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ABSTRACT: The cones and seeds fossils of Pineaceae from the Miocene Duho Formation (Yeonil Group) were
studied and classified into 3 subfamilies, 5 genera, and 6 species as follows: Pinoideae (Pinus miocenica Tanai,
P, cf. prekesiya Xing, Liu and Zhou). Abietoideae (Picea kaneharai Tanai and Onoe, Tanai, Pseudotsuga tanaii
Huzioka). Laricoideae (Pseudolarix japonica Tanai and Onoe). Among them, Pinus cf. prekesiya Xing, Liu and
Zhou, Picea kaneharai Tanai and Onoe, and Pseudotsuga tanaii Huzioka were first recorded in the Yeonil Group.
Among the 5 genera of Pineaceae, the genus Pinus appeared first and its fossil record can be traced to the Early
Cretaceous of Korea. Fossil plants of Pinus, Picea, Pseudotsuga and Pseudolarix are found together with fossil
pollens. The leaves or cones of Keteleeria have been known, but their fossils have not been discovered yet.
Meanwhile, the leaves or cones of Abies, Tsuga, and Larix have not been found, but their fossil pollens have been
recorded from the Yeonil Group. It is presumed that Keteleeria ezoana, Pseudotsuga tanaii, and Pseudolarix
Japonica might had flourished during the Miocene, but they were extinct after Miocene, because their native species
did not distribute in the Korean Peninsula.
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2w FIE B LEHE AYF T
S550] 4 £1pRake] Fak(cone) ok FAH(seed)
o] Ajzo] YR E L} Huzioka (1972)0] I,
AL SolA 71 E BHA A5 173 274 35350
o|Ett. o] 52 tFE Holl o ERE FolxL, +
et T2 Foll Y3 £RE F9 F+= o Aok
Huzioka (1972) 9] = o] § L2} FA}of| T3t &
T= A 3 E vpE QAT 22 o287 F4,
TA 9 29| FHAof| gt A7t L K=ok 1
A3} U (Acer) (Kim, 2008; Kim et al., 2017),
AHUEFZ(Albizia)(Kim, 2005, 2010; Kim et al., 2009),
SAES(Kim, 2009), 22]3 AU Carpinus)(Kim
and Nam, 2017)¢] | 2-& F-o] F7}=| et H27t
7] AYEFNA 71 LpRTIe) BHAEE 242
E 7 o] A9 (Huzioka, 1972), 3-of] Kim (2009)
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A4 2R A8 FHAE FoIA 7H Tk
53 3 THfamily)oln] ASILE Ei dPnE
© 2 104 250%(Jones and Luchsinger, 1986; Ko,
1991; Lee and Lee, 1991) = 114 250&(Taylor
et al., 2009)0] Z2 Buko] ot 2] <jo] REHA
g, eutEe, Al WA F, Fu|eh Qe ARoE &
E3tckJones and Luchsinger, 1986; Lee and Lee,
1991). 2UHFah= -2 uatol = 5%o] ZAHYskar ¢l
(Ko, 1991). Lee (1986)= AU+3t+9] 314531 &
50| Haz ot B disf AAlsHAl Astsltt. o]
AL AT 3T FABAY BE2E of=T|
A3 JEE ATl Fot

M, AUZTolA = BH Ao} SHEo] RS
Al A== 11 Jc(Takahashi and Kim, 1979; Bong,
1982, 1985; Chun et al., 1983; Choi and Bong, 1986;
Chang et al., 1988; Yamanoi, 1992; Chung and Choi,
1993). 0|59 Aol oJsf ALSFHY Bs Fofl &=
Upte] shito] i RHE o] glrks Ao) 8l
gich. E 2ubpake] SH BRI se] 4715
Fol 7RRHU R ST} "L Lo] W s} A/t
(Jeong et al., 2004; Kim et al., 2008; Lim et al., 2010)
AL STl A= @A7HA] AHEE o] itk

AlE 3H 9 e, AERAIE thFE Rk

o
4>
i

N
0
a

EA 25 AA SHgtE = oA o, 7],
o, FA Y S T 22 7 7)do] e E £
Ho, E2E VIS AR E XY &2
Zof| HEZE7] %= S (Kim ef al., 2008b). o]=0°] 3}
Hoz w9 BUBANE 77T A
2 o2 shEg 2 ek vehd olsh 22 |3
SSS F71H R dFsto A=AE Bdche
A o] "t=A] &4 3cH(Kim ef al., 2008a). o] 9]
mjo A i}, T B FAHY] SHA T BHA AEA 9
o F2% ARE AlFd & 5 Arhs HlA
-9 S 23tttk o] F flsiA= ARt T dAol
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oA ATt viet o] au-Fate)] SLuke} FA}
st of thgt 273H At AR o9 m|Rgk
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FoFolA AHE avFae] Lt 222
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A 912 ool 593 B 72 SM 25
841 7S skt WA 2RI e 24
AR =K Lee, 2006)T APG LFELEZK Yun, 2017)
& Fashglch AT Sh40) 49 et 5
2] E4of| &Jsf) 471¢] ofik(Farjon, 1990)2, Al
A=) o3 37he] ATLAEE TR Tt
(Wang et al., 2000). 212} @A) A= 3719 o}
T2 R QItkKo, 1991). E3F ApFELES 2
7e) o0 2 B = SHHCritchfield and Little,
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3. 7 X9l X|=}b ALY

