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THE PALYNO-FLORA OF EARLY MIDDLE MIOCENE
SEDIMENTS IN THE POHANG AND YANGNAM BASINS, KOREA

TOHRU YAMANOI
Department of Earth Sciences, Faculty of General Education, Yamagata University, Yamagata, 990 Japan

ABSTRACT—Molluscan assemblages characteristic of the Arcid-Potamid fauna occur in early Middle Miocene sediments of Korea. This
fauna has been considered to have a similar nature to that of Japan. However, it is not clear whether or not the Japanese and Korean faunas
are coeval. The following conclusions are obtained through a palynological study of the Arcid-Potamid fauna and its neighboring horizons;
(1) The pollen assemblage of the Jeondong Formation belongs to the pollen zone NP-1 and is correlatable with the Aniai type of
mega-plant fossil association. (2) The pollen zone NP-2, which is correlative with the Daijima-type flora, can be subdivided into the lower A
subzone bearing cool elements and the upper B subzone containing warm elements. (3) The Arcid-Potamid fauna of Japan comes from this
B subzone which is accompanied by tropical floral elements. On the other hand, this fauna appeared earlier in Korea in the A subzone.
Therefore, this horizon in Korea indicates that paleoclimates were not warm enough to allow habitation of tropical or subtropical plants
and animals. (4) An early Middle Miocene transgression occurred earlier in Korea than in Central Japan within the Proto-Japan Sea area.
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INTRODUCTION

In early Middle Miocene time, the Japan Sea side
areas of the Japanese Islands changed from lake to
marine conditions, and plant associations also underwent
a transition from the Aniai-type flora to the Daijima-
type flora. These phenomena have been noted similarly
both on the Japanese and Korean sides of the Proto-
Japan Sea area (Huzioka, 1972; Koizumi, 1988). With
regard to a paleogeographic change, however, it is not
clear whether the transgression progressed simultaneously
in these two areas. If the transgression advanced gradually
from southwest to northeast in the Proto-Japan Sea
area, it is likely that the Korean side, which is situated at
a more southwesterly part, might have experienced the
transgression in earlier time.

The Molluscan Arcid-Potamid fauna (Tsuda, 1965)
occurs in early Middle Miocene sediments of Japan,
including many warm-water species. In central Japan,
this fauna has been found in the Kurosedani (Oyama,
1950; Tsuda, 1955, 1959, 1960) and Higashi-innai Formations
(Masuda, 1955, 1956, 1966a, 1966b, 1967; Okumura,
1981). This horizon is marked by a prominent warm
climatic episode called the “Mid-Neogene climatic opti-
mum” (Tsuchi, 1988). Furthermore, a short time interval
during which sea water temperatures were highest is
called the “tropical spike” (Itoigawa, 1989). This tropical
spike can be considered to have been an event during the
period when the mangrove flora and fauna cohabited the
Arcid-Potamid fauna in Southwest Japan.

On the Korean side, the Vicarya-Anadara fauna (Kim
et al., 1974) or the Vicarya-Anadara assemblage (Yoon
and Rhee, 1982) has been known from early Middle
Miocene sediments of the Yangnam and Pohang basins.
This fauna has a character in common with the Arcid-
Potamid fauna of Japan. The establishment of a precise
time relationship between the horizon of the Arcid-
Potamid fauna, which can be used as an indicator of the
early stage of the transgression, and the tropical spike,

which can be recorded in the form of a globally correla-
tive time plane, will give an important clue to the
progress of transgression in the Proto-Japan Sea area
during early Middle Miocene time.

One of the purposes of this study is to investigate the
precise age of the early Middle Miocene transgression in
Korea through palynological studies of the Arcid-
Potamid fauna and its neighboring horizons.

JAPAN SEA
(EAST SEA)

0 30km
[ S S ————)

i
Fig. 1. Index map of the southeastern coast of Korea to show
Neogene sedimentary basins (stippled areas). Shaded areas marked by

A, B, and C correspond to Figs. 2, 3 and 4, respectively, which give
detailed location of sampling sites on the geological map.
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The present writer has a great pleasure in dedicating
this paper to Professor Yokichi Takayanagi in acknowledge-
ment of his contributions to Japanese micropaleonto-
logy.

