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ABSTRACT: This is a paleobotanical study on the leaves and samaras of newly collected fossil maples from the
Miocene Janggi and Yeonil groups of the Pohang Basin, distributed in the Pohang area, Korea, and classified into
8 species, together with some revisions of previous works. The following 6 species have been newly discovered
in the Janggi Group or Yeonil Group: Acer protomiyabei, A. palaeoplatanoides, A. huziokae, A. prototrifidium,
A. pseudoginnala, and A. ezoanum. The fossil maples of the Janggi and Yeonil floras (including fossilized wood)
consist of 10 species and 9 species respectively. The species diversity of Acer is the highest in the Hamjindong
flora among all the tertiary floras of the Korean Peninsula, and the next highest diversity is seen in the Janggi flora.
While cool temperatures were maintained during the Early Miocene, the Pohang area was a better environment
for Acer plants to thrive in than the North Korean environments. However, it is estimated that Acer plants flourished
in higher latitude areas as climate systems got warmer.

Key words: Janggi Group, Yeonil Group, Miocene, species diversity of Acer
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Table 1. Fossil species of Acer recognized in this study and accepted from the previous works in the Janggi and Yeonil
floras (*: new occurrence in this study).

. Janggi flora Yeonil flora
No Species
leaf samara wood leaf samara
1 A. rotundatum Huzioka 0
2 A. protomiyabei Endo 0 *
3 A. palaeoplatanoides Endo *
4 A. huziokae Tanai * *
5 A. prototrifidium Tanai 0 *
6 A. nordenskioeldi Nathorst 0 0
7 A. pseudoginnala Tanai et Onoe *
8 A. ezoanum QOishi et Huzioka 0 *
9 A. pohangense Kim 0
10 A. fatsiaefolium Huzioka 0
11 A. protomatsumurae Tanai
12 A. endoanum Huzioka 0
13 A. minokamoensis Jeong et al. 0
14 A. momijiyamense Takahashi et Suzuki 0
15 A. pohangensis Jeong et Kim
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UE2(Platanus) @] M3} A SR UF-S3(Acer) 25
o] A& EFsI 735 HaIsih ©]°o}A] Endo
(1950, 1951, 1953), Huzioka (1954a, 1954b, 1972),
Chun (1982), Tanai (1983), Ablaev et al. (1993), Lim
et al. (1994) & Kim (2008)]] 2J3] =712 <1 A7}
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Fig. 2. Geological map of the Pohang Basin (Um et al., 1964) and fossil locality.
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1964; Yoon, 1975; Yun, 1986; Kim, 1987). o] &+
A= Umet al. (1964)2] 54 E575 wWstth Um et
al. (1964)°] &JstH, AYFTZ 671 SO2 A=
Ak At A Holli= 471 Fol 23T 3H d-F
749 93 Frfl= AYITY ARSeU £33l
A ™= ek 18 2= A A9 A D=9} 314
A S LrEpiIT.

TYESE AR 72T F715 2 AAA
ti Qubk o 77 nlel ez 24T A%
(Huzioka, 1972; Kim et al., 1975; Takahashi and
Kim, 1979; Bong, 1981; Jeong et al., 2009), &2 1L
A9 AslE 9tHChun, 1982). 18|31 dYZ2FS
A2 F7]01M F7] nlo] 242 21 QIR|9HBong,
1981; Chun, 1982; Yoon, 1982; Choi et al., 1984;
Yun, 1986; Yamanoi, 1992; Chung and Choi, 1993),
7] ato] Ao 4] F7] mto] eAlEh= A= ot
(Kim, 1990; Yun et al., 1991; Yi, 1992). 3}AHeke] A
At S ofgt 7152 A= 19.92~22.05
Ma, AYZte] A= 15 Ma o]c}(Lee ef al., 1992).
ol 3H4 Athe} A= A7

5.7 ot

7|15 ALSTAA AEE 3 EEUF
&2 712 &3 T3 @A I = A" F
< &3hH & 13} o] F 15F0lt}. 254 A7)
A LN EE2 47 1050 9522 4
HH, 4F0] F AETe FEoIth & 71EY] A+
oM 715 LS 34 715 ol FEH
o A 7152 o, d e EvlE
AR g2 A2 A st

Systematic descriptions
Family Sapindaceae Jussieu 1789
Genus Acer L. 1753
Acer ezoanum Oishi et Huzioka 1972
Fig. 3a

Acer ezoanum Oishi et Huzioka: Huzioka, 1972, p. 63
Acer protomiyabei Endo: 1950, p. 15, pl. 3, Fig. 11

Material: KNU-20150620 (samara)

Description: This species is represented by a
single samara. The samara is 3.3 cm long and 1.1
cm wide (the length to wide ratio is 3.0), and it is
oblong in outline. The wing is broader in the middle,
gradually narrowing towards the base. The apex
of wing is rounded. The outer margin is gradu-
ally curved and the inner margin is convex, which
then narrows through the contact scar of the seed.
The veins are not numerous, branch dichotomously
more than three times, and curve inwards. The
seed is thick and ellipsoidal in shape (1.2 cm long
and 0.7 cm wide). The contact scar is distinct (0.6
cm long). The angles between the outer margin
and the contact scar is less than 25°.

Occurrence and distribution in the Korean Peninsula.
This species is found in the Duho Formation of
the Yeonil Group. This species was recorded in
the Tertiary strata, Japan (Tanai, 1983).