2 A Gof| EEZ3H= AYST9] T4 Tateiwa
(1924)°] &J8fi A= A= U 1= AYFS st
o] ARl 420 AN AR FEIst 1
F 2] ofe] ATASol ola) SAja 2414 <
71 Y= JATHUm et al., 1964; Kim, 1965; Yoon,
1975; Yun, 1986; Chough et al., 1990; Noh, 1994),
FA4 PRI PP A= 922 Bshn qrt. o
Aol A= Yun (1986) 9] F-4] S WETE Yun
(1986)& AAZTS 2 RE Aokl 500
m 7)), TPZ(F 600 m FA)) R F53(2F 300
m BA)9 37 Bo2 PRSP 1). T
Zo|%h MY E AR B350 2 A EM A A
39 FAREE, v3hd 9 ojgalE o] wol
ARZE T gtk ZF 3] e W8 242
Lee (1987)°] 23l 3Al15] 2] = At

S50 B w70l aHE ol 714 22
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2004), ¥Hd3f 273(Chough et al., 1990; Hwang and
Chough, 1990), Z18]3 A&} 37 (Kim, 1990)7}A]
cepaiet,

AYEO] A A= AAE5E(e.g., Kanehara,
1936a, 1936b; Yoon, 1982; Lee and Yoon, 2004),
341 E(e.g., Huzioka, 1972; Chun, 2004) ¥ 7%
% 7%, 3HE 52 v|gh4(e.g., Kim, 1965; Lee, 1975;
Bong, 1981; Chough et al., 1990, Yamanoi, 1992)
5] qio] ofa) YukHo2 3] ool o2 24
w3 ik shighe] o AYETel Arf A
¢F 15 MaZ Yelt=t(Lee et al., 1992), o]A 5
7] uto] @A &] 3} Ao} ek YA gt ghE, A
TARE ZFA F259 sieE et g £
S £33 AA A AFstATHTE 1).
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Fig. 1. Geological map of the Yeonil Group (Yun, 1986) and fossil localities.
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we} o}z Rt Onoe
AL}Rolat 7|3 R L Keteleeria ezoana Tanai
AUEZL Pinus miocenica Tanai, Pinus cf. M&S TS5 Pseudotsuga tanaii Huzioka
prekesiya Xing, Liu and Zhou SduFotat
ZyFolat Y A4S Pseudolarix japonica Tanai and
THEE| S Picea kaneharai Tanai and Onoe
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Fig. 2. Pinaceae from the Miocene Duho Formation in the Pohang Basin. a-c. Pinus sp. cf. P. prekesiya Xing, Liu
and Zhou, KNU-3222153, 060326443, 060326006, d-g. Pinus miocenica Tanai, KNU-20090913, 20031009, 20080820079,
20031117, h-i. Picea kaneharai Tanai and Onoe, KNU-20030680, 20041917, j-k. Keteleeria ezoana Tanai, KNU-
980026, 20031099, 1. Pseudolarix japonica Tanai and Onoe, KNU-20042014, m-n. Pseudotsuga tanaii Huzioka,
KNU-20131508, 20080820197.
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Systematic description

Order Coniferales Dumortier
Family Pinaceae Lindley
Subfamily Pinoideae Sprengel and Rudolphi
Genus Pinus Linne
Pinus miocenica Tanai
Fig. 2d-g

1961 Pinus miocenica Tanai, p. 256, pl. 2, fig. 2.
Ishida, 1970, p. 61, pl. 1, figs. 15-16. Huzioka,
1972, p. 38, pl. 1, fig. 10.

Materials: Seeds; KNU-20030913, 20031009, 2008
0820079, 20031117.

Descriptions: Winged seed is blade-like in shape,
obtuse at apex; wings are commonly 3.2~4.2 cm
long and 0.8~1 cm wide at widest middle part of
wing; small one is 2.3 cm long and 0.6 cm wide;
seed is elliptic, 1.4 cm long and 0.7 cm wide. Outer
margins of wing are nearly straight and inner margins
are broadly convex outwards on the distal one thirds
of the wings.

Remarks: The present seeds agree well with
those of Pinus miocenica Tanai described by Ishida
(1970) from the Miocene floras of Japan. Pinus mio-
cenica was established by Tanai (1961) based on the
two-needled leaves from the Middle Miocene floras
of Japan. The leaves of this species commonly have
been known from the Miocene floras of Honshu
and Hokkaido of Japan (Tanai, 1961), and also from
the Yeonil Flora of Korea (Huzioka, 1972). The seed
of this species was first discovered in the Yeonil Flora.

According to Tanai (1961), Pinus miocenica Tanai
is closely similar to the modern two-leaved pine
of Pinus thunbergii Uyeki, and P. densiflora Siebold
and Zuccarini, and in particular more similar to
the last species. The extant P. densiflora Siebold
and Zuccarini is now widely distributed in Japan
and Korea (Tanai, 1961; Lee, 1986; Ko, 1991).

Pinus sp. cf. P. prekesiya Xing, Liu and Zhou
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Fig. 2a-c

1928 Pinus sp., Ichimura, pl. 16, fig. 5 (non 6)
1972 Pinus sp., Huzioka, pl. 1, fig. 11 (non 12)

Materials: Cones; KNU-3222153, 060326443, 06
0326006.

