, 30 per cent and
51 per cent respectively.

It is noteworthy that the pollen grains
of Ligquidambar are found from this
horizon of the Early Pliocene Oginoya
Member. ’

The upland, mixed-slope and stream-
side elements are respectively 21 per
cent, bb per cent and 24 per cent.

(5) Discussion

A general interpretation is made of
the physical conditions prevailing during
the growth of the sedimentary basin in
which the flora was found on the basis
of an analysis of the fossil spores and
pollen grains. In this section, the writer
will be given a discussions on the palae-
oclimatic condition, palaeogeographical
environment and geological age of the
stratigraphical units based upon the
palynological and field researches.
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(a) Palaeoclimatic Condition

From: the analysis of the pollen grain
and spore assemblages, that is to say,
on the basis of the association of their
dominant genera and/or species the
general characters of the palaeoclimatic
condition can be presented. The methods
for analysing the assemblages for
palaeoclimatic interpretation have been
proposed by ERDTMAN (1954), FAEGRI
and IVERSEN (1963) and the writer (Fuji,
1969a and 1969hb).

According to. the writer’'s investiga-
tion, as shown in the triangular diagram
(Fig. 4), quadrilateral diagram (F'ig. 5),
the warm and subtropical plants denoted
by “B” in Fig. 4 such as Liquidambar
and Metasequoia found from the Hijiri-
kawa and Oginoya Members are much
less than those from the Yamatoda and
Sunagozaka Members which correspond-
ed to the Daijima age of the Middle
Miocene Epoch in number of specimens,
namely the latter contains from 61 per
cent to 85 per cent of the total frequency,
and the former only 30 per cent to 50
per cent. This result is closely simi-
lar to the analytical result on the fossil
pollen assemblage from the Hojuji and
I’ida diatomaceous mudstone Members
(Fuji, 1966) which are situated in the
northern part.of Noto Peninsula. How-
ever, with respect to the cool and cold
elements found in the pollen-floras as
the Wakura and Yamatoda floras, the

elements. from the Hijirikawa Member
amount to, 10 per cent to 24 per cent of
the total frequency, though the elements
found in the Oginoya Member is 20 per
cent of the total frequency.

With respect to the relative frequency
of the warm temperate and subtropical
climatic elements found throughout the
Hijirikawa Member, it can be said that
higher the horizon is, the lower the
frequency becomes. On the other hand,
it is important and interesting that the
higher the -horizon is, the higher the
frequency of the cool and/or cold ele-
ments becomes. :

Comparison between the fossil plants
and the living equivalents whose cli-
matic requirements are known is fre-
quently used for climatic analysis of a
fossil flora. Where the modern relation-
ships are known definitely, this method
is probably useful for accurate infor-
mation. ‘The Neogene species are com-
paratively modernized in morphological
features, so it is not difficult to compare
them with their living equivalents with
some exceptions. The genera composing
the Neogene floras in the Japanese
Islands are mostly distributed now in
Fast Asia, and nearly all of the tem-
perate Dicotyledons genera in the fossil
flora are now growing in the Japanese
Islands. And exotic genera are some-
times common in the fossil flora. The
exotic coniferous genera as Metasequoia,

Table 2. Modern equivalents of the fossil microplants from the Hijirikawa
and Oginoya Members and their modern distribution.

Modern Distribution
1: Saghalien and Kurile Is., 2: Hokkaido, 3: Northern Honshfi, 4:
Central Honsh(i, 5: Southwestern Honshd, 6: Ky@shéi and Shikoku,
7 : Formosa and Loochoo Is., 8: Korea, 9: North China, 10: Central
China, 11: Southeastern China, 12: Southwestern China, 13: Man-

churia and Primorskaya Prov.

U: upland, M: mixed-slope, R:

Habitat
riparian and stream-side
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Glyptostrobus, Sequoia, Pseudolarix and
Keteleeria are found throughout the
Neogene floras of the Japanese Islands,
and they are now mostly living in China,
and some of them are known in the
western part of North America.

The nearest living equivalents of the
pollen-floras from the Hijirikawa Mem-
ber and their modern distribution in
East Asia are shown in Table 2.