MATERIALS AND METHODS

In the Pohang and Yangnam basins, Neogene sedi-
ments are well exposed in A, B and C areas (Fig. 1).
Samples for palynological analyses were collected in the
Pohang basin (A area) from the Daljeon Alternation
Member of the Cheongogsa Formation, and the Hagjeon
and Heunghae Formations. In the Yangnam basin, samples
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were collected from the Jeondong and Songjeon For-
mations in B and C areas, respectively. The geology of
these three areas and sampling points in them are shown
in Figs. 2, 3 and 4. ST1-1 is one of the fossil localities
from which Kim ez al. (1974) reported the Arcid-Potamid
fauna.

All the samples were treated with KOH (10%), HCl+
HNO:s; (1:1), then the acetolysis method, and finally with
a solution of ZnCl, (specific gravity: 2) to concentrate
pollen grains.

During the course of microscopic examinations of
each sample, 100 pollen grains were classified to obtain a
Pinaceae (vesiculate type) pollen versus other pollen
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Fig. 2. Geological map of the Pohang basin after Yoon (1987) to show location of sampling points.
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Fig. 3.

Geological map of the northern part of the Yangnam basin after Yoon (1987) to show location of sampling points.
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Fig. 4. Geological map of the southern part of the Yangnam basin after Yoon (1987) to show location of sampling points.

ratio, and 200 pollen grains were identified taxonomically
with the exception of Pinaceae pollen grains of vesiculate

type.
RESULTS

The results of pollen analyses of the Pohang basin are
summarized in Fig. 5 to show major floral components.
As can be seen, Carya shows a high percentage in all
points, and is especially abundant in ST-9B and 10. The
percentage of Fagus becomes higher upward in the
sequence and reaches its maximum value (48%) at ST-
12. E. (evergreen)Quercus occurs very abundantly at ST-
11L and 11U. Ulmus shows a very high value (28%) at
ST-10. Liquidambar is fairly abundant in all points.
Other pollen taxa which are too scarce to be shown in
Fig. 5 include Cupressceae, Ephedra, Lagerstroemia,
Symplocos, Chenopodiaceae and Artemisia.

The results of analyses of the Jeondong Formation in
B area of the Yangnam basin are shown in the lower part
of Fig. 6. Carya, Alnus, Fagus and Tilia generally occur
in abundance. Prerocarya and Engelhardtia are fairly
abundant in all sampling points. Metasequoia is very
abundant locally, with its highest value of 47% at ST3-2.
Other minor components of the Jeondong Formation
pollen flora which are too meager to be shown in Fig. 6
are Larix, Weigela, Persicaria, Rumex, Scabiosa and
Cyperaceae.

The major floral components of the Songjeon For-

mation pollen flora occurring in C area are shown in the
upper part of Fig. 6. The flora is characterized by high
percentages of Carya, E. Quercus and Liquidambar in
every point. Dacrydium shows a very low value but is
present consistently. A form genus, Fupingopollenites,
occurs in low abundance in every point. The minor floral
components of the Songjeon Formation which are not
shown in Fig. 6 comprise: Podocarpus, Ephedra,
Pasania, Viscum, Sapium, Lythraceae, Alangium, Alaria,
Ericaceae, Symplocos, Ligustrum, Persicaria,
Chenopodiaceae, Merremia, Patrinia, Carduoideae,
Gramineae and Sparganium.

DISCUSSION

Yamanoi (1986) established two palyno-zones, NP-1
and NP-2, in the lower Middle Miocene interval of
Japan. The NP-1 zone consists mainly of deciduous
broad-leaved trees and such coniferous trees as Juglans,
Pterocarya, Betula, Carpinus, Fagus, D. (deciduous)
Quercus, Tilia, Picea and Pinus. Therefore, this zone is
estimated to represent a temperate or rather cool-
temperate climate (Yamanoi, 1986). The NP-2 zone is
characterized by the abundance of Carya, E. (evergreen)
Quercus and Liquidambar, and also by some quantities
of Dacrydium. Fossil pollen of mangrove plants is
included in this zone of Southwest Japan (Yamanoi et
al., 1980; Yamanoi, 1984; Yamanoi and Tsuda, 1986).
Therefore, the mean winter temperature in the Toyama