Descriptions: Cone is ovoid to conical, closed,
symmetric, 7.3 cm long and 4.4 cm wide, with a
tapered apex, and cordate at base, about 53 in num-
ber in plane view, helically arranged about the cone
axis, and expanded at each apophysis. In plane view
basal apophysis are vallate, broadly rhombic, al-
most pyramidal, 1.4 cm wide and 0.5 cm high; ap-
ical apophysis is long rhombic, 1.2 cm wide and
0.3 cm high, but ridges are not preserved. Umbo is
located slightly above the middle part of the ov-
uliferous scale, dorsal, elliptic to rhomboidal in plane
view, 4 mm wide and 2~3 mm high, slightly sunken
and with a small mucro on the middle part of umbo.
Transverse keel arises one by one on both sides
of the umbo; each mostly reaches the conjugation
between apical and basal apophysis. Stalk is shot,
0.4 cm long and 0.5 cm wide.

Remarks: As already mentioned by Xing et al.
(2010), cone and apophyses are very important
for the systematics of Pinus and have been de-
scribed in detail by Klaus (1980, 1989). The pres-
ent specimens are represented by one fully pre-
served cone and three partly preserved cones. These
cones are considered to represent the same spe-
cies due to morphological similarities of the ov-
uliferous scale complexes. In particular, the ov-
uliferous scales are characterized by expanded apex
with a apophysis and an umbo. These features can
be safely assigned to the genus Pinus (Miller, 1976;
Stockey, 1983; Xing et al., 2010).

Xing et al. (2010) described this-type of cones
as Pinus prekesiya from the late Miocene of Yunnan,
China. The present cones closely resembles those
of Pinus prekesiya Xing, Liu and Zhou in size and
shape of the cones. However, two forms differ
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from one another in a few minor characteristics:
In the Korean cones, the umbo is located slightly
above the middle part of the apophyses, rhom-
boidal to elliptical in shape, whereas in the umbo
of Chinese cones is located in the middle part of
the apohyses and elliptical in shape. For this rea-
son, we regard the present cones as Pinus sp. cf.
P. prekesiya Xing, Liu and Zhou.

So far, more than 21 species based on the cones
have been known from the Neogene floras of
Japan, Korea and China (Miki, 1957; Tanai, 1961;
Xing et al., 2010). Among them, 10 species have
been known from the Early to Late Miocene flo-
ras as follows: Pinus fujiii (Yasui) Miki (Yasui, 1928;
Miki, 1941; Tanai, 1961), P. trifolia Miki (Miki, 1939;
Tanai, 1961), P. oligolepis Miki (Miki, 1941), P. pre-
kesiya Xing, Liu and Zhou (Xing et al., 2010), P.
dixoni Gardner (Mai, 1986), P. ornata Sternberg (Mai,
1986; Teodoridis and Sakala, 2008), P. engelhardtii
Menzel (Mai, 1986), P. hampeana Unger (Mai, 1986),
P. nodosa Ludwig (Mai, 1986), and P. urani Unger
(Mai, 1986). Of these, Pinus fujiii (Yasui) Miki re-
semble P. cf. prekesiya Xing, Liu and Zhou in having
characteristic umbo and similar form of transverse
keel. The former species described by Yasui (1928)
and Miki (1939, 1941, 1957) from the Miocene floras
of Japan. However, the cones of Pinus fujiii (Yasui)
Miki is much smaller than those of the P. cf. pre-
kesiya Xing, Liu and Zhou. Moreover the cone of
P. cf. prekesiya Xing, Liu and Zhou is about twice
as large as in size than those of Pinus fujiii (Yasui)
Miki. Similar cones assigned to Pinus trifolia from
the Neogene of Japan (Miki, 1941) is distinguished
from P. cf. prekesiya Xing, Liu and Zhou by its large
sized asymmetrical cone (12~14 cm long and 8~9
cm wide) with typically 3 leaves.

Pinus fujiii (Yasui) Miki described by Tanai (1961)
from the Mio-Pliocene flora of Japan, is also dis-
tinguished from Pinus cf. prekesiya Xing, Liu and
Zhou by its small conical cone and lateral margins
with rapidly tapering toward the apex.

Huzioka (1972) refigured Ichimura’s two cones
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(pl. 16, figs. 5, 6) regarded as Pinus sp. (pl. 2, figs.
11, 12). These two cones were found by Ichimura
(1928) from the Miocene Tongcheon Flora of Korea.
As already mentioned by Huzioka (1972), Ichimura
(1928) did not show any characters of ovuliferous
scale complexes. Huzioka (1972) also mentioned
that two cones may be specifically new to science.
However, at first glance of two cones, they differ
from one another as follows. The cone of Huzioka’s
fig. 11 is conical, whereas that of fig. 12 is long
elliptic with parallel margins. Although the char-
acters of ovuliferous scale complexes in the cone
of fig. 11 is unknown, it is highly probable that it
belongs to Pinus cf. prekesiya Xing, Liu and Zhou.

Subfamily Abietoideae Rich and Sweet
Genus Picea Dietrich
Picea kaneharai Tanai and Onoe
Fig. 2h-i

1961 Picea kaneharai Tanai and Onoe, p. 17, pl. 1,
fig. 9. Tanai, 1961, pl. 1, figs. 3-4. Tanai and
Suzuki, 1965, p. 3, pl. 7, figs. 2-3. Ishida, 1970,
p. 61, pl. 1, figs. 11-14. Huzioka, 1972, p. 37,
pl. 1, fig. 6.

1961 Picea magna MacGinitie Tanai, p. 253, pl. 1,
figs. 5-7. Huzioka, 1964, p. 62, pl. 1, figs. 15-16.

1961 Picea miocenica Tanai, p. 253, pl. 1, figs. 12,
15. Huzioka, 1964, p. 12, pl. 2, figs. 1, 1a, 2

Materials: Seeds; KNU-20030680, 20041917.

