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Introduction

Some diatomaceous deposits occur at
different stratigraphical horizons in the
Tertiary (Neogene) System distributed
in the northern and central parts of
Noto Peninsula, Ishikawa Prefecture,
Central Japan.

The diatomaceous deposits of Noto
Peninsula are classified into four hori-
zons, ranging from the Middle to Late
Miocene in age. These four horizons
differ from one another in their environ-
mental conditions, namely, one is non-
marine in origin, whereas the other
three are marine. The most conspicuous
horizon is represented by the marine
diatomaceous mudstone of the Late
Miocene age. The diatomaceous deposits
in Noto Peninsula are distributed in
main three areas of Nanao-Nakajima,

* Received Sept. 30, 1968 ; read November
18,1961, at the 80th Meeting, the Kyushu Uni-
versity, Fukuoka; contribution from the Insti-
tute of Earth Science, Faculty of Education,
Kanazawa University, New series No. 7.

Suzu, Wajima areas.

The present writer has been studying
the fossil pollen grains and spores found
from the diatomaceous deposits of Neo-
gene age in the Hokuriku region since
1960. The present article is the first
report on the palynological researches
of the diatomaceous deposits and treats
the pollen grains and spores collected
from the Late Miocene Wakura Member
near Nanao City in the central part of
Noto Peninsula.

The scope of the investigation based
on the microfossils is the systematic
determination of the microfossils, the
palaeoclimatic condition and palaeogeo-
graphical environment under which the
Wakura Member was deposited in the
Late Miocene. Further, correlation and
comparison of the conditions and en-
vironment of the Wakura Member with
the Hijirikawa, Tsukada and Tizuka
diatomaceous Members distributed in the
central and northern parts of Noto Pen-
insula are also undertaken.
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Outline of the Geology

Many diatomaceous mudstones of Neo-
gones age are distributed widely in the
central and northern parts of Noto
Peninsula. They are mainly composed
of homogeneous silty mudstone charac-
terized with the dominance of fossil
microorganisms. In the central part of
the peninsula, the diatomaceous deposits
are distributed locally, and their rock-
" facies are variable, especially around Mt.
Sekidd-san near Nanao City. In the
northern part of Nanao the Neogene
deposits which overlie the Anamizu
Andesite Group with unconformity are
classified into six members in ascending
order as follows: the Akaura sandstone,
Nanao calcareous sandstone, glauconitic
sandstone, Wakura diatomaceous mud-

stone and Kojima sandstone Members
overlain with unconformity by Pleisto-
cene deposits.

These strata are distributed in and
around Wakura and in the adjacent areas
of Nanao City in the central part of
Noto Peninsula. Each stratigraphic units
is below, in ascending order.

The Anamizu Formation: This for-
mation is distributed locally along the
western coast near Wakura and also in
the area south of Okuhara. It is gen-
erally classified into two parts, namely,
one is of pyroxyne andesite or horn-
blende pyroxyne andesite, and the other
consists of andesitic pyroclastic rocks
intercalated with dacitic tuff layers.
This formation may be Early Miocene
in geological age.

- - — unconformity - --

The Akaura sandstone Member: In
areas of Nanao, Takahama and Mt. Bij6-
zan, an arkose sandstone derived from
granite, which may be correlated with
the Hida metamorphic complex, is dis-
tributed widely. It is named the Akaura
sandstone Member near Nanao City.
This member consists of a yellowish
gray coarse-grained sandstone with
granule sandstone showing remarkable
cross lamination structures. The mem-
ber has vyielded a fossil mollusc as
Patinopecten kagamianus permirus. The
thickness of this member is about 200
meters.

— interfigering with the upper
part of the Akaura Member —

The Nanao calcareous sandstone Mem-
ber: The upper part of the Akaura
Member interfigers with the calcareous
sandstone, which is named the Nanao
calcareous sandstone Member. This
member occurs locally at Iwaya, Hoso-
guchi and Osugi-zaki in the limits of

NII-Electronic Library Service




[2p)]

om the Neogene of Noto-I

Spores and Pollen fr

548.

‘senyreoo] Sundwes g ‘sY001 011Se[O0IAd OIJISOPUE PUE 93ISOPUY :§ ‘IDQUISTN QUOISPUBS BINBYY
t) ‘I9QUSJA] SUOISPUES SNOIIBI[BD OBUBN :Q ‘OUOISPUBRS OMIUOONE[S :¢ ‘TOQUIDJAl SUOISPNW SNOSIEWOIRIP BINYBAM 7§ ‘IOQWO OU0ISIIS
‘(dno¥sH HOVVEASTY AUVNIALVAY NMINNASNOH PUB VIONVLIY X IS0V "L
‘1fng "N 191je ‘€967 ‘oNaSVY "X £q porrdwo)) uede[ ‘ensurusd 030N jo 3Jed [eIjusd ‘eele oeueN oU3 jo dew [eoiSojoen) T 'Sig

ewifoy ¢ ‘sysodop owed03sIold (g ‘siisodop U0 T

\J

Y

INVZ~-19NSQ

aN3937

0001

IAVZIHSI

A\

D

@
.-"0

AmX%v

T s TR, g8ty

O T
L SRIKE

oS K

X KR

D>
,0
o

I

"l
o
ﬂ

VAVHNNNZYL \\\\

|
!