Remarks: The present samara is similar to that
of Acer ezoanum, which was originally described
by Oishi and Huzioka (1943) from the Cenozoic
strata of Hokkaido, Japan, particularly with regard
to the ellipsoidal seed. Later, this species was re-
described in detail by Tanai (1983). However, the
two forms differ in terms of a few minor charac-
teristics: in the present samara, the veins are not
numerous and the angles of 25° between the out-
er margin and contact scar is considerably larger
than that (less than 10°) of the Japanese samara.
These minor differences can be used to differentiate
between the Korean and Japanese samaras.

A. ezoanum is easily distinguished from other
species of Acer by its wing and ellipsoidal seed,
as recorded in the Tertiary strata in East Asia.

Acer huziokae Tanai 1983
Fig. 3b-3e

Acer huziokae Tanai: 1983, p. 326, pl. 11, Fig. 2

Materials: KNU-20150704128, 20150509, 20150510,
20150511 (leaves)
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Description: This species is characterized by
the number of leaves. Each leaf is trilobed, varia-
ble in size, and usually 3 cm long and 4 cm wide.
The leaf margins are entire. The lobes are trigonal
to narrowly trigonal and separated by a broadly
opened obtuse sinus; the central lobe is slightly
larger than the laterals. The leaf apex of each lobe
is acuminate to attenuate, sometimes accompanied
by a caudate tip. There are three primary veins; they
are strong, radiate from the base, and enter the

lobe apex. There are more than 6 pairs of secon-
dary veins, arising suboppositely from the primaries
at angles of around 30°-40°, gently curving up-
ward and then ending at the margin. The tertiary
veins and fine veinlets are not preserved.
Occurrence and distribution in the Korean Peninsula:
This species is found in the Keumkwangdong
Formation of the Janggi Group, the Duho Formation
of the Yeonil Group. This species was recorded
from the Miocene to the Pliocene in East Asia

Fig. 3. Acer species from the Duho and the Keumkwangdong formations. a. Acer ezoanum Oishi et Huzioka. Duho
Formation, KNU-20150620, b-e. Acer huziokae Tanai. b. Keumkwangdong Formation, KNU- 20150704128, c.
Duho Formation, KNU-20150509, d. Duho Formation, KNU-20150510, e. Duho Formation, KNU-20150511, f-i.
Acer nordenskioeldi Nathorst. f. Duho Formation, KNU-20150502, g. Duho Formation, KNU-20150506, h. Duho
Formation, KNU-20150507, i. Duho Formation, KNU-20150508.
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(Tanai, 1972).

Remarks: The present leaves are characterized
by trilobed leaves with entire margins. These
characteristics agree well with those of the origi-
nal leaves of Acer huziokae described by Tanai (1983)
from the Tertiary strata in Japan.

The leaves of A. huziokae are similar in shape
to those of A. prototrifidium defined by Tanai (1983)
from the Late Miocene Tatsumitoge Formation,
Japan. However, the later form is distinguished

from the former by the presence of minute teeth.

Acer nordenskioeldi Nathorst 1883
Fig. 3f-3i

Acer sp.: Huzioka, 1943, p. 135, pl. 25, Fig. 1
Acer nordenskioeldi Nathorst: Huzioka, 1972, p. 64

Materials: KNU-20150502, 20150506, 20150507,
20150508 (leaves)

Description: The leaves are palmately 7 lobed,
4-6 cm long and 5-7 cm wide. The leaf margins
are finely to coarsely serrate by an acute sinus
and each lobe is deeply dissected. The leaf is at-
tenuate with a caudate tip at the apex, and the
basal pair of lobes is smaller than the other lobes.
The primary veins are stout, palmately emerging
from the base, nearly straight, and ending lobe
apex. The secondary veins are distinct, opposite
to subopposite, occur in more than 7 pairs, di-
verge from the primaries at angles of 40°-70°,
gently curve up, and enter the teeth. The tertiary
veins are fine, arising from the secondaries at wide
angles. They are further subdivided and connected
to the neighboring veins, forming small square
to pentagonal meshes. The fine veinlets are not
preserved. The petiole is partially preserved.

Occurrence and distributionin in the Korean Peninsula
The species occurs in the Duho Formation of the
Yeonil Group. This species has been known in
the Tongcheon, Yongdong, and Hamjindong flo-
ras in North Korea (Tanai, 1983).

Remarks: As stated previously by Tanai (1983),
the leaves have been referred to as Acer norden-
skioeldi Nathorst from the Neogene of East Asia
by various authors. The leaves’ lobation, lobe shape,
and marginal serration take many forms. According
to Tanai (1983), the leaves of A. nordenskioeldi
Nathorst are 5-7 lobed and are finely to coarsely
serrate at the margin. Each of its teeth is often ac-
companied by one or two subsidiary minute teeth
on its basal side. The fine veinlets branch three
or four times in quadrangular to pentagonal meshes,
as presented in Tanai (1976). Although the pres-
ent leaves do now show any fine venation char-
acteristics and subsidiary teeth at the margins,
they are referable to A. nordenskioeldi Nathorst
(see Tanai, 1983) in terms of the number of lobes
and the presence of marginal teeth.