Descriptions: Winged seed is elongated oblong;
wing is 1.6 cm long and 0.7 cm wide, rounded at
apex; seed is oblong, 0.6 cm long and 0.4 cm wide.

Remarks: The external morphology of present
seeds agrees well with those of Picea kaneharai Tanai
and Onoe. The latter species was established by
Tanai and Onoe (1961) from the Mio-Pliocene flora
of Japan based on the seeds. Tanai (1961) also es-
tablished Picea miocenica from the Miocene flora
of Japan based on the ovuliferous scale and seed.
However, Huzioka (1972) synonym list cited above,
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includes some of the specimens identified by earlier
works as Picea magna MacGinitie (Tanai, 1961) and
Picea miocenica Tanai (Tanai, 1961).

Picea kaneharai Tanai and Onoe is close to the
modern Picea polita Carriere. The latter species is
distributed in the mountains of Japan (Tanai, 1961,
Huzioka, 1972).

Genus Keteleeria Carriére
Keteleeria ezoana Tanai
Fig. 2j-k

1961 Keteleeria ezoana Tanai, p. 251, pl. 1, figs. 16,
40-41. Tanai and Suzuki, 1963, p. 99, pl. 1, figs.
2-4; pl. 2, figs. 1-2, 31. Matsuo, 1963, p. 231, pl.
44, fig. 8, Ishida, 1970, p. 60, pl. 1, figs. 4, 9, 10.
Huzioka, 1972, p. 38, pl. 1, figs. 8-9.

Materials: Seeds; KNU-980026, 20031099

Descriptions: Winged seed is blade-like in shape;
wing is 2.8~3.2 cm long and 0.9~1 cm wide, outer
margin is slightly bending towards the inner part,
inner margin is convex, widest at the middle part
of wing and then gradually narrowing towards the
base, obtusely rounded at apex and acute at base;
seed is elliptic in shape, 1.3 cm long and 0.5 cm wide.

Remarks: The general features of present seeds
agree well with those of Keteleeria ezoana Tanai.
Keteleeria ezoana was originally described based
on the cone-scales and seeds by Tanai (1961) from
the Middle Miocene flora of Japan.

Keteleeria ezoana is similar to the modern Keteleeria
davidiana Beissner (Tanai, 1961). The latter species
is now confined to southern China and Taiwan of
eastern Asia (Tanai, 1961; Ishida, 1970; Lee, 1986),
and is not native in Korea and Japan (Huzioka, 1972).

Genus Pseudotsuga Carriere
Pseudotsuga tanaii Huzioka

Fig. 2m-n

1964 Pseudotsuga tanaii Huzioka, p. 60, pl. 1, figs.
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5,5a, 6,6a,7, 7a.

Materials: Seeds; KNU-20131508, 20080820197

Descriptions: Winged seed is small, elliptical;
wing is 1.6 cm long and 0.6 cm wide, roundedly
obtuse at apex. Seed is elliptical, 0.6 cm ling and
0.3 cm wide.

Remarks: The present seeds agree well with
those of Pseudotsuga tanaii Huzioka originally de-
scribed based on the some detached leaves and
seeds by Huzioka (1964) from the Miocene flora
of Japan. This species has also been known in the
Janggi and Gogeonweon floras (Huzioka, 1972),
but it is first discovered in the Yeonil Flora.

Subfamily Laricoideae Miller
Genus Pseudolarix Gordon
Pseudolarix japonica Tanai and Onoe
Fig. 21

1961, Pseudolarix japonica Tanai et Onoe, p. 17, pl.
1, fig. 5. Tanai, 1961, p. 257, pl. 1, figs. 18, 19, 24,
27, 33-35. Kim, 2009, p. 600, fig. 2G.

Material: Seed; KNU-20042014

Descriptions: Winged seed is elongated trian-
gular in shape. Wing is small in size, 2.2 cm long
and 0.8 cm wide in the widest part, outer margin
is nearly linear, inner margin is convex, gradu-
ally broadening towards the lower part, widest
in the middle part, and then gradually narrow-
ing towards the base, rounded at apex. Seed is
not preserved. Stalk is short, 0.1 cm long and 0.1
cm wide.

Remarks: This species was established by Tanai
and Onoe (1961) from the Middle Miocene to Pliocene
flora of Japan based on the ovuliferous scale. The
winged seed of this species was described from
the Middle Miocene to Pliocene floras of Japan
by Tanai (1961). The present specimen agrees with
those of Pseudolarix japonica (1961). Kim (2009) have
described Pseudolarix japonica based on the sev-
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eral ovuliferous scales obtained from the Yeonil
Flora of Korea. This species has also been known
in the Miocene floras of Asia, Europe and America
(Miki, 1957; Tanai, 1961; Tanai and Onoe, 1961; Li
and Yang, 1984).

The ovuliferous scale of Pseudolarix japonica is
somewhat similar to those of Abies or Keteleeria,
but differs from them by its shape and small lan-
ceolate bract (Tanai and Onoe, 1961). The monotypic
genus Pseudolarix includes both extant and fossil
species, and is restricted in modern distribution to
central and southeastern China (Miki, 1957; Manchester
et al., 2009).