/\|\M\\J/

\

/

. — - —
é

1YIPVMYN Y

NelS

NII-Electronic Library Service



Norio FUJI

NII-Electronic Library Service

ey nzjwouy nzwouy Sulom| owfing susooy  Aup3
opiboun,
PIBOURA T T T T T T T
DIDYOUDN 0 foi
3 A DS o DRelY 1UDpas0INYy DMDSOINYIYSIN
1Duu-ysobiy 8UBJ0IN
nbulyg alppi
ooy
W qew joip_iinlop,, DPOWDH I oyssaqysobiy omobouug
_ «Jequisw  BuojSpIUW *§Spuos
% snoaapwooip  Dpl|,| SNO24D3|DD  ODUDN DWINYOUO)
ajluoono)b ajuoono(b DIOH
A A ,OIYSDSDY DMDYDUN 4
oinzif Do |
BUB00IN
! DMOXUIfIH, omoboio 207
S
I4DSOAY 0IN0YIY
phouibp
owtfoy m WIH OJowi DM
owfl
R0 8UB00I|g
nfuoy oMDYIGIYS
L
0olD uobay nyisnYoOH ubdpp  yjoN oby
Daip  nzng Dai0  pwi[oyoN oai0  omoyuLIliH uf UOISIAIp Ul SP|31J110 BY4 JO UOISIAIP 6
ouifojoN — Dimiop oiydpibyIyS  paDpUD}S | OYdDIBLOLS PIDPUDYS [patbojoag
'$310dop SNOJOBWOIBIP e s
‘uede[ [RIIUL)) ‘R[NSUIUQJ OJON UI PIINGIISIp $3180dop snoodewolRlp AIRIIIDT, SU9S09N 9Y3 JO 9[qe} UONR[RII0) ‘T 9qe]



548. Spores and Pollen from the Neogene of Noto-I 5

Nanao City. Most of the sandstone
member consists of granule and coarse-
grained sandstone. Fossils are very
abundant, namely, sponge spicules, bryo-
zoa, smaller foraminifers as Nonion pom-
Dilioides, Angulogerina hughesi, Cassidu-
lina margareta, Cibicides sp., Fissulina
8p., Lagena apiopleura, Nonion nicobar-
ense, Rotalia sp., Uvigerina sp. etc., mol-
luscs as Patinopecten kagamianus per-
mirus,  Miyagipeclen — matsumoriensis,
Nanaochlamys notoensis, Chlamys cras-
siwenia, brachiopods as Terebratella cor-
eanica, T. gouldi, Terebratulina japonica,
T. crosset, T. peculiaris, Terebratella nip-
ponensis, Laqueus rubellus, Coptothyris
grayi, and Hemilhyris psittacea etc. are
known to occur.

—— conformity ——

- The glauconitic sandstone Member :
‘This member is distributed in the Saki-
vama, Nanao and Noto-jima areas. It
represents the earlist phase of the Oto-
kawa stage of which age is considered
to be the Middle Miocene generally con-
sists of a glauconitic sandstone, in which
flinty shale is intercalated and this sug-
gests an interruption of sedimentation
or a diastem. These glauconitic sand-
stones or shales are thought to have been
deposited on a shallow sea bottom and
they-have yielded abundant remains of
a silicisponge such as Aphrocallistes sp.
and a mollusc called Chlamys crassivenia.
—— conformity ——

The Wakura diatomaceous mudstone
Member: This member has been studied
by Takuji Ocawa (1908), Yanosuke
OTUKA (1935) and Yoshio KASENO (1963)
from the viewpoint of stratigraphy.
The Wakura Member is distributed loc-
ally in the areas of Wakura, Okuhara

and Ishizaki in the northern part of. .

Nanao City. The Entsunagi mudstone
Member, which is distributed at Han’no-

ura, Suso, Sanami and Koda of Noto-
jima Island near Nanao City, coresponds
to this member. The rock-facies is gen-
erally a homogeneous yellowish brown
on a weathered surface and a bluish
gray on a fresh surface diatomaceous
mudstone. The fossils from the member
are diatoms as Actinocyclus flos, Actinop-
tychus senarius, Arachnoidiscus ehren-
bergit, Coscinodiscus subtilis, C. lineatus,
C. marginatus, and Stephanopyxis turris,
sponge spicules and pollen grains. " This
member is about 80 meters in thickness.
The member developed in the Wakura
area forms a small basin structure.

- — —unconformity - - -

The Kojima sandstone Member: The
member is developed locally in the map-
ped area, that is, it is distributed from
near Kojima and Iwaya to the northwest
of the Nanao Station. This sandstone
member overlies with unconformity the
Akaura sandstone and Nanao calcareous
sandstone Members, and is a light bluish
gray or grayish yellow silty sandstone .
containing abundant ‘- remains. Fossil
molluscs from the member are such as
Turritella saishuensis wmotidukii, Nep-
tunea sp., Epitontum angulatosimile, Den-
talium sp., Pecten spp., Astarte hakoda-
tensis, Cardium, sp., and foraminifers as
Angulogerina hugesi. ‘This member at-
tains about 100 meters in thickness.

- - —unconformity - - -

- The Quaternary deposits of this dis-
trict are classified into five units, name-
ly, the Takashina, Okuhara, Nishiminato,
Tokuda gravel Members and Holocene
deposits in ascending order.

The Takashina Member which yielded
such marine molluscs as Cerilbideopsilla
cingulata, C. djadjariensis and Tegillarca

- granosa var.-in its middle horizon may

be correlated with the Kamitako Member

"(Middle Pleistocene) in the Himi district
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of Toyama Prefecture. It is noteworthy
that the marine environment during the
Middle Pleistocene along the Japan Sea
coast is well represented in the Taka-
shina Member. '

The Okuhara Member including the

Wakura-eki shell bed is classified into
two members, that is, the lower or mud
submember and the upper or sand sub-
member. Marine molluscs as Scapharca
satowi, Dosinella penicillata and Paphia
undulata, and marine diatoms such as
Coscinodiscus were found from the lower
submember. A study of the deposits
reveals that there occurred cne major
marine transgression which attained a
maximum rise of 50 meters above the
present sealevel during the Late Pleisto-
cene, probably due to the glacial eustatic
movement called the Hiradoko phase in
the Hokuriku region. This phase can be
correlated with the Shimosueyoshi phase
of the Kwanto region, Central Japan.
The Nishiminato Member is divided
into two submembers: the lower or mud
and upper or sand submembers. The
lower part of the mud submember pre-
serves wood stumps and plant remains

as Trapa macropoda, Alnus japonica and.

