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Miocene pollen data are described as supplement to the Neogene pollen studies
of the Oga Peninsula. A variation in the pollen flora of the Shiosenomisaki Sand-
stone and Conglomerate Member of the Monzen Formation is recognized for the
first time. The lower part of the member is represented by the predominant coni-
fer elements, while its upper part shows a recovery of some broad-leaved types,
specially indicated by a number of amentiferous elements. The current pollen
record is thought representing a floral changing tendency in the latest Oligocene-
earliest Miocene time. The pollen flora from the middle and upper parts of the
Daijima Formation, as well as the lower part of the marine Nishikurosawa For-
mation, shows a flourish of broad-leaved elements with now-extinct Tertiary
types well represented, including abundance of Liquidambar, Carya and ever-
green Quercus. Thisflora is considered to reflect a major Neogene warming occur-
red around the late Early Miocene-earliest Middle Miocene. The pollen data
then imply such a process of changes as the Tertiary types gradually declined,
and conifers (including Taxodiaceae and Metasequoia) and Ulmus, Alnus, etc.
played an increasing role in the upper part of the Nishikurosawa Formation and
the Onnagawa Formation. These changes in the {loral components are supposed
to be largely in correspondence with the climatic deterioration occurred in the
late period of the early Middle Miocene in spite of then intensified transgression.

The Miocene pollen floras from the Oga Peninsula of Japan and Northern China
have many common points due to their closely related geographic locations.
Both the floras show a peak in the content of the conifer elements at the early
Early Miocene, followed by a distinctive increase in the broad-leaved elements at
the late Early Miocene-early Middle Miocene. The pollen flora in Northern
China then shows a gradual development of herbs ; while the one in the region
along the Sea of Japan displays an expansion of Taxodiaceae and Fagus. Causes
of the difference are supposed by two reasons: the opening of the Sea of Japan at
the Middle Miocene ; and the prevailed marine environment surrounded Japan,

in contrast to the dominantly continental condition in the mainland of China.
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Introduction

The well-outcropped succession of the Neogene strata in the Oga Peninsula was regarded common-

2)

ly as a standard sequence in the regions along the Sea of Japan '"* *’. Many studies covering various

aspects of the succession had already been carried out by different authors. Pollen record was re-

)

ported by Yamanoi'' and he established a primary Neogene pollen-stratigraphic sequence with
emphasis specifically lying on the strata above the Nishikurosawa Formation. The current study is
mainly the pollen analysis of the materials from the lower part of the succession, including the Mon-
zen, Daijima, Nishikurosawa and Onnagawa Formations.

It is considered that the Japanese Islands and the Asian continent were connected each other prior
to the complete opening of the Sea of Japan in the Middle Miocene *'. A comparison study on the
Miocene pollen floras between Japan and Northern China is anticipated to make clear some interest-
ing facts raised by the opening of the Sea of Japan. This paper gives a general feature of the Miocene
floras in Northern China, and then attempts to illustrate the similarities and differences between the

Miocene floras of the Oga Peninsula of Japan and Northern China.
Stratigraphy

The Miocene deposits in the Oga Peninsula comprise the upper part of the Monzen Formation, the
Daijima, Nishikurosawa and Onnagawa Formations, and the basal part of the Funakawa Forma-
tion in ascending order *’.

Unconformably overlying the Middle Eocene Nyudozaki Igneous Rock Member of the Akashima
Formation, the Late Oligocene-Earliest Miocene Monzen Formation is composed mainly of volcanic
rocks and their pyroclastics, and partly of conglomerate, sandstone and plant fossil-bearing silt-
stone. It includes the Kuguriiwa Lava, the Kamo Lava, the Shiosenomisaki Sandstone and Conglo-

1)

merate, and the Shinzan Rhyolite Members in ascending order ‘* " with a thickness about 960m.

The Early Miocene Daijima Formation lies unconformahbly on the Shiosenomisaki Sandstone and
Conglomerate Member of the Monzen Formation. [t consists of pumiceous lapilli tuff, tuff breccia,
welded tuff particularly in its lower and middle parts, and deltaic tuffaceous sandstone, conglome-
rate and mudstone in the upper part. The Hokakejima Dacite Member in the basal part consists of a
reddish purple to yellowish brown welded tuff, dacitic agglomerate and tuff breccia. The Sugoroku
and Daijima Basalt Members in the upper part consist of olivine two-pyroxene basalt and its pyro-
clastics, and olivine basalt respectively ', Thickness of the formation is about 250m.