5 E 9

aRte] S4E Bukre] wels)e} A4 A
FolA 2UFE, AURS, iR, ddut
52, 7MY, Yeed Sol msol ot
(Manchester, 1999). o|5¢] tji-&-2 e=d &4t
ol 9o} Eaka QAT Aul AL
&2 ofA|o} T P X Fofgt XL QU=
Aoz &HA Qlck(LePage and Basinger, 1995).
olelgh apRte) A|2)H BEBY ofa} E
3 FPF ] FALAE v ESt] Z1Ffof| g ot
9] A7} JekMiki, 1957; Critchfield and Little,
1966; Miller, 1976; LePage and Basinger, 1995; Fu
et al., 1999; LePage, 2003; Manchester et al., 2009).

5.1 AL}Fofnt

5.1.1 AU Pinus miocenica Tanai

29%9] Pinus miocenica Tanai= Q&) Z7] uf
ol 9 M) A EZNH HE 71A4E o]e(Tanai, 1961),
UE 9| ulo] 04| AEFA HHEHZOZ AEET
Q= Fo|ti(Ishida, 1970; Huzioka, 1972). AdS
AWM= 2852] P. miiocenica?} EeiA JATHHuzioka,
1972), 21 FA+= oHol| A2 7| =it} Kanehara
(1936b)= ALZTo 4 2Alo] 28 Yok B5
3 o 5059 34 A1EL 714 glo] 71 @A T A
Az Fo] AR g A7 e 702
Fatol o]tk AFoll= U5 FAL, Pinus sp.
a9} Pinus sp. b7} = o] Itk I3y Huzioka

o
4>
i

N
0
a

(1972)= AYIZTolA 7]E0] HuH 34 AES
BT A ES L AEofA == URF=, o
719 Kanehara (1936b)7} 7|53 AUpF4:0] &
Aol gk ol s glck. avbide] FA7) 4k
SEPTL F= 1 FEL oju] 2AEYIL EFF,
71 Y 28 Q= Arejo| 22 Pinus miocenical)
F79h 2 AR ohE the AA BT 5
At & Chun (1982) = AYITolA AUF Q)
2 A3} Pinus sp.2 EF3ch. P. miocenicas

F 13 Zo] AdLAET ol9ef B AEZlA=
=]

PASIA] 9kt

B, AUFToIN AHEE 2ubRo] 54 5
£-2 Pinuspollenites pseudolabdacus Takahashi, P.
pristinipollinicus (Traverse) Takahashi, and P. tae-
daeformis (Zaklinskaja) Ke and Shi 9] 35-& H|&%
3}oq(Takahashi and Kim, 1979), Pinus type 1-3(Bong,
1985), 12) 7 2L 7|2 E7] QgkATE AR
30| T AAEE YitHBong, 1982; Chun et al., 1983;
Chung and Choi, 1993). o]ZAC2 Ko} AL}
& o] = 3% ol4o] AAYTHE AL & 5 YA
29042 o] ofi= Fo} BHa} 1 Telo] QA

+ gats] & 4 ek,

5.1.2 2U52; Pinus cf. prekesiya Xing, Liu and
Zhou

Pinus cf. prekesiya Xing, Liu and Zhou®] 3}
< @A AL =TI FAAETIAT LA A
t}. Ichimura (1928)+ Y= 53 & A=A}
BT o)A 184 25279 3H &S 714 glo]
7158k, a5 ol Pinus sp.ofl 2709 Ay
& FapE 2AR1eE A 7155 ] itk Z12)3 Endo
(1938) = B4 &1 9] -2 Aaof| A 37 2145 26
2R 34 4EE BT o7|o|E AR
49| e} 2217} Pinus sp.2 7|25 o] QIR
7Rk AR gitt Huzioka (1972)+= Ichimura (1928)
7t 2AAT 2719 FHE A9 =l 8-S
HA(pl. 1, figs. 11, 12) I o] H&s}A] ki 3¢
of chat AAIE E4o] glrks e s 1
2 Pinus sp.2 EHF3F0E 22U Huzioka (1972)
7} A 2188t Ichimura (1928)¢] 18 113} 125 &
B2 Q] "ol A vlas) B, T 112 2] FE)
7HdE-Ad5E Y Aol vl 18 12+ F2 B3
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Table 1. Fossil species of Pinaceae reported from the Miocene floras in the Korean Peninsula (*; new occurrence

in the Yeonil Flora).

Floras

Ne Species Janggi Yeonil Tongcheon Yongdong Hamjingdong Gungshim Gogeonweon E‘;ﬁ;ﬁ(ﬁ References
1 Pinus miocenica 0 Huzioka, 1972
2 Pinus cf. prekesiya * * this study

3 Pinus sp. o Ablaevetal., 1993
4 Pinus sp. 1 o Lim et al., 1994
5 Pinussp.?2 o Lim et al., 1994
6  Pinus sp. 3 o Lim et al., 1994
7  Pinus sp. 4 0 Lim et al., 1994
8  Pinussp. 5 o Lim et al., 1994
9  Picea kaneharai o * o this study