According to this table, the Hijirikawa
and Oginoya pollen-floras consist mainly
of the temperate genera with some warm
climatic elements. The dominant genera
among the temperate flora are Alnus,
Fagus, Castanea, Quercus, Ulmus, Zelkova,
Acer and Tilia. Their modern equivalent
species are mostly distributed in the
Japanese Islands proper, especially in
the northern part of Honshii and Hok-
kaidé. Further, the pollen-floras from
the Hijirikawa and Oginoya Members
sometimes contain many exotic conifers
such as Metasequoia (or Cunninghamaia,
Taiwania, Glyptostrobus) and Liquidambar
of the Dicotyledons, though the exotic
conifers are not abundant in number of
specimens and are rather relicts which
survived from the previous Middle Mio-
cene Epoch. Thus, according to the
writer’s research, the pollen floras from
the Hijirikawa and Oginoya Members
are composed of mixed temperate and
warm elements in floristic composition
as already described in the previous
part of this work.

From the viewpoint of leaf character
analysis reported on the Late Miocene
floras from various localities in the
Japanese Islands, these pollen floras are
related to the present temperate or
somewhat warm temperate forest now
growing in the central and southern
parts of the Japanese Islands, and they
seem to have grown under a warm
temperate climatic condition. However,

the reduction of warm and subtropical
plants evidently indicates that the tem-
perature had lowered in comparison with
that of the Middle Miocene Yamatoda
and Sunagozaka Members.

The Oginoya pollen-flora somewhat
resembles the forest now growing in
the central or northern parts of the
Japanese Islands. The floristic compo-
sition of the fossil floras of this stage,
Early Pliocene, varies by the localities,
so that the climate at that time shows
local difference. The predominance of
beech, deciduous oak, elm, birch found
from this flora, provide a basis for con-
cluding that the climate during the
Early Pliocene was temperate or rather
cooler temperate in most regions of
the Noto Peninsula. Furthermore, this
pollen-flora has comparatively abundant
coniferous trees, and the fact probably
indicates that the climatic conditions
were rather humid and the temperature
not so high during the summer season.
On the other hand, several warm climate
elements as Liquidambar, Cinnamomum
and Metasequoia are considered to have
been able to overwinter in the lowland
area.

Thus, from the Yamatoda or Sunago-
zaka (Fuji, 1969b) to the Oginoya pollen-
flora the Neogene pollen-floras of the
Hokuriku region seem to have gradually
changed in their vegetation being first
represented by lowland elements that
changed to a flora represented by moun-
tain elements without any considerable
change of generic association. This may
not be due to the elevation of the depo-
sitional site, but rather to the increased
cooling and aridity of the climatic con-
dition. In consequence of the lowering
of the temperature during the Hijiri-
kawa stage, the warm temperate or
subtropical plants had gradually mi-
grated to the lowland southern region of
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East Asia, whereas, on the other hand,
the mountain cool temperate elements
‘seem to have become dominant through-
out the Japanese Islands during the
Pliocene Epoch according to the present
writer’s and the other palaeobotanist’s
studies. ,

(b) Palaeogeographical Environment
- In order to facilitate the considerations
on the probable palaeogeographical en-
vironments under which some ancient
plants lived, the modern equivalents of
the fossil species can be grouped ac-
cording to their habitats into four types
‘of upland, mixed-slope, stream-side or
riparian, and lake or marshy elements.

The Hijirikawa and Oginoya pollen-
floras are in number of specimens mainly
composed of mixed-slope or mixed-slope
—riparian plants, and also contain up-
land—mixed-slope plants abundantly.
That is, these floras seem to represent
a mixed-slope to riparian forest. For
instance, in the assemblage from the
Hijirikawa Member the mixed-slope
plants amount to 60 per cent of the
total frequency, the stream-side and/or
riparian elements 23 per cent and the
remainder belong to the upland elements,
and with respect to the Oginoya Member
they are respectively 56 per cent, 34 per
cent and 10 per cent.

On the other hand, judging from the
palynological results, the lithofacies,
poor contents of planktonic foraminifers,
fossil diatom assemblages and diversity
in the thickness of the deposits, the sea
under which the Hijirikawa Member was
~deposited during the Late Miocene seems
to have been a strait in the Hakui-Hijiri-
kawa area in the southern part of the
Noto Peninsula, though the palaeogeo-
graphical environment in the Wakura-
Notojima area of the central part of
Noto Peninsula was a closed embayment
probably connected with the lagoon

during that age. The ‘palaeogeographi-

-cal environment during the Late Mio-

cene Epoch is shown in the palaeogeo-
graphical map in Fig. 7.