Juglans mandshurica, which indicate a
marsh environment. Molluscs and dia-
toms of marine origin are found in the
upper part of the mud submember, which
may be correlated with the lower part
of the Okuhara Member.

The Tokuda gravel Member is a non-
marine deposit, the age of which is
judged to be the ‘Latest Pleistocene
(Wirm glacial age).

Palynological Reseafch

(1) Foreword

As already stated different kinds of
diatomaceous deposits occur in the Noto
Peninsula, and there have-yielded abun-

dant microfossils as diatoms, flagellates,
foraminiferes, pollen grains and spores.
Although several papers have been pub-
lished on the deposits, there were con-
centrated to stratigraphical investiga-
tions, and no literature has appeared
concerning the fossil pollen grains and
spores until comparatively recently. The
writer has been studying the diato-
maceous mudstone members, and pre-
vious works have been summarized
(Fujr, 1964, 1966 & 1968) on the Early
Miocene Yamatoda, Middle Miocene Ho-
juji and I'ida, and Late Miocene Hijiri-
kawa, I'izuka and Nakayama-toge Mem-
bers.

The purpose of the present study is.
to interpret the significance of the pollen
grains and spores from the samples col-
lected from the Late Miocene Wakura
Member, mainly in terms of palaeocli-
matic condition and palaeogeographical
environment. These records, which are
thought to reflect, in a relative manner
in general, the fluctuation of atomo-
spheric temperature in the southern
part of Noto Peninsula during the Late
Miocene to Pliocene, is. based on the
criteria gained by the writer during his
about ten years palynological researches.

The samples taken by the writer in
collaberation with NOHARA and KiTA-
MURA, serve as an example for the ap-
plication of the criteria for the pollen
grains analysis of the samples from
Central Japan.

(2) Sampling, Preparation of Materials
"and Method of Study
Among the samples analysed six (Sam-
ple nos. 1-6) were collected by the writer,
KiTAMURA and NOHARA in the summer
season of 1961. The other samples (7a-
7c and 8a-8g, ten samples in total) were
obtained from two wells drilled for the
research of the diatom earth distributed

NII-Electronic Library Service
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maceous deposits (After W. Icuikawa & Y. KaseEno, 1963).

Geological outline of Noto Peninsula and distribution of diato-

1: (denoted

by a few spot) Pliocene series, 2: Upper Miocene series, 3 : Middle Miocene
series (sedimentary rocks), 4: Middle Miocene series (pyroclastic rocks),
5: Lower Miocene series, 6: Pre-Tertiary system (granite & gneiss), 7:

diatomaceous deposits: Z:

I’'izuka Member,

T: Tsukada Member, W:

Wakura Member, D : I'ida Member, H : Hojuji Member, Y : Yamatoda Member.

widely in Noto Peninsula.  The sampling
localities and stratigraphical horizons in
the Wakura Member are shown in Figs.
1 and 3.

Of the sample collected from outcrops,
one sample consisted of three to five

pieces of rock ever collected at random
along the length of one meter, measured
parallel to the stratification of the mem-
ber. These rock pieces were mixed
together to form a composite sample,
which is taken here to represent the

NII-Electronic Library Service
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Columnar section showing the sampling horizons of the Wakura
diatomaceous mudstone Member.

- Fig. 3.

outcrop. The present study is based on
the composite samples. Many rock sam-
ples and separate specimens for refer-
ence at the writer’s disposal, materially
facilitated the present work in checking
the distribution and confirming the identi-
fication of the pollen grains and spores.

The analytical procedure of the sam-

ples is the same as was stated previously
by the writer (Fuji, 1965). The com-
posite samples were treated by the
NaOH-HF-acetolysis method.

To record the position of a specimen
in the slide for taxonomical and biostrati-
graphical studies, Maltwood’s finder or
England finder were used to register the

NII-Electronic Library Service



548. Spores and Pollen from the Neogene of Noto-I 9

necessary specimens in this investiga-
tion.

The specimen registered in this study
can be easily brought under the micro-
scopic field whenever necessary by plac-
ing the slide which includes the speci-
men registered with the finder. The
counting is made along the chosen lines
with use of a mechanical stage and
finder. All of the specimens which ap-
peared while traversing the slide along
the chosen line are observed and count-
ed. The counting is continued until 200
specimens are identified and counted.
When the specimens counted from one
slide are less than 200, the counting is
proceeded on another slide prepared
from the same sample to count a total
number of 200. Therefore, more than
10 slides must be prepared from each
sample to count 200 specimens.

The frequency of each genus obtained
by the count of 200 specimens from
every sample is recorded on the distri-
buted diagram. All of the stream slides
are examined under the same magni-
fication of 600 times in counting.

The slides counting the registered
specimens are deposited in the collection
-of the Institute of Earth Science, Faculty
of Education, Kanazawa University (re-
gister abbreviation: EKZJ), Kanazawa
City, Ishikawa Prefecture, Japan.

(3) Description of the Pollen and Spore
Assemblages

(a) General Statement

The present flora is composed of the
:species which are adapted to the phy-
sical phenomena which constitute the
environment. But the fossil assemblage
of any locality may be the total accu-
mulation composed of a biocoenosis
and/or a thanatocoenosis. Therefore, to
interpret the geological and palaeoeco-

logical significances of the fossil assem-
blage it is necessary to make an analysis
of the fossil composition from the view-
point of the presence or absence, abun-
dancy and distribution of every climatic
element to know the palaeoclimatic con-
dition and palaeogeographical environ-
ment at the time of deposition.