A. nordenskioeldi Nathorst is similar to A. proto-
matsumurae in leaf form, originally described by
Tanai (1983) from the Late Miocene Tatsumitoge
Formation in Japan, but the latter form is dis-
tinguished from the former by its distinct dou-
ble-serrate margin with acute sinus. As indicated
previously by Tanai (1983), some leaves of A.
nordenskioeldi Nathorst also show a double-ser-
rate margin, but their principal teeth are not as
conspicuous as in A. protomatsumurae Tanai.

Also, A. nordenskioeldi Nathorst was recorded
in the Miocene strata in Japan and China (Inst. Bot.
and Inst. Geol. & Palaeont., 1978; Tanai, 1983).

Acer palaeoplatanoides Endo 1950
Fig. 4a

Acer palaeoplatanoides Endo: 1950, p. 11, pl. 3, Figs. 1,9
Acer palaeoplatanoides Endo: Huzioka, 1972, p. 65, pl.
8, Figs. 9,9

Material: KNU-20150621 (samara)

Description: This species is represented by a
single samara. The samara is 2 cm long and 0.6
cm wide (the length to width ratio is 3.3), and is
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oblong in outline. The wing is broader in the
middle, gradually narrowing towards the base.
The apex of wing is rounded. The outer margin
is straight and the inner margin is gently convex,
which then narrows toward the contact scar of
the seed. The veins are numerous, dichotomously
branching, and curving inwards. The seed is thick,
semicircular, and 4 mm in diameter. The contact
scar is distinct and 0.5 cm long. The angle be-
tween the outer margin and contact scar is 50°.
Occurrence and distribution in the Korean Peninsula
The species occurs in the Duho Formation of the
Yeonil Group. This species was recorded in the
Kilju and Hamjindong in North Korea (Tanai, 1972).
Remarks: The present samara is characterized

d

by its semicircular seed and angles of 50° between
the outer margin of the wing and the contact scar.
These characteristics are similar to those of Acer
palaeoplatanoides from the Hamjindong Formation
in North Korea in terms of size and form, as de-
scribed by Endo (1950). However, according to
Tanai (1983), the angle between the outer margin
of the wing and the contact scar of A. palae-
oplatanoides is 60°-90°. Although the present sa-
mara shows some variations, it is referable to A.
palaeoplatanoides.

Acer protomiyabei Endo 1950
Fig. 4b, 4c

1cm
- —

e

Fig. 4. Acer species from the Duho and the Keumkwangdong formations. a. Acer palaeoplatanoides Endo. Duho
Formation, KNU-20150621, b-c Acer protomiyabei Endo. b. Duho Formation, KNU-20150031, ¢. Keumkwangdong
Formation, KNU-20150704115, d-e. Acer prototrifidium Tanai. d. Duho Formation, KNU-20150622, e. Duho
Formation, KNU-20150623.
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Acer sp.: Huzioka, 1943, p. 136, pl. 23, Fig. 5, pl.
25, Fig. 4

Acer protomiyabei Endo: 1950, p. 13, pl. 3, Figs, 5, 8

Acer meisenense Endo: 1950, p. 12, pl. 3, Fig. 4

Acer miyabei Maxim.: Lim et al., 1994, p. 150, plL.
80, Fig. 7

Materials: KNU-20150704115 (leaf), KNU-20150031
(samara)

Description: This species is represented by a
single leaf and samara. The leaf is partially pre-
served, pentagonal in outline, palmately 5 lobed,
and more than 9 cm long and 12 cm wide (the
length to width ratio is 0.75). The lobes are sepa-
rated by a broadly opened sinus; the central lobe
is slightly larger than the laterals, the middle and
upper lobes are oblong in outline and abruptly
acuminate at apex, while the basal pair of lobes
is shorter than the adjacent laterals and acute at
the apex. The leaf margins are slightly dentate,
having two to three pairs of dentate teeth. The
leaf base is broadly caudate. There are five pri-
mary veins, and they are weak, curve slightly,
radiate from the base, entire the lobe apex. The
secondary veins have 5-7 pairs in each lobe, are
opposite to subopposite, and arise from the sec-
ondary at angles of 30°-50°. They are nearly straight
or gently curve up, and some of them enter the
marginal teeth. The fine veinlets are not preserved.

The samara is oblong in outline, slightly fal-
cate, and 1.8 cm long and 0.6 cm wide, with a
length to width ratio of 3. The wing is rounded
at the apex. The outer margin is slightly incurved,
and the inner margin is gently convex. The veins
are numerous, dichotomizing more than three
times, and curving inward. The seed is large in
comparison with wing size, orbiculate, bulging
outward beyond the width of the wing, and 1.3
cm long and 1 cm wide. The contact scar is dis-
tinct and 0.5 cm long, and the angle between the
outer margin and the contact scar is 45°.

Occurrence and distribution in the Korean Peninsula:

This species occurs in the Keumkwangdong Formation
of the Janggi Group and the Duho Formation of
the Yeonil Group. This species has been known
in the Yongdong and Hamjindong floras in North
Korea (Tanai, 1972).

Remarks: Acer protomiyabei was established by
Endo (1950) from the Miocene of the Tongcheon
Coal-mine in Gangwon-do based on a single sa-
mara, and later, it was redescribed in detail by
Tanai (1983). The present leaf and samara agree
well with those of A. protomiyabei described by
Endo.

As mentioned previously by Tanai (1983), the
epithet ‘profomiyabei’ has nomenclature priority
for Miocene leaves and samaras that are related
to the extant A. miyabei.