10  Picea ugoana 0 o Huzioka, 1972
11 Keteleeria ezoana 0 0 Huzioka, 1972
12 Pseudotsuga tanaii o o this study

13 Pseudolarix japonica o Kim, 2009

14 Pseudolarix sp. A o Kim, 2009

15 Pseudolarix sp. B o Kim, 2009

& 0]%3 glof A2 o7k thErhs 1€ 9 4 gk
I 112 H|E F9 EA| o EAo] HEEHA] ¢
AR ko] 27)9F FE)7} Pinus cf. prekesiyal]
Hlzsic) v 29 12+ T S3A19 E40]
7] Hzoll ATHA 2pFEo] &= ZAA =
A= AT 4 glon, AFA Bee AR}
B4:0] F7H(Lee, 2006)0]] T BBt 21pRAS
drrE o= F2 Aol 9= apophysisol] 2H2 5
Folut e g o) wiE, WE oF ol Ao S
2 UY7H= 3 7iR 9] transverse keel, 18] 1 AE7]
(mucro) 5] £} J3) AiRIe] T} &5} 7
HEtiMiki, 1957; Klaus, 1980, 1989; Frankis, 2002).
3t B3l x| ol A= Ablaev et al. (1993)7} &
3t T AY | FGof| A Pinus sp.5 123 Lim et al.
(1994) = o5, 73} & 5HH X Hof| A b9
570 BFS 242 7IAst T o] A o= Kol &t
42 o] @A) Fetofl -uete] ZHR|of g7 &
ZPh= A & 5 Aok Y & 13 o] &
F&of 87)9] ERato]l EHA AT, nAAF 6
BEHTE AQEhE AAR 250 Exsict YR
Aol W AURLe] 9%(Miki, 1957)0]
ulahe chepAo] WolAith, WA AUpRAL pE
5 Ee WE0 R Bkt ¢ 10050 £ZskaL §)

R

o, eyt e 5Fo] AYsH=H| 2gF 2=
AR (Pinus densiflora Siebold and Zuccarini)®}
H&(P. thunbergii Uyeki), 5850 2= ZARFE(P. kor-
aiensis Siebold and Zuccarini), =3P, pumila
Regel) Y BRI P. parviflora Siebold and Zuccarini)
7} 91tH(Ko, 1991). 7 S0l A 2¢4-0] TL(P. thun-
bergii) 2] F+3H(Lee, 2006)+= Pinus cf. prekesiya®] 7+
o} v ssatct.

Miller (1976)2} Taylor et al. (2009) 5] o]|0] A5
3t o} o), @ 2 Rolate] 71 oo Mz
o Bolejelr} wagelolite] A Efololr)
oA Ba1E Compsostrobus2 LA It Delevoryas
and Hope, 1973, 1987). &L} SR ALpFS0] H]
Segh 3Pl wiels e Uely] Ak Taylor
et al., 2009). 20 7 o FEH Ao 2 24

= Ze Wy)oe] 512 wiekA|o] 4 (Albin, 1960),
Je) Hopuleizte] A wlelAlol A 7tz wE
AUERL0] St 5ot Miller and Malinky, 1986).
Y& o] WoA oM 113HE FEi = HER AT
£:0] Q) 31X o] B 1 E[JrhStockey and Ueda, 1986).
E3 fEuete] wWoly] 2| Fof| A= AbRlo|u 71
£ QAT 2UHREE9] Qlo] 3R o2 LS EQlch=
7120] Yehdth(Tateiwa, 1976). Tateiwa (1976)9]|
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O, ME Xgte]| REsh= 2tE A5 H &
Sl o Z 9] FHEARS ol A AURFE(Pinus sp.)
o] ¢lo] Moz AREH I NS A A7)
wo}7] o] sjofZto] thu]ElthChang, 1987). Pak
and Kim (1996)°]] 2J5}H, E3to] nhg it A= &
A of] F3£Sh= 7] wio}7] o] B A h2 5Ho] $hg
AlZal AARo] iuE|E o g JLHE]T 9)1) Tateiwa
(1976) 2] TH2-AF32 Pak and Kim (1996)<] gH2-A}
T FYS A o= wekdrt E3, Pak (1984) = gt
BARSOIA 7ERY 2H Aee Basi=d|, 1
220 AU Pinus sp.7t E3HE 0] Qi) o] 2
I Sl Tt A& SEUztelA] ofw|
A7) Wot7] Fetol] AxHor Faxgvt= A5 &
4 Qltt. Wely] o] % dAY AUpRELTL H|Sgt 34
= AAI3719] mlo] e A| AlEolA HHEFo R
Bt

5.2 HL}Fol}

5.2.1 7128JUEE; Picea kaneharai Tanai and Onoe

Picea kaneharai Tanai and Onoe= YE 9] &7|
uto] @ A|-Egto] @A AEtolA ket FAto]| 9
3 A= Fo|th(Tanai and Onoe, 1961). o]F2
23 A 99 A7) AlEwtat B3] §lE AlEtel
A FAL 3HA o] 242t e A IAITHHuzioka, 1972),
AUZTANN = TR A2 ARSE T E3L 7
BIUE29] P, ugoana Huzioka (Huzioka, 1972)=
53299 S5 F2lF AEoA Aol ¢
A AR, AUZZo A of X WA ekgieh

7R H| UL 0] 314 SRE-2 Picenepollenites alatus
Potonie®} P. saccifer Takahashi®] 2 (Takahashi
and Kim, 1979)3} Picea type 1-3(Bong, 1985)°] Z}
2} otejA Sk o] Ao R Hol gAlo] FhEu[LR
S0 ol Ajo] A3k AL ok 4 gl

e, Aol ot Fatel sl dus
oA WA eFokAIE, BH S olo] o
] JtHChun et al., 1983; Choi and Bong, 1986;
Chung and Choi, 1993). 85} olUj2} Abiespollinites
giganticus Takahashi, A. cf. microsaccoides Krutzsch,
A. sibiriciformis (Zaklinskaja) Krutzsch & A. yoni-
lensis Takahashi®] 4&F= &2A Qlch(Takahashi
and Kim, 1979). 0|22 ZAJ ol AUHF&9] of 2] &
F7HBERYTHE AL ojulait. 5o} 27 2o

o
4>
i

N
0
a

A= AUFEL] fEkEo] AR E AL §)7] wiief|(Kim
et al., 2008a) AYFToNA = Qolut a7} A
Ao sAE ro R ofo] digt A7vt o Wa
sk maEc