(b) Stratigraphical Relations of the
Samples

‘The localities of the samples studied
are widely distributed in the present
field and the depths from the surface in
the wells drilled may be correlated to
the exposures on the surface. They can
be illustrated as a columnar section and
for the sake of convenience are called
horizons in this work. Here, the term
horizon is used to denote the same or
nearly same stratigraphic position or
level within the stratigraphic unit.

The samples analysed in the present
work can be classified into 13 horizons
shown as the columnarl section (Fig. 3).

(c) Description of Assemblages

The assemblage of the fossil pollen
grains and spores found from the an-
alysed 16 samples is shown in Figs. 4-8,
and is explained as follows in ascending
order.

Sample 1: This sample which belongs
to the lowermost horizon of the Wakura
Member. It yielded, Gymnosperm-four
genera and one family; Dicotyledon-12
genera and two subgenera; Monocotyle-
don-two families and one genus; and 4
genera of spores. Among them, Pinus
and Gramineae are abundant, 119 in
frequency, being the highest concentra-
tion in this composite sample. Quercus
(evergreen), this genus includes two
types, one is of large size and the other
of small size based on the diameter of
grain, the latter belongs to the evergreen
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62. Gymnosperm appers with a high
rate of 23¢9, and Dicotyledon, Monocoty-
ledon and Pteridophyta are respectively
type, and attains 625. Juglans and Myrio-
phyllum are common, both being about

Norio FUJI

4694, 1495 and 29%. Metasequoia, Cunn-
inghamia, Glyptostrobus, Taiwania, the
evergreen Quercus and Liquidambar are
the representative. plants of a warm
temperate and subtropical region and

ossll

Localities
microplants

Pinus
Piceat+Abies
Larix
Taxodioceae
Salix
Ulmus
Quercus {:Zﬁ’gg";"
Alnus
Celtis
R R R o
Juglans
Pterocarya
Corylus
LAeer il
Castanea
Carya
Zelkova
Menyanthes
LStyrox . m
Myriophylium
Carpinus
Titia
Liquidambar
L FPersicaria ...
Gramineae
Nuphar
Nymphoeaceae
Lycopodium + Osmunda
Pteridium
Pleuricellaesporites
Polyadosporites

Fig. 4. Pollen diagram (1) of

Member.

the Wakura diatomaceous mudstone

Numbers refer to Figs. 1 and 3.
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Salix
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Quercus
Alnus

Juglans
Pterocarya
Corylus
Acer

Carya
Zelkova
Menyanthes
Styrax

Carpinus
Tilia
Liquidamban
Persicaria

Nuphar
Nymphaeaceae
Lycopodium+0Osmunda
Pteridium
Fleuricelloesporites
Polyadosporites
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Fig. 5.

Pollen diagram (2) of the Wakura diatomaceous mudstone Member.
Numbers refer to Figs. 1 and 3.
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548. Spores and Pollen from the Neogene of Noto-I 11

are denoted by “B” in Fig. 6. Pinus,
Tsuga, Taxodiaceae without the warm
elements mentioned above, the deciduous
Quercus, Zelkova, Fagus, Salix, Juglans,
Castanea, Tilia and Ilex are the repre-
sentative plants of the temperate to cool
temperate regions analogous with the
Hokuriku region (indicated- by “C” in
Fig. 6). Also admixed in the composite
sample are Abies, Picea, Fagus, Betula
etc., the representative plants of the
cooler to cold regions (indicated by “ A ”
in Fig. 6). According to the result, “A”
appeared with a very low frequency
of 7% in total. On the contrary, the
plants of the warmer type denoted as
“B» and the cool temperate type “C?”
are respectively 162 and 77% in fre-
quency. The frequency of the spore
which certainly belongs to Pteridophyta
is as high as that of an originary marine
deposit, being 102. The frequency of
the plants of the warm temperate and
subtropical regions gives the highest
ratio in the treated sample. The pheno-
mena seem in the composite sample will
be explained in later pages on the dis-
cussion on the palaeoclimatic condition
and palaeogeographical environment.

To facilitate considerations on the
ecological environments under which
some ancient plants lived, the modern
equivalents of the fossil species are
grouped into four habitats, namely up-
land, mixed-slope, stream-side or riparian,
and lake or marshy elements. From the
viewpoint of the above mentioned signi-
ficant statistics the fossil pollen grains
and spores from this composite sample
can be classified into upland, mixed-slope
and stream-side elements, occupying re-
spectively 18%, 38% and 449 of the
total.

Sample 2 : The composite sample yield-
‘ed one genus and one family of the

Gymnosperm (23%), 17 genera and two
subgenera of the Dicotyledon (60%), one
genus and two families of the Mono-
cotyledon (9%), three genera of the
Pteridophyta and two genera of the .
other groups (19 and 72 respectively).
Among them, Pinus and Taxodiaceae
are abundant (139 and 10% respectively).
Ulmus, Juglans, Zelkova and Carpinus
are common (5% to 6%). The other
genera and families are rare in fre-
quency. The boreal elements attain 5%,
the temperate ones 87% and the others
indicated by “B” in Fig. 6 about 8%.

The fossil pollen grains and spores
found from the composite sample are
divided into three groups based on the
habitat as follows;

upland element.................. 2024
mixed-slope element ............ 52¢%
stream-side and/or riparian

element ......... i, 289
Sample 8g: The sample was taken

from the well drilled at Locality No. &
situated about 150 meters northwest of
the Wakura Station. A depth of the
sample is about 35 meters below the
present ground surface. The analysed
sample contains three genera and one
family of the Gymnosperm (16%), 17
genera and two subgenera of the Dico-
tyleden (669), two genera and one
family of the Monocotyledon (8%), and
three genera of the Pteridophyta and
two genera of plants lower than Pterido-
phyta (respectively 8% and 10%).
Among the pollen grains and spores
found from the sample, Pinus is abun-
dant (10%). It is noteworthy that Liqui-
dambar and evergreen Quercus as the
representative plants of warm elements
are 82 and 79 respectively in frequency.
The other genera and families are few,
ranging from 1925 to 6%. The boreal
(indicated by “ A »), warm (indicated by

NII-Electronic Library Service




12 Norio FUJI

“B”) and temperate (indicated by “C?”)
elements are respectively 495, 219 and
759. As the mentioned previous in the
description, the relative frequency of the
warm climatic elements obtained from
this sample is higher than those from
Samples 1 and 2. On the other hand,
the upland, mixed-slope, and stream-side
and/or riparian elements are 1795, 38%
and 459 respectively.