Acer prototrifidium Tanai 1952
Fig. 4d, 4e, Fig. 5a-5f

Acer trifidium Thook and Arn.: Kanehara, 1936, p. 83

Acer prototrifidium Tanai: 1952, p. 234, pl. 22, Fig. 13

Acer prototrifidium Tanai: Huzioka, 1972, p. 66

Acer trilobatum tricuspidatum Heer: Lim et al., 1994,
p- 150, pl. 80, Fig. 8

Materials: KNU-20150622, 20150623 (leaves), 20150
704116, 201550624, 20150625, 20150503, 20150504,
20150505 (samaras)

Description: This species is represented by the
number of leaves and samaras. The leaves are
palmately trilobed, and the leaf is 6.5 cm long
and 7.1 cm wide with a length to width ratio of
0.9. The leaf base is broadly obtuse. The margins
are remotely serrate with minute teeth. The lobes
are trigonal to narrowly trigonal, separated by a
broadly opened sinus; the central lobes are near-
ly the same as or slightly larger than the laterals.
The apex of each lobe is attenuate, often with a
long and caudate tip. There are three primary
veins. They are stout, radiate from the base, are
nearly straight, and enter the apex. The secon-
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dary veins are distinct, with more than 6 pairs,
opposite to subopposite, diverging from the pri-
maries at about 40°-50°, and curving up near the
margin. In the toothed leaves, the secondaries
end directly in the teeth or fork near the margin,
with one entering the teeth and the another join-
ing the super-adjacent secondary. In the entire
margined lobes, the secondaries form large loops
just near the margin. The fine veinlets are not
preserved.

Samaras are quite variable in shape, have an
oblanceolate outline in general, are 1.5-2 cm long
and 0.5-0.6 cm wide, and have a length to width
ratio of 3-3.3. The wing is broader in the upper
middle part, narrows slightly towards the base,
and is rounded at the apex. The outer margin is

j

Ve ctdnf"

nearly straight or slightly concave, and the inner
margin is broadly convex, reaching the contact
scar of the seed. The veins are fine, numerous,
dichotomize more than three times, and curve
gently inward. The seed is thin, flattened, sub-
orbicular, and 3.3 mm long and 1.7 mm wide.
The contact line of the seed is distinct and 5 mm
long. The angle between the outer margin of the
wing and the contact scar of the seed is 37°-40°.
Occurrence and distribution in the Korean Peninsula.
This species occurs in the Keumkwangdong Formation
of the Janggi Group, the Duho Formation of the
Yeonil Group. This species was recorded in Tongcheon,
Gungshim and Hamjindong, North Korea, and
was also widely distributed in East Asia during
the Late Oligocene to Early Pliocene (Tanai, 1972).

1cm
|

Fig. 5. Acer species from the Duho and the Keumkwangdong formations. a-f. Acer prototrifidium Tanai. a. Duho
Formation, KNU-20150704116, b. Duho Formation, KNU-20150624, ¢. Duho Formation, KNU-20150625, d. Duho
Formation, KNU-20150503, e. Duho Formation, KNU-20150504, f. Duho Formation, KNU-20150505, g. Acer
pseudoginnala Tanai et Onoe, Duho Formation, KNU-20150501, Figs. h-j. Acer rotundatum Huzioka. h. Keumkwangdong
Formation, KNU-20150704122, i. Keumkwangdong Formation, KNU-20150704123, j. Keumkwangdong Formation,

KNU- 20150704125.
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Remarks: The characteristics of the present leaves
and samaras mentioned above agree well with
those of Acer prototrifidium Tanai established by
Tanai (1952) from the Miocene Yeonil Group, Korea.
As mentioned by Tanai (1983), the trilobed leaves
of A. prototrifidium are often confused with the
toothed leaves of A. trilobatum (Sternberg) Braun,
but the latter form is distinguished from the for-
mer by larger double-serrate teeth and absence
of a fimbrial vein.

A. prototrifidium closely resembles A. huziokae
in terms of the number of lobes, as described by
Tanai (1983) from the Late Miocene Tatsumitoge
Formation, Japan, but the latter form is charac-
terized by its trilobed leaves with entire margins.

Acer pseudoginnala Tanai et Onoe 1972
Fig. 5g

Acer sp.: Huzioka, 1943, p. 137, pl. 24, Fig. 8
Acer pseudoginnala Tanai et Onoe: Huzioka, 1972, p. 66

Material: KNU-20150501 (samara)

Description: This species is represented by a
single samara. The samara is 4 cm long and 1.2
cm wide (the length to width ration is 3.3), and
broad oblanceolate in shape. The wing is broad-
er in the middle and rapidly narrows towards
the seed. The apex of the wing is rounded. The
outer margin is straight and the inner margin is
obliquely convex near the apex, then narrowing
toward the contact scar of the seed. The seed is
thick, semicircular, and 0.4 cm in diameter. The
veins are numerous, dichotomously branching,
and curving inwards. The contact scar is distinct
and 1 cm long. The angle between the outer mar-
gin and the contact scar is 12°.

Occurrence and distribution in the Korean Peninsula:
This species occurs in the Duho Formation of the
Yeonil Group. This species was recorded in Paekdong,
North Korea.