THEH|URE9] L3 3HA2 A|A|F o= o @A
2} et of d071e] 344 7] =o0] reiA ik
(LePage, 1991, 2001). 121} LePage (2003)°] 2
3, o] 5] thREe QLB AIo AL EL Bek
3 7|Rol 7123 Aole shalgo] AolHrt 3k
o, B TS A T o] oF 40%(Ko,
1991) E+= 50 (Jones and Luchsinger, 1986)°]
d, Fot|2|7l, Fotrotel Ezs -2juttol=
FEHUE, R § BRI e 350
AYFH(Ko, 1991). Tanai (1961)0]] 2Jahd, 3445
P. kaneharait= Q|| A AFAYS}= P. polita Carriére
o} AR, Selubelel] BEsh erothLee,
2006).

5.2.2 7|24 Keteleeria ezoana Tanai

Keteleeria ezoana Tanai= QYE2] mlo] 4| 7]
O] A ZoA AhEE Fet FAto] o5 HYHE F
o[ch(Tanai, 1961). 0] F-& $-2]hee] Aol A2
I 1A AEFONA QI AT 47 A A
tH(Huzioka, 1972). Chun (1982)& AYLZ&7o)A
Keteleeria ezoana®} K. sp.& EIJPAT 7|A7F ¢
7) dhgol 9917 FA1A & 4 gick. E o] F
L Z30] nlo] @A ARk A & AR EITH(Institute
of Botany and Institute Geology and Palaeontology
of Academy Sinica, 1978). 7| E4I749] 312
AUZToNA TR = GUARE, -9 A7
oA AREEITHBong, 1981). wabA] AUFollA
&= 7184 Shto] HAE 7ol Atk

T C PRSPPI R DEE SRR
7te] mejelA) BEoke] of oA] AEEolA 1)
I Lo S A AETtolA] 22 HuE
(Meyer and Manchester, 1997). 0|42 82 &
7] ZR| AR Hlo] 2A] Al7]ofl A=t Manchester
et al., 2009). 7] A4S AT o AAIA Q] &
ZE ok QA BNFL ABHEOE 53 ¢
5, o9 2he s, W HEde] ghste] 3% i 5%
o] wxsin] Fotrlole] mpFo YelA gt
(Manchester et al., 2009). $-2luztoll= 2)2)5<]
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K. davidiana BeissuE A3l APRYZFo| B xS}
A grech T2 R | SRS § T oo}
A2 SalatolA nlo] A o] % HEE T AAE

o2 849k

A, ARSI 9 SO Bo] AHEE T 9]
& T (Sciadopitys) 2} wERA|RO |l Metasequoia)
(Huzioka, 1972; Chun, 1982; Kim and Choi, 2008)
£ Sefufolis AAgo] REs}x) ekt T
2121 Sciadopitys verticillata Siebold and Zuccarini
2} Metasequoia glyptostroboides Hu and Cheng-2
P hReE 98 AT Yo S8 AR
£ 14 1508 P48 $502 QB YR A
Apgste, AR AR B SgHe B
B2E7|% 3thKo, 1991). IA= F3 APdA
ZEA AMsh 14 1502 T4, T
stk s} 5] WA WAR FUe AZo|UA Ao
QA= 3k 0 2 F835ltH(Hu and Cheng, 1948).

SlolA et ot Zol F1EAntES, F44 2
ulepAlgtolob-& A Eo] Gl AOR Hof o]
2A| o]F BFE AL QJu]gi}. Kim and Choi (2008)
7h A7 Hiel o), BF Ulo] #7F W3}t rf7<l
A Ee= W7o BAR ARJNA = A3 & 4= ¢t

5.2.3 /&S U< Pseudotsuga tanaii Huzioka

TN&ELE4:9] Pseudotsuga tanaii'=Huzioka (1964)
7} A2 uto] @ A| A Eol| A Yof| 7|25t HY
gk Folth. o] T2 A7|Sw} B3] 1Y A
oA itk T G A AT Huzioka, 1972), ©]
W] Ao AASZLAME FAke] Abzo] Bhl
H Ak MESUFES 2] 314 S-S Pseudotsuga sp.
7} &= A JrHBong, 1982, 1985). 3HE0] EA=
Aol HE549 AlEo] REFTh= A& 43| A
A gt}

otH, &5UEE0] 3 S-S Tsuga ignicula
(Potonie) Frederiksen®} T. heterophyllites Martin and
Rouse?] 20| &= A 913 (Bong, 1985), 1 o]<]o|
£ FYL 0ol Ae SR 81 Bhte) Ak
o] °8 A B 1= ¢JthBong, 1982; Chun et al., 1983;
Choi and Bong, 1986; Chung and Choi, 1993). &}
o] 242 WOl ThA] E4LpRS Ago] REHTH
= A ZASAT, FA7HA] ALSolA dolut
FTAY 342 B R] kgl