Sample 8f: Although the locality of
this sample is similar to that of Sample
8g, its depth is about 30 meters below
the present ground surface. This sample
yielded three genera and one family of
Gymnosperm (169), 12 genera and two
subgenera of the Monocotyledon (1225),
and three genera of the Pteridophyta
and two genera belonging to another
group (8% and 139 respectively). Pinus,
Taxodiaceae and evergreen Quercus are
abundant (respectively 109, 82 and
7.59). Liquidambar is the representative
plant of warm element (79). For this
sample the relative frequency of warm
components is higher than those from
some higher horizons. Namely, the
boreal, warm and cooler temperate ele-
ments are 99, 19% and 729 respec-
tively. The wupland, mixed-slope and
stream-side elements are 2195, 429 and
3795 respectively.

Sample 7c: This sample is from the
well drilled at Locality No. 7 situated

about 100 meters north of the Wakura

Station. The depth of the sample is
14.50-14.77 meters below the present
ground surface. The sample yielded
three genera and one family of Gymno-
sperm (15%), 13 genera and two sub-
genera of Dicotyledon (382%), two genera
and one family of Monocotyledon (122%),
three genera of Pteridophyta and two
genera belonging to the plants lower

than Pteridophyta which shows 1295 and
695 respectively. Among them, Pinus is
abundant (10%). Alnus, Liquidambar
and Osmunda are common, being 625 in
every genus. The other genera and
families are rare (1% to 4%). Liqui-
dambar is the representative plant of
warm component but amounts to 3%.
The cold or subalpine, warm and tem-
perate elements are respectively 132,
13¢5 and 749. The upland, mixed-slope
and stream-side and/or riparian elements
are 239, 549 and 232 respectively.

Sample e: The sample is from the
well drilled at Locality No. 8, and its
depth is 25 meters below the present
ground surface. The sample yielded
four genera and one family to the Gym-
nosperm (209), 18 genera and two sub-
genera of Dicotyledon (549), two genera
and one family of Monocotyledon (102),
three genera of Pteridophyta and two
genera belonging to the plants lower than
Pteridophyta, attaining respectively 6%
and 10¢;.

The relative frequency of Pinus, Taxo-
diaceae and Polyadosporites are 109, 7%
and 6.59 respectively. Evergreen
Quercus, Gramineae, Nympaceae, Lyco-
podium and Osmunda are common (5%
to 6%).

The boreal, warm and temperate ele-
ments are respectively 995, 162 and
759%. 1In connection with the palaeogeo-
graphical environment the stream-side
and/or riparian, upland and mixed-slope
elements are 349, 529 and 149 respec-
tively.

Sample 7b: From this sample, of
which the locality is similar to Lolality
No. 7, Pinus is abundant, being 10%.

The genera of common frequency are
Taxodiaceae, Alnus, Gramineae, Pteridium
and Polyadosporites, being about 6% to
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7%. Picea, Abies, Fagus, Salix, deciduous
Quercus, Belula, Acer, Liquidambar, Per-
sicaria, Nuphar, Lycopodium and Osmunda
are of rare frequency, and the other
genera are very few. Gymnosperm in-
cludes Pinus, Picea, Abies, Larix and
Taxodiaceae (about 209). Dicotyledon
containing mainly Alnus, Myriophyllum
and Liquidambar etc., Monocotyledon and
Pteridophyta respectively 4495, 109 and
8%. The boreal, temperate and warm
elements are respectively 169, 89 and
769.

The upland, mixed-slope and stream-
side components are 189, 509 and 32¢
respectively.

It is noteworthy that the relative fre-
quency of the warm climatic elements
such as Ligquidambar and evergreen
Quercus which occurred from the hori-
zons higher than that of Sample 7b is
lower than that of the other horizons.
In the horizon lower than that Sample
7b- the warm climatic elements show
frequency higher than that of the cold
and/or cooler climatic elements.

Sample 3: The composite sample is
from Locality No. 3, situated at about
500 meters northerneast of the Wakure
Station. ‘

Pinus and deciduous Quercus are
abundant (102 to 12.5¢9). Taxodiaceae,
Ulmus, Zelkova, Carpinus and Tilia are
of common (5¢%) without Carpinus which
is about 69 in frequency. The other
genera and families are rare (less than
39). ‘

The cold, temperate and warm climatic
elements are 11.794 and 829 respectively.
The upland, mixed-slope and riparian
and/or stream-side components are re-
spectively 1795, 559 and 282%.

Sample 8d: The stratigraphical hori-
zon of this sample is similar probably

to that of Sample 3.

Tilia, Pinus, deciduous Quercus, Car-
pinus and Pleuricelloesporites are abun-
dant in relative frequency. The boreal,
temperate and warm climatic elements
are 1194, 119 and 78% in relative fre-
quency.

In the connection with the palaeoeco-
logical environment the stream-side
and/or riparian, upland and mixed-slope
components are 3595, 10% and 559 re-
spectively.