The frequency of grass-pollen grains
and spores, which are denoted by > NAP
in Fig. 6, has been generally concluded
to be related to the geographical environ-
ments. Accordingly, such presumption
on the marine terrain is supported by
that the frequency of the grass-pollen
grains and spores is about 15 per cent
in the Hijirikawa Member and 6 per
cent in the Oginoya Member, though
the non-arboreal pollen grains and spores
found from the Wakura and T’izuka
Members range from 36 per cent to 50
per cent and from 46 per cent to 52 per
cent respectively. Namely, as shown in
the palynological data mentioned above,
these data suggest that the sedimentary
basin where the non-arboreal pollen
grains and spores are abundant in a
relative frequency was situated near a
land and also was a more or less closed
embayment.

*Hakui (/
X Hljirlkn\(u

/’/ o
L Komatsu
o |

137°E

Fig. 7. The palaeogeographical map
during the sedimentation of the Hijirikawa
Member (the Otokawa stage of Late
Miocene age) (After Y. Kaseno, 1963).
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(¢) Geological Age

The correlation and age determination
of the Neogene floras have been fre-
quently done by the use of several
characteristic fossils and assemblages in
the Japanese Islands. On the basis of
the researches which have been done by
H. Yagg, E. Kon’'no, S. ENDO, S. OISHI,
K. Huzioka, H. Matsvo, K. Suzuki; T.
TANAI, and many other palaeobotanists,
TANAI classified the Neogene floras of
Japan into six types, considering the
floristic composition and components,
and with the geological ages indicated
by them. These types are in ascending
order the Ainoura (Earliest Miocene),
Aniai (Early Miocene), Daijima (Middle
Miocene), Mitoku (Late Miocene to Mio-
Pliocene), Shinjé (Early Pliocene) and
Akashi (Late Pliocene) types.

The Hijirikawa and Oginoya pollen-
floras are very similar in generic com-
position to the Mitoku-type flora. They
contain some exotic elements which are
found abundantly in the Middle Miocene
Noroshi and Yamatoda floras. These
exotic elements are commonly found in
the Late Miocene floras of Europe and
in the western part of the United States
of America, where modernized plants
are dominant. Thus, in comparison with
various floras of the Neogene in the
Japanese Islands and from the viewpoint
of the stratigraphical evidences of these
two members, the Hijirikawa and
QOginoya pollen-floras can be mnearly
correlated with the Mitoku-type flora.
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Explanation of Plate 21

Fig. 1. Picea, lateral view, 84 ¢ 5 Locality No. 6, Syuku, Oshimizu Town; the lower part of
the Oginoya Member ; EKZJ coll. cat. no. 20145. :

Fig. 2. Abies, oblique lateral view, 104 p; Locallty No. 6, Syuku, Oohlmlzu Town the lower -
part .of the Oginoya Member.; EKZ] coll. cat..no. 20146. o ;

Fig. 3. Pinus, oblique polar view, 64 u; Locality No. 2, near Mt. Suemorlyama Oshimizu
Town ; the lowermost horizon of the upper part of the Hijirikawa Member ; EKZJ coll.
cat. no. 20147.

Fig. 4. Pinus, polar view, a surface pattern structure of grain, 48 »; Locality No. 6, Syuku,
Oshimizu Town; the lower part of the Oginoya Member; EKZJ coll. cat. no. 20148.

Fig. 5. Pinus, polar view, a surface pattern structure of air-sack, 48 p; Locality No. 6, Syuku,
Oshimizu Town ; the lower part of the Oginoya Member ; EKZJ coll. cat. no. 20148.

Fig. 6. Pinus, polar view, 64 p; Locality No. 3, Oginoya, Shio Town; the lower horizon of
upper part of the Hijirikawa Member ; EKZ]J coll. cat. no. 20149.

Fig. 7. Metasequoia, lateral view, 26 p; Locality No. 4, Oginoya, Shio Town ; the middle hori-
zon of the upper part of the Hijirikawa Member ; EKZ]J coll. cat. no. 20150.

Fig. 8. Tsuga, polar view, 62p; Locality No. 2, near Mt. Suemoriyama, Oshimizu Town ; the
lowermost horizon of the upper part of the Hijirikawa Member ; EKZ]J coll. cat. no. 20151.

Fig. 9. Tsuga, polar view, 70 15 Locality No. 2, near Mt. Suemoriyama, Oshimizu Town ; the

_lowermost horizon of the upper part of the Hijirikawa Member ; EKZ]J coll. cat. no. 20152.

Fig. 10. Inapertipollenites sp., 54 p; Locality No. 6, Syuku, Oshimizu Town; the lower part
of the Oginoya Member ; EKZJ coll. cat. no. 20153.