Remarks: Acer pseudoginnala was originally de-

scribed by Tanai and Onoe (1959) based on a sin-
gle well-preserved samara from the Paleogene
Shichiku Formation, Fukushima Prefecture, Japan.
The present specimen is characterized by its
broad wing and small angles (12°) between the
outer margin and the contact scar. These charac-
teristics agree well with those of A. pseudoginna-
la, as described by Tanai and Suzuki (1960) and
Tanai (1983). A. pseudoginnala is similar to the ex-
tant A. ginnala Maxim. A. pseudoginnala commonly
occurs in the Tertiary outcrops in East Asia.

A. pseudoginnala is similar to A. protodistylum
in shape and size, as originally described by
Endo (1950) from the Paleogene deposits of the
Fushun Coalfield, China, based on a single samara.
However, as noted previously by Tanai (1983),
the latter form is characterized by a small seed,
slightly slender oblanceolate wings, and angle of
26° between the outer margin of the wing and
the contact scar of the seed.

Acer rotundatum Huzioka 1943
Fig. 5h-5

Acer rotundatum Huzioka: 1943, p. 129, pl. 24, Figs. 1-3;
pl. 25, Fig. 2

Acer subpictum Saporta: Huzioka, 1943, p. 129, pl. 24,
Figs, 4-6; pl. 25, Fig. 3

Acer pictum Thunb.: Limet al., 1994, p. 149, pl. 79, Fig, 2

Acer subpictum Saporta: Lim et al., 1994, p. 149, pl. 79,
Figs. 1, 4-7; pl. 80, Fig. 1

Acer kotchkoriensis Kutuzkina: Lim et al., 1994, p. 150,
pl. 80, Figs. 2,3

Materials: KNU-20150704122, 20150704123, 2015
0704125 (leaves)

Description: This species is characterized by
the number of leaves. The leaves are petiolate.
The lamina is semi-orbicular in outline, about 7-8
cm long and 6-8 cm wide, and palmately 5-7
lobed. The lobes are lanceolate with an acute to
acuminate, and sometimes, a caudate apex. The
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lobe margins are entire. The sinus is broadly trigo-
nal, obtuse, or round at the bottom. There are 5-7
primary veins, which are straight and lie at an
angle of 27°-40° to each other. The secondary
veins diverge from the primaries at angles of
50°-60°, curve up slightly, and entire the margin.
The fine veinlets are not preserved.

The leaf base is rounded and slightly cordate.

Occurrence and distribution in the Korean Peninsula.
This species occurs in the Keumkwangdong Formation
of the Janggi Group. This species was recorded in
the Myeongcheon, Yongdong, Kilju, and Hamjindong
in North Korea.

Remarks: Acer rotundatum was established by
Huzioka (1943) from the Miocene strata in Korea
as having 5-lobed and entire-margined leaves
with a rounded base and a caudate tip. Later,
this species was supplemented with well-pre-
served samaras from the Neogene strata in East
Asia (Tanai, 1983). According to Tanai (1983),
this species is characterized by 5-7 lobed leaves
with entire margins and caudate acuminate
apices. Although the lobes of the present leaves
show some variations in number and size, their
characteristics agree well with those of the origi-
nal leaves of A. rotundatum Huzioka. This spe-
cies is commonly found in the Neogene strata in
East Asia (Tanai, 1983).

A. subpictum Saporta, described by Huzioka
(1943), is synnonymous with A. rotundatum Huzioka
according to Tanai (1983).

Furthermore, Lim et al. (1994) also reported
the characteristics of A. picturn Thunb. and A.
subpictum Saporta from the Middle Miocene stra-
ta of Kilju and Tongcheon, respectively, in North
Korea. The former species is characterized by its
5-lobed leaves with entire margins, while the
latter is symbolized by its 7-lobed leaves with
entire margins. According to Tanai (1983), those
characteristics agree well with those of A. rotunda-
tum Huzioka. Thus, we include the two species of
Limet al. (1994) in A. rotundatum Huzioka.

Huzioka (1943)7} 3t 2| g 2] #3754 7]
St Acer rotundatumi} A. subpictum_Q] ZEAHO

Geto] A7 gleke Folr, 5 £ 47 Aug
4 Qe §Us 715 DR Solth A G4l

o) 572 ek FAE 72 Lreolzich
Tanai (1983)= EHE| =0f 2}o]7} Lz A2 ¥o]
of 7191%t Aoz Bi TS AAle] ZAFH
Bk ol 2} Tanai (1983)9] A. rotundatum®] 5%
oy EFoll= SorrlotllM Eire A. subpictum
& ul2e 165 o|4po] Eahelo] ek, olo} Z& 7
9= Lim et al. (1994)0] 32| A|37]|F0|A Bl
£ 8%-0) 14 BEUROIAE Jtob 2 9o,
A, Lim et al. (1994)0] B3It Acer pictum}t
A. subpictum-2 =3 ALR 3} 7)Ao ol5hd, = £9
A9 A7)0fl= AZEY] Fpol7} YR, A= %‘334
o] 57o]aL FA}7}F 7k HE A YshE F F2
5% @lo] A%7} gleke Mol FFolth. ol
EAEL2 Tanai (1983)7} 213t A. rotundatum}
FejHoz uhe visich T F Fo) 2 4
9] z}o| & Wolof| 23t Aolata Bl A. rotunda-
hnz} §AEO| ALY 2L Fo2 B & ik Eg
A. kotchkoriensis2 7| AF A& AFo|HA EHo|
57hol s e o] Abers] Zhow Aol
ERS zh=r} 315 149 gHo] 22 AL Qo)

o= R+ AT

agol7] YEY S= ek w4 9o S 3
23 Lim ef al. (1994)9] B27} epgat 2 9l

Agk glo] Z7]0] Wol7t At e 1St A
rotundatumo] B 2dolgt WA=t A. rotunda-
tum2 EF} A H 2| AAFHoNA E3HA ArEEH=
sh4e] sttol, ALA3719] mho] o Mok Seto] 4]
Eebo] BolAlolol = Ye] REs}5ickTanai, 1983).