Sample 7a: This sample, of which
the locality is similar to Locality No. 7,
yielded: Pinusis abundant (10%). The
other genera showing a high frequency
except for Pinus are Alnus and Polyado-
sporites (9%). All of the Taxodiaceae,
Salix and Nuphar are common (4% to
69). Liquidambar (29) represents a
warm climate together with the ever-
green Quercus. All of Picea, Abies,
Fagus and Betula, which grow under a
climate cooler than that of the present
day Hokuriku region, are 295 in relative
frequency. Gymnosperm contains three
genera and one family (1725), Monoco-
tyledon has one genus and two families
(11¢), Dicotyledon comprises 11 genera
and two subgenera (579), Pteridophyta
and five other genera, amount to about
1525. The warm, temperate and cold
climatic elements are respectively 7%,
8325 and 109. In respect to the palaeo-
ecological environment, the upland,
mixed-slope and stream-side components
are 219, 519 and 28% respectively.

Sample 8c¢: With respect to the as-
semblage of specimens found from this
sample which is from about 15 meters
below the present ground surface in
Locality No. &, the Gymnosperm contain-
ing four genera and one family (20%);
the Dicotyledon 20 genera and two sub-
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genera (619), the Monocotyledon one
genera and two families (82), and the
Pteridophyta and the others amount to
11¢;.

The warm, temperate and cold climatic
components are 9%, 812 and 10% re-
spectively, and the upland, stream-side
and/or riparian and mixed-slope elements
respectively 149, 3225 and 54%..

Sample. 8b: This sample vyielded
twenty two genera, two subgenera and
three families; namely, four genera and
one family of Gymnosperm (20%); Mono-

cotyledon one genera and two families .

(159); Dicotyledon 16 genera and two
subgenera (43%); Pteridophyta three
genera (10%) and the other group gave
a frequency of 12¢25. The boreal clim-
atic plants such as Picea, Abies, Larix
and Betula amounted to 169, the plants
which grow in the temperate climatic
region 76% and the warm climatic ele-
ments 89. With respect to the palaeo-
ecological environment the upland,
mixed-slope and stream-side or riparian
elements are respectively 179, 582 and
259;. '

Sample 4: The mixed sample from
Locality No. 4, where situated about 1km
north of the Wakura Station, belongs to
the middle horizon of the Wakura
Member.

This sample yielded four genera and
one family of the Gymnosperm (2724 in
total frequency), 19 genera and two sub-
genera of Dicotyledon (46%), one genus
of Monocotyledon (59), three genera of
Pteridophyta (42) and two genera of
the other lower plants.

Among the pellen grains and spores
from the sample, Pinus is abundant
{132), deciduous Quercus and Carpinus
are common (7% and 69 respectively),
and the others are rare or few (1% to 5%).

- The boreal (A), warm (B) and tem-
perate (C) climatic elements are respec-

tively 2495, 79 and 69%. And also, the
upland, mixed-slope and - stream-side
components are respectively 19%, 55%
and 26%.

Sample 8a: The sample is from the
well drilled at Locality No. 8 situated
northwest of the Wakura Station. The
depth of the sample is some 5 meters
below the present ground surface.

Among the pollen grains and spores
found from the sample, Gymnosperm
attains 1825, Monocotyledon 1224, Dico-
tyledon 5495, Pteridophyta 1225 and the
others 4%. Pinus, Gramineae and Car-
pinus are abundant (8% to 102); Juglans,
Castanea, Stylax and Persicaria are com-
mon (6% to 8%); the boreal, warm and
temperate elements are respectively 8%,
79 and 859, and the stream-side and/or
riparian, mixed-slope and upland ele-
ments are 4495, 429% and 1495. It is
noteworthy that the stream-side and/or
riparian components such as Salix, Cellis,
Juglans, Pterocarya, Styrax and Liqui-
dambar etc. are more common than the
mixed-slope and upland elements.

Sample 5: The mixed sample is col-
lected from Locality No. 5 at about 200
metres south of the Wakura Station.
This sample belongs to the middle part
of the upper horizon of the Wakura
Member.

The upland, mixed-slope andstre am-
side elements are respectively 209, 35%
and 459. The cold, warm and temperate
climatic elements contain 18%, 7% and
7524 respectively.

The Gymnosperm including Pinus,
Picea, Abies and Larix (23% in relative
frequency), Monocotyledon (182), Dico-
tyledon (429), Pteridophyta (109%) and
others (79) are found. Pinus, Taxo-
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diaceae, Salix, Persicaria and Gramineae
represent the pollen-flora of Sample 5.
Sample 6: The mixed sample from
Locality No. 6, where situated at about
500 meters west of the Wakura Station,
belongs to the uppermost horizon of the
Wakura Member. At this locality the
Pleistocene Okuhara Member overlies
with unconformity the Wakura diato-
maceous mudstone Member and was

analysed for a palynological research.
The Wakura-eki shell bed (NIINO &
YAMADA, 1946) occupies the lower part
(mudstone in rock-facies) of the Okuhara
Member. The horizon of this Sample 6
is just under to the unconformity sepa-
rating member mention ed above.

The pollen-flora of Sample 6 is repre-
sented by Pinus, Gramineae, Taxodiaceae
and Salix (1124, 109, 8.5% and 8% re-

B8 50% c

Fig. 6. Pollen diagram (3): Triangular diagram showing the relationship between
cold & cool climatic, temperate climatic and warm climatic elements found from several
samples of the Wakura diatomaceous mudstone Member. Numbers refer to Figs. 1 and 3.
a: Yamatoda Member, b: Sunagozaka Member, e: Hojuji Member, f: I'ida Member, h:
present deposit of Lagoon Hojozu-gata, i: Nakayama-toge Member, j: Hijirikawa Member,
k: Takakubo Member, 1: Omma Member. A: cold & cool climatic element, B: warm
climatic element, C: temperate climatic element.
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spectively). The Gymnosperm (one
family and four genera in this sample)
attains 24.59%, Monocotyledon (two
families 189, Dicotyledon (ten genera
and one family) 43.5%, Pteridophyta
(three genera) 109 and the other (two
genera) 49;. ‘

In respect to the palaeoecological en-
vironment, the upland, mixed-slope and
stream-side and/or riparian elements are
respectively 189, 429 and 409 in rela-
tive frequency.