The early Middle Miocene Nishikurosawa Formation, which is unconformable to the underlying
Daijima Formation, is dominated by about 25m thick sandstone and conglomerate beds in the north-
ern area, and by about 150m thick sandy siltstone beds in the southern area *’

The Middle-Late Miocene Onnagawa Formation is composed of a brownish gray siliceous shale
and diatomite. A glauconitic sandstone at the base of the formation overlies conformably the Nishi-
kurosawa Formation. The thickness of the formation is about 300m in the typical area along the

(2
(2)

southern coast”’ . The Shinzan Diatomaceous Mudstone Member °’ of the formation contains a
massive and partly laminated diatomite, about 160m in the maximum thickness. This member is
distributed in the northern part of the peninsula where it overlies the siliceous shale of the main part
of the formation and changes laterally to the siliceous shale southward ©*’.

The latest Late Miocene-Pliocene Funakawa Formation consists chiefly of dark gray mudstone

intercalated with tuff and tuffaceous sandstone. In the lower part of the formation, a pumiceous tuff



Miocene Pollen flora of Northeast Japan and Northern China 3

bed with more than 3m in thickness is called the Minamihirasawa Tuff Member. The thickness of
this formation is about 800m on the southern coast, and 500m in the northern area ‘*’

Materials and Methods

The samples for pollen analysis were taken from the northwestern and southern coastal areas of
the Oga Peninsula. In the northwestern coastal area, the Nishikurosawa Formation is exposed in a
sea cliff, west of Nishikurosawa Village. Six samples collected from the section were numbered
from N-1 to N-6 in ascending order (Fig. 1, A). In the southern coastal area, the Shiosenomisaki
Sandstone and Conglomerate Member of the Monzen Formation is distributed around the beach of
the Shiosenomisaki Cape. Three samples numbered M-1 to M-3 were collected from the upper part of
the member. Among them, samples M-1 and M-2 may possibly represent the same bed. Another sam-
ple numbered Ni-1 from the beach of Daijima Village indicates the basal part of the Nishikurosawa
Formation (Fig. 1, B).

As the Daijima Formation is not well outcropped in the peninsula because of the modern vegeta-

tion and many kinds of constructions, more samples were obtained after from Dr. K. Uemura of
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Fig. 1. Location map of the sampling sites in the northwest coastal area (A) and

the southern coastal area (B) of the Oga Peninsula.
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National Science Museum, Tokyo, including samples 1031-1, 1031-2, 1030-1, 1102-1, N'T-1, NT-2 and
NT-4 of the Daijima Formation, together with sample Mo of the Monzen Formation, samples D-1,
D-2 and D-3 of the Nishikurosawa Formation, and samples D-4 and D-5 of the Onnagawa Formation
in ascending order. Samples of AKMG-5238 and AKMG-£239 are a part of plant fossil bearing spec-
imen which have been stored in the collection of the Institute of Applied Earth Science, Mining
College, Akita University. These samples are mostly from the different collections of the previous
studies and all of them contain plant fossils invariably.

All of the samples from Dr. K. Uemura were collected from the southern coastal areas of the
peninsula. Among them, the sample Mo is from the lower part of the Shiosenomisaki Sandstone and
Conglomerate Member of the Monzen Formation which is located at not so long distance from the
outcrop for the samples M-1 to M-3 ; the samples from the Daijima Formation are 1031-1 and 1031-2
(lower part), AKMG-5238, AKMG-5239 and 1030-1 (middle part), and 1102-1, NT-1, NT-2 and NT-4
(upper part) ; the samples from the Nishikurosawa Formation are D-1 and D-2 (lower part), and
D-3 (upper part) ; and the samples from the Onnagawa Formation are D-4 (basal part) and D-5
(upper part) (Fig. 1, B).