=4, Lim et al. (1994)0] BAFA d2GEF
(A. japonicum)T} 2 A O2 7|A8t A. japonicum
of g gwe] ot Ado] BAR Q= BHO
ZRE #dshH, Tanai and Onoe (1959)71 4-E-2]
A37]1ZolA AFo 2 7|8t A. protojaponicumo]]
Fejz.0 2 )¢ vlsle vel WS eFe
HF 02 7SS Aol RRAA 48 Ao B
THEIT) o] %2 shikEo|A Hete] GRIEAE R
A F4s5HA &3 A th(Huzioka, 1972).
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AR, Lim et al. (1994)0] 37]2] ST} 71 A %]
£ 7= of il A. trilobatum tricuspidatum 2 7]
et F2 159 71 A 2 whkstH, Tanai
(1983)7} A 3] A7 A0St A. prototrifidium2] EA
= A2 GRSt} A. prototrifidium-S goFA o}
O] S A F7|5E SOl A 271714 g A
Rom, L BX o AYFTT H53 2 H 9| A37]
20| BES= AT FHAA = 4Eo] EA 3l
tH(Huzioka, 1972).

A, Lim et al. (1994)0] 714§t A. cf. nequndo2]
%2 Tanai (1961)7} LE2] A|37]| 0l A @AY<]
LA, nequndo) T} ¥]5=3t Qlof] i3l A. proto-
negundo® 7| Ag A7}t FefH o2 ufj-9- v]=s}}.
AAE Hol= Ao} fAFolAG 2L Foz B
T Utk @AY HFETF2 o 2|717t YA
ojm thE TtFUT] AT g £Yo] BF 35
W7F 2of Aoz sjaHAN, g2 79717}
He ASE ok 2 94 T g3 e
ola Fdo & AX|7} Utk (Lee, 2006). A. proto-
negundo= A1A|37] 2] mto] @ A| 27|92} F710]| AA
AHEEH, 53 A9 85 AElA {FYsHA
e} A oh(Huzioka, 1943; Tanai, 1983).

TR, Acer miyabeir= YE-2] A37|FollA Ab&
H gufjof 7|23} Endo (1950)7F Hrg7t S0l
Zof 9 3}Ao] F71ERA] Tanai (1983)9] o3 A.
protomiyabei 2 Fg o] A E T} Lim et al. (1994)
o] 53to] FxlFollA A&t dufell 23 71A g
A. miyabei= FEHOZ A. protomiyabei 2} ofj-$- H]
ok o] F& 2 FopAlote] mhol A %o
A AAEEY, A= 23 A9 A7 W A
A AELT 53 299 54 ¢ &5 AETolA
71 A = Stk (Huzioka, 1972).

XA, Lim et al. (1994)0] gt 7§12 G 3}4 9]
71z38t 71AgE A. of. palaeodiabolicum-2 7142}
AR o2 B 3t A, palaeodiabolicum3}t k7t Th2
t}. 0]F-2 Endo (1950)7} & G=9] A|37| - A
{3l Zolt}. Tanai (1983)0] 2|89, o] &9] 7}
& 54 FY stte F @ 29 S
7N AT}e] Z}o] 8°-17°9 ®jol] =t ¥ial, A.
cf. palaeodiabolicum®] A|T= 45°2 A T A2t 7ho]|
2o} Zjol7} v At} o] 2ol7 2] Folo] ozt
ZR1A] ofH WHolof oJgt ZRIA| wslr] ojHet.

45°0]| vls=st 718 Zk= Auli= A. rotundatum (30°-45°),
A. prototrifidium (30°-40°), A. protojaponicum (55°-90°)
o] SIAR W7l 2719} ek A2 The. ot o]
= 59 o= A9 Holhal AHAIR H F2 3
A HHo| wAE W7tA] A. of. palacodiabolicum 2.
2 Bt 70| eeelrin BekEch,

tH, Acer palaeoplatanoides+= Endo (1950)7} &
o A)edo] PAFAN ASE 3 SEUE o]
<75t A= Foln] 27 £4)9] ddsTolA
5= ARSI QI o] T2 FotAlore] AlAI37] <] vl
ol2A] A|FolA gol 4hEE I lek(Tanai, 1983).
A. huziokae= 3E3}; EA9] 71571 AUl
A A AAEEAT o] T2 FotAore] AlA|3719)
upol @ AoflA E=to] LAI7HA] 1hEo] LAtk
(Tanai, 1983). A. nordenskioeldit= "go}A|oFe] }o]
LA A EEto| 2o A Hol AtEE T, Fte
9] B 37] AEto] 3 FAeE AEEE Foltt
(Tanai, 1983). A. pohangense=Kim (2008)¢] AL
SwollA Gl SH4of o) BTt FolH 2 2N
o} £42 Zenh ol AR SoPAlololA
S5 ALF PN AT Sl