Fig. 11. Taxodiaceae, lateral view, 36 z; Locality No. 6, Syuku, Oshimizu Town, the lower
part of the Oginoya Member; EKZJ coll. cat. no. 20154.

Fig. 12. Pleuricellaesporites sp:. a, lateral view ; Locality No. 2, near Mt. Suemoriyama, Oshi-
mizu Town ; the lowermost horizon of the upper part of the Hijirikawa Member; EKZ]J
coll: cat. no. 20155. :

Fig. 13. Pleuricellaesporites sp. b, lateral view ; Locality No. 2, near Mt. Suemoriyama, Oshi-

i mizu Town ; the lowermost horizon of the upper part of the Hijirikawa Member ; EKZ]J
coll. cat. no. 20156.

Fig. 14. Pleurzcellaespomtes sp. ¢, lateral view ; Locality No. 6, Syuku, Oshimizu Town ; the
lower part of the Oginoya Member; EKZ]J coll. cat. no. 20157. ‘

Fig. 15. Pleuricellaesporites sp. d, lateral view, 36 p2; Locality No. 4, Oginoya, Shio Town;
the middle horizon of the Hijirikawa Member ; EKZ]J coll. cat. no. 20158.

Fig. 16. Pseudotsuga, lateral view, 92 p; Locality No. 6, Syuku, Oshimizu Town; the lower
part of the Oginoya Member ; EKZ]J coll. cat. no. 20159.

Fig. 17. Pseudotsuga, lateral view, 100 x; Locality No. 5, Shikinami, Shio Town; the upper
horizon of the upper part of the Hijirikawa Member ; EKZ]J coll. cat. no. 20160.

Fig. 18. Hysterichosphaeridium sp., lateral view, 42 p; Locality No. 5, Shikinami, Shio Town ;
the upper horizon of the upper part of the Hijirikawa Member ; EKZJ coll. cat. no. 20161.

Fig. 19. Hysterichosphaeridium sp., lateral view, 64 p; Locality No. 6, Syuku, Oshimizu Town ;
the lower part of the Oginoya Member; EKZ]J coll. cat. no. 20162.

- Fig. 20. Hysterichosphaeridium sp., lateral view, 50 p; Locality No. 6, Syuku, Oshimizu Town ;
the lower part of the Oginoya Member; EKZ]J coll. cat. no. 20163.

Fig. 21. Hysterichosphaeridium sp., lateral view, 58 p; Locality No. 6, Syuku, Oshimizu Town;
the lower part of the Oginoya Member ; EKZJ coll. cat. no. 20164.
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Explanation of Plate 22

Fig. 22. Zelkova, polar view, 38 pu; Locality No. 1, Hijirikawa, Shio Town; the lowermost
horizon of the upper part of the Hijirikawa Member ; EKZJ coll. cat. no. 20165.

Fig. 23. Alnus, polar view, 30 z; Locality No. 3, Oginoya, Shio Town; the lower horizon of
the upper part of the Hijirikawa Member ; EKZ]J coll. cat. no. 20166.

Fig. 24. Myriophyllum, polar view, 37 p; Locality No. 1, Hijirikawa, Shio Town ; the lower-
most horizon of the upper part of the Hijirikawa Member ; EKZJ coll. cat. no. 20167.

Fig. 25. Carya, polar view, 48 p; Locality No. 5, Shikinami, Shio Town ; the upper horizon of
the upper part of the Hijirikawa Member ; EKZ]J coll. cat. no. 20168.

Fig. 26. Betula, polar view, 40 p; Locality No. 6, Syuku, Oshimizu Town; ‘the lower part of
the Oginoya Member ; EKZ]J coll. cat. no. 20169.

Fig. 27. Carya, polar view, 42 p; Locality No. 1, Hijirikawa, Shio Town; the 'lowermost hori-
zon of the upper part of the Hijirikawa Member ; EKZJ coll. cat. no. 20170.

Fig. 28. Tilia, polar view, 27 p; Locality No. 6, Syuku, Oshimizu Town; the lower part of
the Oginoya Member; EKZJ coll. cat. no. 20171.

Fig. 29. Cf. Tilia, polar view, 31 p; Locality No. 3, Oginoya, Shio Town; the lower horizon
of the upper part of the Hijirikawa Member; EKZJ coll. cat. no. 20172.