The samples examined were first dried and sieved through the 60 mesh screen after powdered, then
macerated with KOH (10%), HF (47%), HCI + HNO; (3 : 1) and treated with the acetolysis method,
and finally soaked in ZnCl. solution compounded to the specific gravity 2. Slides were prepared by
mounting the pollen grains in the glycerine jelly.

Pollen percentages were calculated following the Yamanoi’s method "’ with two fixed sum of
pollen groups being used : one is to count 100 to obtain the vesicular Pinaceae pollen and spores vs.
other pollen ratio ; the other is to count 200 to get a pollen diagram without consideration of the vesic-

ular Pinaceae and spores.

Result of Pollen Analysis

The samples from the Shiosenomisaki Sandstone and Conglomerate Member of the Monzen For-
mation contain many fossils. The pollen composition of this member shows certain variations be-
tween its lower and upper parts. The lower part is featured by the predominant occurrence of vesicu-
lar Pinaceae pollen, represented by Picea, Tsuga and Pinus. Their content reaches 89% as indicated
by sample Mo. Among the angiosperm pollen, Alnus, Betula, Ulmus and Corylus are numerically
the most important pollen taxa, while some other taxa, such as D. (deciduous type) Quercus, Ptero-
carya, Carpinus, Tilia, Zelkova, Ephedra, Chenopodiaceae, etc. are relatively lower in content (Fig.
2). This result is comparable with the one derived from the Yamanoi’s sample M-4 ‘" that is also
located in the lower part of the member. In the previous study, only a large number of vesicular Pina-
ceae pollen were recognized in the sample M-4. In the present study, we observed more slides than in
the previous study and consequently found a small number of Betula, Ulmus, Corylus, Alnus, Tilia,
Celtis and Taxodiaceae, etc. except the majority of Pinaceae pollen.

The upper part of the member shows a decrease of the Pinaceae pollen occupying a slight more
than 50%, dominantly represented by Tsuga. Betula becomes the main element in the flora, while
Pterocarya occurs more often than in the lower part, together with Ulmus, Corylus and Alnus.
Other elements including 7Tilia, D. Quercus, Juglans, Zelkova, Taxodiaceae, Carpinus, Carya, Fagus,
Celtis, Ilex, Fraxinus, Rosa, Rhamnaceae, etc. are less common. There are also some forms of
Tricolpopollenites and Tricolporopollenites (Fig. 2).

Both pollen number and preservation in the lower part of the Daijima formation are poor. We
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Fig. 2. Pollen diagram showing major floral components of the samples Mo-
1, M-1, M-3 (Monzen Formation), 1031-1, NT-4 (Daijima Formation), Ni-1, D-
3 (Nishikurosawa Formation), and D-4, D-5 (Onnagawa Formation) in the
southern coastal area. Two groups with fixed sums are represented : all pol-
len except for the vesiculate Pinaceae and spores, N= 200 (Group A) ; and all
pollen for the “Pinaceae, spores vs. others” diagram, N= 100 (Group B).

tried twice to examine the samples in the laboratory, but couldn’t get a better result mainly due to
its lithologic character. The following elements are what we have found from the samples 1031-1 and
1031-2 : Pinus, Picea, Tsuga, Alnus, Ulmus, Juglans, Carya, Tilia, Liquidambar, D. Quercus, E.
(ever green type) Quercus, Betula, Corylus, Taxodiaceae and Pterocarya among the pollen, and
Osmunda and Polypodiaceae among the spores. The total amounts of these taxa are not enough num-
ber to show in Fig. 2.

The middle and upper parts of the Daijima Formation generally contain many fossils. In theflora,
Pinaceae pollen are around 20% on the average, mostly represented by Pinus, together with a small
number of Picea and Tsuga. The most distinctive features of the flora are displayed by the predomi-
nant occurrence of Liqguidambar, Carya, E. Quercus, and some new elements represented by Casta-
nea, Pasania, Rhus, Acer, Magnolia, Elaeagnus and Dacrydium, Oleaceae, etc. despite their lower
contents, while the main components in the Monzen Formation reduced or even disappeared. There
are also some spores of Polypodiaceae, Pteris, Ceratopteris, Osmuda, etc. in the samples. Cerato-
pteris shows relatively higher component in the sample 1102-1 (Fig. 2).