9ol A] 3=2I3k v} gro] Lim et al. (1994)0] Bt
A o] A37] oA Bt 8F-9] SFrhFoll ALg
) £352 Tanai (1983)7} SobilotollA] 7|28
BE BFUR 58 A el) ool A1 ALE
H o] giiEolt) 1 0]§= olul: Lim et al.
(1994)9] E3o]| Tanai (1983)9] =8o] gl= Ao
2 n)%o] Ko} 9] =BS Auata E e
o2 H7HEL, Yej B0 2AT Fo BRE
&3] LR @FAE)0l pHHE 5 U ETLT F
o 3712 opletu Al Aol Basit. ®
e ool A& oA A7 IS 2T AL SEA
859 3ty IFUFE ERIPAT AlFHos B
® ol Be ol . IRL T3k BA
ofu g} gt A A= Yat oo tf o] ¢
A om BEE] JHja SATo] fUT BR
7120] 57] uhgoltt. 9 FUF] &oh= o]
2te 919 F7], A% % Aol o] Holh &
31, 32|31 Fo] EEk= Qo A S AR H|
B RS0 Bol A ] tEel Ste = 73}
7] o] th(Tanai, 1983). 3t GufjofA = 22 Fo|
2} s Wrhe] Z7)9k Fejol chapet ol ik
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L Ao| A Zhang et al. (2013) 2] ALZEE Tl
%It} Zhang et al. (2013)2 8%2] HAJF9] Lujf
o] Yeh= ¥ol& AL, FUFol2HE Al41A]
7h =9 4o 2719 FEj7t th=A Uehde,
3t TG Aoj= A2 thE 87FR 9 ¥iol7} 3= &
sttt olef 22 WHol7h Yehhs A%l A4
Fart o= o w71y 2 230] gt
27| W&o 2 34 %1 Itk Zhang et al., 2013). B
qt ofuz}, Zhang et al. (2013)0] A|AJgt 8 FH=Z 2}
< Ao A FE & A7 oo x| = 871A] FEjo] &
o] s = G N7F EE HEHR I7) & dntke
24g 2748) B St zto] sk Wsle] ojw
F2g0] UER A gfec). 2 RRo)A Zto] o 2
A e 3L o | 2E 2 FRo|A 2o
o 2] vehio)E sk webd A7k 3k @
whe] Bl A5 ALgHo] $Hel o] e Ao
o= AT 4 9l 7)20] ohfeks AR o)
th. o] Rol| tial| Zhang et al. (2013)2 & Woll P
2 jab e Zie B140) 74 15 Ei Sdo] 50
3 - qJrh 72 Tejsfob st sk gk
et 22 T A B, HkzofA ot &
o] FejA S0 sl 71 E 19F0l= T8l
FTYZFY o7t 23tE ] Yle TR Aol 2
7] W o] AR MY S 1R X H A
Pe Ao R FAE T2t 344 9] 9ol = ol
o] {HE wdst=t AE L, EIF ARS

A 2RI 4= e = ER ik o] ol

2 34 ABe] BRE dTde] nre 234 o7

= 9Eopr| = it wahA 344 0] 7 B Hegt
T EFE oA 4o FHd ERER ot et &
O Fz9 EARE F71e da ol ok f71E
o] HEro] Ql= At A8 =W [Schulzes’
maceration method, Harris (1926)]& o]-&3}o] #|
Zstal SEto|EE ThEo] Ao g AEA| &
1] 22 S TS v|w A TS A ERE 4
tH(Kim and Kimura, 1987). 0|9} Z+-8- 5} S o]
&5t 2T T FERY AA37]S-lA Acer ro-
tundatum?] F3] AEZ7} 8952 vl7} lck(Kovar-
Eder and Sun, 2009). $HHt=o A= dHo]7]|= 3}
A9k 323}Fo A e o] AR glor,
% dF= 729 27 & B2 AE Urh(Ee,
1982). 1ejut o33t EESE Wol| o= AL

AAA o= ot EAIR 0] itk

Kim et al. (2008)0] g3t vjel Zo] A& f-A|
£ WREE W} 53285 AR 34 3tEE= 2
oflA g+ ZHAI7E ZF 7| ;olut L7 ReEE AdEHE
olFE o AE tE EZFF U 3ow HER
o} webA o]F 3] WA EH 22 JiAo|HA
T 7| WEE B BOHEE AR O TS 24
Hr}. olof T2 WA HH, A7| St ©F
W&o Qa duj 2 7|AE 52 3] 34
EAeF 22 AA o &dh= Ao] UE AR B2t
HA9E G712 AdE o] YEhA] =322
AT B = e FAE ok R E 27
EA oA E1E A SIS AES 3 B4
£ Z351o] F 1550 o2t} ]2 Huzioka (1972)
7} 71571 QYIS gt 65 v|sHH
FT7helerd o2 Z7HE As & 4 Aok

A7 e AlE e 24 o Y= 715
oA MR, AYAETS 2 71% WA
234583 24| 7| % (Huzioka, 1972; Chun et al.,
1983) = 2] WA otdf 7] oA HAds AL
2 2= 3 Ity (Chung and Choi, 1993). %7]4]
E2 Y& 55 A Bk A7) vto] 24 €]
Aniai®g A&kl thH|H L et $As 20 E
£ Y208 JH9ELTE AR 5t ol Mg
7} &%= o] Qlth(Tanai, 1961; Huzioka, 1972). 71
21 AYA ST T2 d2 YA ofguiA A=
o] FAE o|FH, &9 T2 A Ho| Bxdl= F
7] mfo] 2A|9] Dajima® A&kl thH|=a Stk
(Huzioka, 1972; Kim et al., 1975). 18]}, < Lim
et al. (2010)9] Aol 51, A7]59] sHatet