Fig. 30. Liquidambar, lateral view, 30 pz; Locality No. 6, Syuku, Oshimizu Town; the lower
horizon of the Oginoya Member; EKZ]J coll. cat. no. 20173. ‘

Fig. 31. Alnus, polar view, 24 p; Locality No. 4, Oginoya, Shio Town ; the middle horizon of
the upper part of the Hijirikawa Member; EKZJ coll. cat. no. 20174.

Fig. 32. Juglans, lateral view, 40 gz; Locality No. 2, near Mt. Su€moriyama, Oshimizu Town ;
the lowermost horizon of the upper part of the Hijirikawa Member ; EKZJ coll. ¢at. no. 20175.

Fig. 33. Cf. Juglans, lateral view, 42 p; Locality No. 3, Oginoya, Shio Town ; the lower hori-
zon of the upper part of the Hijirikawa Member ; EKZJ coll. cat. no. 20176.

Fig. 34. Corylus, lateral view, 28 p; Locality No. 5, Shikinami, Shio Town; the upper horizon
of the upper part of the Hijirikawa Member ; EKZ]J coll. cat. no. 20177.

Fig. 35. Nyssa, polar view, 35 p; Locality No. 4, Oginoya, Shio Town; the middle horizon of
the upper part of the Hijirikawa Member; EKZ]J coll. cat. no. 20178.

Fig. 36. Fagus, equatorial view, 32 p; Locality No. 6, Syuku, Oshimizu Town; the lower part
of the Oginoya Member ; EKZ]J coll. cat. no. 20179.

Fig. 37. Fagus, equatorial view, 30 p; Locality No. 6, Syuku, Oshimizu Town ; the lower part
of the Oginoya Member; EKZ]J coll. cat. no. 20180.

Fig. 38. Fagus, oblique polar view, 46 #; Locality No. 6, Syuku, Oshimizu Town; the lower
part of the Oginoya Member; EKZJ coll. cat. no. 20181.

Fig. 39. Fagus, oblique polar view, 40 g; Locality No. 4, Oginoya, Shio Town; the middle
horizon of the upper part of the Hijirikawa Member ; EKZ]J coll. cat. no. 20182.

Fig. 40. Fagus, oblique equatorial view, 32p; Locality No. 6, Syuku, Oshimizu Town; the
lower part of the Oginoya Member ; EKZJ coll. cat. no. 20183.

Fig. 41. Fagus, oblique equatorial view, 42 p; Locality No. 6, Syuku, Oshimizu Town; the
lower part of the Oginoya Member ; EKZ]J coll. cat. no. 20184.

Fig. 42. Fagus, oblique polar view, 40 p; Locality No. 6, Syuku, Oshimizu Town ; the lower
part of the Oginoya Member; EKZJ coll. cat. no. 20185.

Fig. 43. Quercus (deciduous), oblique equatorial view, 42 p; Locality No. 6, Syuku, Oshimizu
Town ; the lower part of the Oginoya Member ; EKZ]J coll. cat. no. 20186.

Fig. 44. Quercus (deciduous), equatorial view, 36 ¢; Locality No. 6, Syuku, Oshimizu Town;
the lower part of the Oginoya Member; EKZJ coll. cat. no. 20137.

Fig. 45. Quercus (evergreen), equatorial view, 23 p; Locality No. 6, Syuku, Oshimizu Town
the lower part of the Oginoya Member; EKZJ coll. cat. no. 20188.

Fig. 46. ? Tricolporopollenites sp., polar view, 32 p; Locality No. 6, Syuku, Oshimizu . Town;
the lower part of the Oginoya Member; EKZ]J coll. cat. no. 20189.

Fig. 47. Salix, polar view, 28 p; Locality No. 4, Oginoya, Shio Town; the middle horizon of
the upper part of the Hijirikawa Member ; EKZJ coll. cat. no. 20190.

Fig. 48. Monoletepollenites sp., equatorial view, 36 p; Locality No. 5, Shikinami, Shio Town
the upper horizon of the upper part of the Hijirikawa Member ; EKZ] coll. cat. no. 20191.

Fig. 49. Cf. Monoletepollenites sp., equatorial view, 33 p; Locality No. 5, Shikinami, Shio Town ;.
the upper horizon of the upper part of the Hijirikawa Member ; EKZ]J coll. cat. no. 20192,

Fig. 50. Chenopodium, equatorial view, 34 p; Locality No. 1, Hijirikawa, Shio Town; the
lower horizon of the upper part of the Hijirikawa Member ; EKZ]J coll. cat. no. 20193.
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