(4) Discussion

From analysis of the pollen grains and
spores a general interpretation can be
made of the physical conditions prevail-
ing during growth of the sedimentary
basin in which they were found. In this
section, the writer will discuss on the
palaeoclimatic condition, palaeographical
environment and geological age of the
stratigraphical units based upon the
microfossils.

(a) Palaeoclimatic Condition

The pollen grain and spore assem-
blages have been analysed and from the
results the general characters of the
palaeoclimatic condition can be present-
ed. The methods for analysing assem-

blages for palaeoclimatic interpretation.

have been developed by ERDTMAN,
FaeGrr and IVERSEN, besides palyno-
logists, and the writer has used another
method for palaeoclimatic analysis of
his palynological researches on the Neo-
gene Tertiary and Holocene deposits
developed along the coastal region of
Japan Sea, and reported that the results
agreed well with the climatic indications
deduced by the other methods (Fuijr,
1964 & 1966). The methods used by the
present writer are classified into a
warmth index, triangular and/or quadri-
lateral diagrams.

100 %

100%

Fig. 7. Pollen diagram (4): Quadri-
lateral diagram showing the palaeoclimatic
condition and palaeoecological environment
during the sedimentation of the Wakura
diatomaceous mudstone Member. Numbers
refer to Figs. 1l and 3. a: Yamatoda Mem-
ber, b: Sunagozaka Member, c: Higashi-
in’nai Member, d: Najimi Member, e: Ho-
juji Member, f: I’ida Member, g: Wakura
Member, h: I'izuka Member, i: Nakayama-
toge Member, j: Hijirikawa Member, k:
Takakubo Member, 1: Omma Member.

. According to the writer’s investigation,
as shown in the triangular diagram (Fig.
6), the warm and subtropical plants such
as Liquidambar and Metasequoia from
the Wakura Member is far less in num-
ber of specimens than from the Yama-
toda and Sunagozaka Members which
correspond to the Daijima stage, namely,
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the latter yielded 619 to 852 in average
for the total specimens, and the former
8% to 16%. The present result is closely
similar to the analytical results on the
pollen and spore assemblages from the
Hojuji and I’ida Members studied pre-
viously (Fuji, 1966). With respect to
the relative frequency of warm and sub-
tropical elements found throughout this
member, the higher the horizon is, the
less the frequency becomes. However,
on the contrary in respect to the cool
and cold elements, the higher the hori-
zon is, the more the frequency becomes.
The relationship between the temperate,

warm and cold elements is illustrated in
Fig. 9.

Comparison between the fossil plants
and similar living equivalents whose
climatic 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 informa-
tion. The Neogene Tertiary species are
comparatively modernized in morpho-
logical features, so it is not difficult to
compare them with living equivalents
with some exceptions. The genera com-
prising the Neogene flora in Japan are
mostly distributed now in FEast Asia,
and nearly all of the temperate Dico-
tyledonous genera in the fossil flora are
now growing in Japanese Islands. How-
ever, exotic genera are sometimes com-
monly contained in the fossil flora. The
exotic coniferous genera such as Meta-
sequoia, Glyptosirobus, Sequoia, Pseudo-
larix and Keteleeria are found through-
out the Neogene flora of Japan, and
they are mostly living now in China,
and some of them are known in the
western part of North America. The
nearest living equivalents of the pollen
floras from thd Wakura Member and
their modern distribution in East Asia

are shown in Table 2. According to this

table, the Wakura pollen flora consists
mainly of temperate genera, with warm
climatic elements commonly associated.
The dominant genera among the tem-
perate ones are Alnus, Fagus, Castanea,
Quercus, Ulmus, Zelkova, Acer and Tilia.
The modern species equivalent to them,
according to TANAI (1961), are mostly
distributed in Japan proper, especially
from Central Japan to Kyfishd. How-
ever, some of them are rather luxuriantly
distributed in Northern HonshG and
Hokkaido. Further, the pollen flora some-
times contains many exotic conifers such
as Cunninghamia, Taiwania, Metasequoia,
Glyptostrobus and Liquidambar of the
Dicotyledons, though they are not abun-
dant in number of specimens and are
rather relicts which survived from the
previous Yamatoda and Sunagozaka
pollen floras. Such presumption regard-
ingthe climatic conditions is supported by
the fact that the pollen flora frequently
contains the warm climatic elements.
Thus, according to the writer’'s re-
searches, the pollen flora of the Wakura
Member comprises temperate and warm
climatic elements mingled in floristic
composition as already described in the
previous part of this work. From the
viewpoint of leaf character analysis re-
ported on the Late Miocene floras from
various localities by TANAI (1961) the
Wakura pollen flora is related to the
present temperate or somewhat tem-
perate forest in Central and Southern
Japan, and they seem to have grown
under a warm temperate climatic condi-
tion. However, the reduction of warm
and subtropical plants evidently indicates
that the temperature had lowered in
comparison with that of the Daijima stage.

(b) Palaeogeographical Environment
To facilitate the considerations on the
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100 %

100 %

Fig. 8. Pollen diagram (5): Quadri-
lateral - diagram showing the relationship
between cold & temperate climatic and
warm climatic elements, stream & riparian
and upland & mixed-slope elements found
from several samples of the Wakura diato-
maceots mudstone Member. Numbers refer
to Figs. 1 and 3. ‘

probable ecological environments under
which some ancient plants lived, the
modern equivalents of the fossil species
are grouped according to their habitats,
namely; four types of upland, mixed-
slope, stream-side or riparian, and lake
or marshy elements.