The samples of the Nishikurosawa Formation were obtained from the northwestern and southern
coastal areas. In the northwestern coastal area, pollen flora from the lower part of the section
shares the main features of the middle and upper parts of the Daijima Formation. In addition, there
are more pollen taxa in the present flora than in the Daijima Formation, including some small
amount of herbaceous pollen, such as Gramineae, Ariemisia, Cyperaceae, etc. Some changes are
recognized in the upper part of the section, as indicated by the increase of Taxodiaceae, Metasequoia,
Betula, as well as Pinus, Picea and Tsuga, and the decrease of Liquidambar and Carya (Fig. 3). A
similar changing tendency is also recognized from the southern coastal section (Fig. 2).

The samples D-4 and D-5 of the Onnagawa Formation continue to hold those features of the upper
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Fig. 3. Pollen diagram showing major floral components of the samples N-1,
N-6 (Nishikurosawa Formation) in the northwestern coastal area. See Fig. 2

for further explanation.

Nishikurosawa Formation, i. e. higher occurrence of Taxodiaceae, Ulmus, Pinaceae pollen, etc. , and

constantly lower appearance of Liquidambar, Carya, ete. (Fig. 2).

Evaluation of Current Pollen Data and Previous Studies

The pollen flora from the Shiosenomisaki Sandstone and Conglomerate Member of the Monzen
Formation exhibits a recovery of the broad-leaved types upward. Its inferred climate is somewhat
comparable with the Late Oligocene-Early Miocene changing process of the worldwide climate based
on various approaches, such as on the marine megafauna in the Mediterranean ‘| on the oxygen iso-
tope data in the Southwest Pacific "’ , and on the pollen records from the mainland of China - *'" .
The same member also yields plant fossils that have been assigned to the cool-temperate Aniai-type
flora by Huzioka ' . Fission track ages are 27. 1 Ma, 31.5 Ma “? , and 29. 8 Ma ™ from the under-
lying Kuguriiwa Lava Member, and 23.7 Ma “”, 25.3 Ma “” and 26 Ma “” from the overlying Shinzan
Rhyolite Member. The Shinzan Rhyolite Member also holds the K-Ar age of 24.4 Ma “?. Therefore,
the present record seems to display the floral change in the latest Oligocene-earliest Miocene.

The Daijima Formation is famous as yields the Daijima type flora which reflects warm temperate

climate

. Plant fossils were gathered mainly from the tuffaceous mudstone and lignitic mudstone
intercalated in the upper part of the formation. The present study displays a distinctive flourish of
the broad-leaved pollen elements and now-extinct Tertiary types well represented in the flora from
the middle part of the Daijima Formation to the lower part of the Nishikurosawa Formation. The
current strata cover a most pronounced Neogene event called the “Mid-Neogene climatic optimum”
in Japan around the age of 16 Ma "”. The lower part of the Daijima Formation is poor both in the
number and preservation of the pollen. However rich pollen fossils were reported by Sato “® from the
same beds. The main elements indicated by Sato are represented by many Alnus, Carpinus, Ulmus
/" Zelkova and Betula, together with a number of Pinaceae, Tsuga and spores. If this is true, pollen

flora from the lower part of the formation seems to still hold some features of the Aniai-type flora.
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Age of the flora mainly follows the radiometric time scale and the biochronologic framework. The
fission track ages of the Hokakejima Dacite Member at the basal part of the Daijima Formation are
20 Ma “” | 22.0 Ma and 20.9 Ma “”. The same member also reveals the K-Ar age of 18.8 Ma " . The
planktonic foraminiferal fauna from the lower upper part of the Nishikurosawa Formation exposed
on the southern coast is correlated with the Blow’s planktonic foraminiferal zone ™ N.9 by Saito
and Maiya .