I 28ES2 Aniaig AETol SRR AR

FEEY AEAE AYMEZT nRI7IAR o
£9] Dajima® 4|&wol £t} 1 olf=, 353t
=39 3H4 BAjols 57 A AR e
o] EAfoll= FE7t As] A5 wizeld. ol
AL Jeong et al. (2009)0] A3t vEe} o], AU A
9 S8 olddl 7157t 20 WA ot EdiE ¥
e Aol

F 2 7|5 93T 4FURS AE
(B =4 A2 L2 AniaiF A& % Dajima¥
Aol vlagt Zolok. 74 &2 752 Aniai
B AETT 459 FEFol dYAELY 9FL
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Table 2. Common species of Acer between Miocene strata of Korean and Japan.

Korea Japan Korea Japan
No Species Janggi Aniai Yeonil Dajima
flora type flora type
1 A. rotundatum Huzioka 0 0 0
2 A. protomiyabei Endo 0 0 0 0
3 A. palaeoplatanoides Endo 0 0 0
4 A. huziokae Tanai 0 0 0
5 A. prototrifidium Tanai 0 0 0
6 A. nordenskioeldi Nathorst 0 0
7 A. pseudoginnala Tanai et Onoe 0 0
8 A. ezoanum Oishi et Huzioka 0 o 0 0
9 A. pohangense Kim 0
10 A. fatsiaefolium Huzioka 0 0 0
11 A. protomatsumurae Tanai
12 A. endoanum Huzioka 0 0 0

Dajima® A&7} 759 3-5F°] 242 EAsk=
Ao =HE Aol Ath= AL & o Aok &3
A71AETA 71" FEY RS Aniai®
A5+ Dajimag AlEol|A] A=A Qi o]
AL wo] @A Feto 7159 W37} Fo 22yt
ool oA 2 G FA Fdth= A 9
u]8t7] % ght}. Tanai (1972)+= FotAlotol Al 714
H TS AES ol8ste] JSHAFH A Al
HE UEHAT, A7 3+ AYS2Y] EEU
& FE2 AEAIYZE A= ASe] B dEel
Aoz Edishs A2 Letsitt

SHH, SHEE 9] A| 37] 50l A 7]E0] HirH 314
Zol o] AFolA A2 E1E FE& S5
3 33} Zo] F 23F9] o] T HH 77 4
E FolA 53] AF-HH A9 A FAET
o] 12F o2 7P WAL 1052 2= T} A9 &
714 zo] 1 thgolck. 7] ABE FolA B4
23} $EHEZY Ak 17| vjol 2.4, BAE
AEFL IR Uulx) 4EFL BT 57 vlo]
N2 &HA Jch(Huzioka, 1972). 284 1 59
Aol oJstE, A7 Ade] FENE R 7
Ao BHABTE) At 212t g2l LA} 7]
aho] 2 Alo]ek (o and Pak, 1996). $1o] 714 e
= AP HH, o] A 7] npo] 4] Fetof| A
EH Y2 715 stoflA= x7F A9 "3 XY

Hop GFURE A Eo] WSkt o A3 2
o| AT, T Fof] & WA o}dtf) 7| = st
HA SIS AE] L= A FofA o HAdgt
Aoz FAE
A37)ol W%t S o SR WHS As
Slod ) BRI A x| Hof| tZE|Z Yo Dipteronia)
I FFUFE(Acer) o] 20752] @ARPFo] EEdkL
Qlth(van Gelderen et al., 2005). TJZH| 2 ol&2
2302 FAHA, Yojx] £ BE SRR
o] £3H(Ko, 1991; Lee and Lee, 1991). ©-FU5F
o) thpe Bkl oo x|ejo] We) HEai
w9 g Ao gt Aol EEgt
(Tayler ef al., 2009). ESt 7| Swtoll A AHEH o
B4 514 2] Bebrie] Ago] EisH ek
HoHKim ef al., 2008; Jeong et al., 2009; Lim ef al.,
2010; Park and Kim, 2010). @-FUF4 459 &
3ot 34 BEAjuhE R, shtzolA 7]
nto] @ A A ETE2 Aol T3tk 2 7]% 5t
oflAl Ao, o]t 7|F= F7] mho] A 71A]
AEEHUS Aoz FHH
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Table 3. Fossil species of Acer recognized in this study and accepted from the previous works in the Tertiary strata

of Korea ( fossil woods).

Flora

No Species

Janggi  Yeonil

Tongcheon Yongdong Hamjindong Gungshim Gogeonweon

A. rotundatum

(0] (o) (o)

A. protomiyabei

(0] 0

A. fatsiaefolium

o |0 |O |O
o

A. protomatsumurae

A. palaeoplatanoides

A. huziokae 0

A. endoanum

A. prototrifidium

[0 |[J|AN|Nn | W |~

A. nordenskioeldi 0

—_—
(=]

A. pohangense

o |0 |OC |0 |C|O |O

—
—_

A. ezoanum 0

Ju—
\9)

A. tricuspidatum

—_—
w

A. palaeorufinerve

Ju—
N
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