The Wakura pollen flora is mainly
comprised of mixed-slope or mixed-
slope—riparian plants in number of
specimens, and also contains upland—
mixed-slope plants. Namely, this flora

seems to represent a mixed-slope to
riparian forest. For instance, the mixed-
slope plants amount to 44% in frequency
on average, stream-side and riparian
plants 309 and the remainder of upland
plants. On the other hand, judging from
the lithofacies, poor contents of plank-
tonic foraminifers, fossil diatom assem-
blages and diversity in the thickness of
the deposits, the sea under which the
Wakura Member was deposited during
the Neogene Tertiary seems to have
been a more or less closed embayment
in the Wakura area of central part of
Noto Peninsula, though the sea in
southern part of Noto Peninsula widened
during the Late Miocene age. The
spread of this semi-opened sea is shown
in Fig. 10.

The friquency of grass-pollen grains
and spores have been generally accepted
to be related to the geographical en-
vironments. Accordingly, such presump-
tion on the marine terrain is supported
by that the frequency of the grass-pollen
grains and spores ranges from 36% to
509 in the Wakura Member, though
from 26% in the Hijirikawa to 46% in
the T'izuka Members.

(c) Geological Age :

In the Japanese Islands the correlation
and age determination of the Tertiary
floras have been frequently made by the
use of several characteristic fossils and
assemblages. The Neogene flora of
Japan has been described by YABE and
ENDO, Suzukl, TANAI and many .other
authors, and consequently the floristic
composition of each flora is compara-
tively well known at present. On the
basis of these researches, TANAI (1961)
classified the Neogene floras of . Japan
into six types, considering the floristic
composition and components, along with
the geological ages indicated by them.
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Fig. 9. Pollen diagram (6): Figure showing the relationship between cold & cool
climatic, temperate climatic, warm climatic, upland, mixed-slope and riparian elements .
found from several samples of the Wakura diatomaceous mudstone Member. Numbers -

refer to Figs. 1 and 3.

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 Wakura pollen flora is very
similar in generic composition to the
Mitoku-type flora. It contains a few
exotic elements which are found abun-
dantly in the Noroshi and Yamatoda

floras. It is commonly found.in the Late
Miocene floras of Europe and in the
western part of the United States where
the modernized plants are dominant.
Thus, in comparison with various floras
of the Neogene in Japan and from the
viewpoint of its stratigraphical evidences
the Wakura pollen flora can be nearly
correlated with the Mitoku-type flora, and
the geochronological position of the Wa-
kura Member seems to be Late Miocene.
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Abies; Locality
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Pinus; Locality
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Explanation of Plate 2

6: EKZJ coll. cat. no. 20047.

8; Horizon bj; EKZ]J coll. cat. no. 20048.
2; EKZJ coll. cat. no. 20049. ,

7, Horizon c; EKZ]J coll. cat. no. 20050.
8, Horizon e; EKZ]J coll. cat. no. 20051.
45 EKZ]J coll. cat. no. 20052.

7, Horizon c; EKZJ coll. cat. no. 20053.
2; EKZ]J coll. cat. no. 20054.

3; EKZ]J coll. cat. no. 20055.

8, Horizon d; EKZ]J coll. cat. no. 20056.
7, Horizon c; EKZJ coll. cat. no. 20053.
2; EKZJ coll. cat. no. 20054.

7, Horizon a; EKZJ coll. cat. no. 20057.

Persicaria; Locality 4; EKZ]J coll. cat. no. 20058.

Spore, gen. indet.; Locality 4; EKZ] coll. cat. no. 20059.
Monosulcopollenites ; Locality 4; EKZ]J coll. cat. no. 20060.
Pleuricellaesporites; Locality 7, Horizon c¢; EKZ] coll. cat. no. 20061.
Monosulcopollenites; Locality 5; EKZ]J coll. cat. no. 20062.
Triadosporites; Locality 8, Horizon c; EKZ]J coll. cat. no. 20063.
Pleuricellaesporites; Locality 5; EKZ]J coll. cat. no. 20064.
Inapertisporites; Locality 3; EKZ]J coll. cat. no. 20065.
Pleuricellaesporites ; Locality 6; EKZJ coll. cat. no. 20066.

~ Trilate type spore, gen. indet. ; Locality 6; EKZJ coll. cat.

Trilate type spore, gen. indet.; Locolity 5; EKZ]J coll. cat.
Lycopodium ; Locality 3; EKZ]J coll. cat. no. 20069.

Tri;cal‘pafqpqlle,ni,tes; Locality 8, Horizon d; EKZ]J coll. cat.
Tricolporopollenites; Locality 7, Horizon c¢; EKZ]J coll. cat.
Tricolporopollenites ; Locality 8, Horizon d; EKZJ coll. cat.

Castanea; Locality 4,EKZ] coll. cat. no. 20073. _
Tricolporopollenites; Locality 1; EKZ]J coll. cat. no. 20074.
Tricolporopollenites; Locality 4; EKZJ coll. cat. no. 20075.
Tricolporopollenites; Locality 8, Horizon d; EKZ]J coll. cat.
Acer ; Locality 7, Horizon e; EKZ]J coll. can. no. 20077.
Castanea; Locality 6; EKZ]J coll. cat. no. 20078.

Pollen grain (?); Locality 8, Horizon c¢; EKZJ coll. cat. no. 20079.

Corylus; Locali

ty 6; EKZJ coll. cat. no. 20080.

Tilia; Locality 8, Horizon a; EKZ]J coll. cat. no. 20081.

Carya; Locality

6; EKZJ coll. cat. no. 20082.

no.
no.

no.

no.
no.

no.

20067.
20068.

20070.

20071.
20072.

20076.

(Figs. 30-32, 37-38, 41-44, 47, 49, 51-53, 64-65 are measured by a right scale, 20 ¢, and the

other figs. by a left scale, 15 u.

Science, Kanazawa University)

All specimens illustrated are kept in the Institute of Earth
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