The pollen flora from the upper part of the Nishikurosawa Formation and the Onnagawa Forma-
tion implies such changes as the major Tertiary types gradually declined and conifers (including
Taxodiaceae, Metasequoia), Ulmus, Alnus, ete. played an increasing role upwards. The cause of the
variation in the floral components may be versatile. It may be due to a possible climatic cooling or
the enlargement of the transgression. In the Oga Peninsula, the Monzen and Daijima Formations are
generally considered as sediments of the non-marine environment, while all other Neogene forma-
tions are of marine origin *’, though Fujioka et al. “” once suggested that there is a possibility that
the Daijima Formation could be partially of marine condition. According to our present study,
dinoflagellate cysts occurred frequently in the Nishikurosawa Formation and the upper layers.
There is no sample from the Daijima Formation containing marine fossil. Tsuchi once indicated
that the Mid-Neogene climatic optimum is followed by an abrupt cooling begun at 15 Ma ago in
central and northern Japan. This is reflected by the change in the marine fauna from the tropical-
subtropical Kadonosawa type to the cold-water Shiobara-Yama fauna “”. A change in the diatom
flora of the early Middle Miocene at ca. 14 Ma ago was recognized by Yanagisawa from the high
and middle latitude area in the North Pacific. This was suggested to be coincident with an abrupt

(2)

cooling of the sea water temperature ® . Consequently, the present pollen record is supposed to be

largely in correspondence with the climate deterioration in spite of intensified marine environment.
An outline of the climate reflected by the current pollen data displays a major Miocene warm

period in the middle Daijima to early Nishikurosawa stages. This result is not in full agreement

18)

with the one proposed by Sato. Sato " once suggested that there are at least two periods of cool

temperate climate fluctuation in the late Daijima to early Nishikurosawa stages. We do not consider
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Fig. 4. An outline of changes in climate and environment in the Miocene of the
Oga Peninsula.
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there could be any distinctive climate cooling in the mentioned period. As we have already men-
tioned, the Daijima Formation consists of non-marine sediments, and the Nishikurosawa is charac-
terized by shallow marine deposits which originated in the early Middle Miocene transgression.
Sato “® affirmed that the early Middle Miocene transgression is a widely synchronized event occurred
around 16 Ma ago, while the warm pollen flora of the Daijima Formation is older than 16 Ma ago.

@ ¢onsidered that the Neogene warm event (climatic optimum) took place

On the contrary, Yamanoi
simultaneously in a wide region, and pointed out some time discordance of the early Middle Miocene
transgression among the different places. Thus, it is possible to conclude that the climatic optimum
occurred in the Daijima Stage was centered at 16 Ma ago, and the early Middle Miocene trans-
gression was expressed as a sandy deposit of the Nishikurosawa Formation happened at or later
than 16 Ma ago. The transgression facies changed subsequently to the muddy deep marine deposit
named as the Onnagawa Formation during 15-13.5 Ma “” ago, which shows a climatic deterioration

by the fossil evidence (Fig. 4).

A Comparison of Miocene Pollen Floras
between Oga Peninsula and Northern China

The pollen flora in the first stage of the Miocene in Northern China is generally distinguished by a
large number of conifer pollen, often occupying half of the total content. The angiospermous pollen

% Here we

are characterized by the frequent occurrence of Ulmaceae and amentiferous pollen
cited that it is a distinctive case in the Northern China as example, the pollen record from the lignite
deposit in Tianzhen region, Shanxi Province (40.6 ‘N, 114.1°E). The lignite deposit in the region is
intercalated in the Hannaoba basalt. The pollen flora is predominated with gymnospermous elements,
mainly including Picea, Abies, Pinus and Tsuga, etc. Angiospermous pollen are relatively lower
component, but many amentiferous pollen grains, such as Juglans, Carya, Betula, Alnus, Corylus,
etc. occurred frequently. There are also a certain number of ferns in the flora ®” (Fig. 5). The age of
the present flora was deduced based on the K-Ar dating of the Hannaoba basalt. The K-Ar age of the
basalt in the neighboring Weichang and Wulougong areas, Hebei Province is 23. 3-23. 8 Ma, and 22.1
Ma respectively (unpublished data from the Second Regional Geological Surveying Party of Bureau
of Geology and Mineral Resources, Hebei) “.

The pollen flora then turns into a most flourishing period with both the temperate elements, such
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Fig. 5. Pollen diagram showing major floral components of the the lignite de-

posit in the Tianzhen region, Shanxi Province (datum basis after Wang, 1978).
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as Betulaceae, Juglandaceae, Ulmaceae, D. Quercus, etc. and the subtropical types including Cas-
tanea, B. Quercus, Liquidambar, Carya, Rhus, Oleaceae, Meliaceae, Sterculiaceae, Lauraceae, etc.
well represented, together with a number of the aquatic plants like Trapa, Ceratopteris, etc. ® .
Typical stratum including both pollen and mega-plants were found from the famous Shanwang For-
mation in the Linju county, Shandong Province (36.5°N, 118. 8°E). According to the former

studies “**

, as well as our current inspection, the prominent genera of the Shanwang pollen flora
are E. Quercus, Liquidambar, Altingia, Ulmus, Juglans, Carya, Pterocarya, Corylus, Fagus and
Pinus. Less common elements include Acer, Celtis, Carpinus, Alnus, Betula, Taxodiaceae, Tilia,
Ruta, Zelkova, D. Quercus, Salix, Ilex, Picea, Tsuga, Larix /" Pseudotsuga, and some form genera
Fupingopollenites, Tricolpites, Tricolpopollenites, etc. Pollen of xerophytes and herbs are always
rare. Only few Ephedra, Chenopodiaceae, Gramineae and Polygonaceae were found. The detailed
contents of the main elements in the Shanwang Formation show in Fig. 6 based on the published

(29)

datum ® . It is generally agreed that the Shanwang flora is of the late Early Miocene-early Middle

Miocene in age based on the K-Ar dating, paleomagnetic dates, as well as some biostratigraphic
evidences “**

The pollen floras succeeding the Shanwang stage bear more or less resemblance to the previous
one, but including less subtropical elements and more herbaceous forms. The herbs mainly repre-
sented by Artemisia and Chenopodiaceae especially display an extensive increase northward and
westward in space, and upward in the sequence ®** . Our former report on the pollen flora from
the interval 1348. 24-1554. 50m in depth of Core CB-20, southwest end of Bohai Sea (38.0°N, 118.8°E)
could be taken as one of the representative cases. The flora is characterized by inherent many
common features of the Shanwang flora, at the same time, distinguished by containing many her-

baceous types .
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Fig. 6. Pollen diagram showing major floral components of the Shanwang
Formation in Linju county, Shandong Province (datum basis after Liu and
Leopold, 1992).

According to the above mentioned features, pollen floras from the Oga Peninsula and Northern
China share many common points. Both the floras are typified by the high occurrence of conifer and
amentiferous elements at the first stage of the Miocene, followed by a distinctive floral flourishing
period at the late Early Miocene-early Middle Miocene. There are also many common taxa through-
out the Miocene. However, the pollen flora from the Northern China generally contains more
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types including a number of herbaceous forms than that from Japan, at the same time, climate varia-
tions reflected by the Miocene pollen flora of Japan are generally more distinct than that of China.
There are two climatic cooling steps recognized from the Miocene pollen flora of the Oga Peninsula :
one was in the Middle Miocene as indicated by our current data, and the other more abrupt one in
the Late Miocene Shinzan Diatomaceous Mudstone Member ' #.

Cause of the differences may be raised mostly by the opening of the Sea of Japan started at the
early stage of the Miocene. It is generally assumed that the initial stage of the opening began 16 Ma
ago, and the main stage of the opening was 15 Ma ago. By 14 Ma ago, the opening of the Sea of

9 Since the complete opening of the Sea of Japan, the Japanese

Japan had been almost completed
Islands are surrounded by the prevailed marine environment, while the mainland of China is domi-

nated by the continental condition, resulting in the differential development of their floras.
Conclusions

The pollen floras from the Miocene of the Oga Peninsula imply some interesting variations which
are suggested to be consistent with several major environmental changes at that time, such as the
opening of the Sea of Japan ; the “Mid-Neogene climatic optimum” and the following climatic deteri-
oration. The present study also exhibits that the pollen data can be taken as one of the substantial
approaches to reflect the palecenvironment.

The Miocene floras of the Oga Peninsula of Japan and Northern China share many common points
each other. However, regional development of the floras became more and more distinct as a result
of the complete opening of the Sea of Japan in the Middle Miocene. Since then, the flora in Japan is
under the prevailing marine climate, while the one in China still under the intensified continental

condition.
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