=9 5574 7|AE Pityostrobus= 7N&S
U, QRS 9 bR 0] 5744 57
S zka gl Ao 2 dEA QlrkShang et al., 2001).
o|A Hof 215t Kunzmann (2014)2 Pityostrobus
£ MESUTFEe 7 23" dxgolekar B3t
O, AR i Toke] 7P oo sk
o Bojueizte] ol oA AEFMRE Lehdet
(Erwin and Schorn, 2005). Wei et al. (2010)2 7i&
Frpno] BolulelzlolA] ofAlo} olwt 1ge
2 24300, 1 A71E HolE geinAet 1
Stk T ol$ $-2fuietel Ao nfoloA] A
o &S LtTE9] 14 Pseudotsuga tanaii (Huzioka,
1964, 1972)7} o|u] Z2j3}7] Who|c}. TAY 2o AF
EwEo0|H 65(Ko, 1991; Fu et al., 1999) = 7%
(Jones and Luchsinger, 1986)¢] Eold|g)7}, 57 4
ofA]otef B3z5k Q)R 7HKunzmann, 2014), $-2]
uetolls AHFol E3HA] g=th(Ko, 1991). v
Fol2t st} Fofm|g7tolA AFEo= aYE=
W o] 9] Pseudotsuga taxifolia Britt.o]™ dut
o 2 fIeks AurE Edth(Ko, 1991).

53 ULIFot

5.3.1 Yg444; Pseudolarix japonica Tanai and Onoe

Pseudolarix japonica Tanai and Onoe+ &38|
AFE Sl oAl F¢toll §8, S 9 Yol &
A AREE= FolthMiki, 1957; Tanai and Onoe,
1959; Tanai, 1961; Li and Yang, 1984). o] &2 %
& S uete] uo] @A AlE<tofl A WA E ol ¢l
e, 2ol Kim (2009) 93l 3&Fko] A& 7
A= At 7]Eof| ALFolA HAH AL F™o]
QA oflof] A7} A =o] AFEE AT TR Y
FEEY 3 IHE e T2 vldol AR AbEo] &
A Ach(Bong, 1982). o|A .= Ko} FAlof Y
F&o] FEJThH= AL FASHA & 4= it 4,
FARES] 3H 2 Wol LA Sl Aol
H]&ll(Bong, 1982; Chang et al., 1988; Chung and Choi,
1993), 259 Yol FH3HAS opA] A ER] ¢k
pl

55 7H L E 34 7152 FEAloret
Folr|2]7}e] uiet7] x| Zofj A WA = it (LePage
and Basinger, 1995; Manchester et al., 2009). LePage
(2003)7} oJu] AF%t vle} Zro], LePage and Basinger
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(1995)&= frefrlote} Fop| 2)7ke] AT S04 7]
28 Ylgsol BE SHFE AR T, 0|5
Pseudolarix amabilis (Nelson) Rehder®} P. wehrii
Gooch®] 2F2 2 Aejslgict. T8l o] & Fof =
=] ke 7|eLe] S ES BT Pseudolarix sp.
ofl ZSFAIFH T}, P. amabilis (Nelson) Rehder= 3}-4]
27 AN £ & B I35 P. wehrii Gooch:= 3}
4% o 2al 2381t} LePage and Basinger (1995)]]
oI5, dEoA 7IAE P. japonica Tanai and Onoe
(Tanai and Onoe, 1961; Ozaki, 1979)2} S-olAlo}k
oA 7A€ P. fossils Yamolenko (Kryshtofovich,
1956)= Pseudolarix sp.ol| gt P. japonicas
Q9] vfol LAl Bzfo] 2.4 A130| BAH £
o] o) A E Fo](Tanai and Onoe, 1961),
Foll 223} S2luete] ufo] 04] 4B oA % o
A &= Fo|thLi and Yang, 1984; Kim, 2009). &
A o] A7 =2 BT LePage and Basinger (1995)
7} A¥st Pseudolarix sp. B Th= P. japonicaZ F=
Aol o gehz e,

Manchester et al. (2009)0] 2g8HH1e} 20|, Pseudolarix
= Bolalel7lolA] 27177 mlol 2] F2lo)(LePage
and Basinger, 1995), 18|31 @ = Eetole
A o]Z-o]] Ak th(Martinetto, 2001). 1t £
ol 571 ulol 271 ARolie Szfo]e
A7HA] 7120] YehdtKTanai, 1961; Tanai and Onoe,
1961; Huzioka, 1972).

SR FHEEE Pseudolarix amabilis (Nelson) Rehder
o] 17]1] F-o. 28k o]0 Solgh Lolr. o FL
g mRoln] @A F2 FRoh IER 299 100
~1500 m IZA|tfol] AHPSEAL Qlem FopAloke] 11
o2 A Jth(Manchester et al., 2009). $-
gluatoll= A 252 Pseudolarix amabilis (Nelson)
Rehder7} YA AP H3rs]R] 9H=t}(Ko, 1991).
Sasde] £, $4 347 o] 2R viol
oA Fatol] $eRolE deido] BETHE
A& AXohe Fee A2 B 4 Ak

6. 4 E
o 2RI Sl 13t F9 U Fx) S

AT thgat ol dotate] 54 6502 &
Fjoch aupFolahs apRso] 2%, A}

o
4>
i

N
0
a

Rolah FHEuERS, AR, Hed
15450] 34 3%, Sz} Robato] Yel4ol
141502 217} 7A€,

Pinus cf. prekesiya Xing, Liu and Zhou, Picea

kaneharai Tanai and Onoe X Pseudotsuga ta-
naii Huzioka 2] 322 A=A A2 7|4
Aok

U] 5& FolA AupR&ol 7HE WA
SR 1 34 7152 Ut A A7)
Hol7|7kA] 22 0] 7kttt

2UFE, 7TREH UGS, ESUTS 2 Y
FE52 314 Al E 3HE H o] o] Ak
71 SAUREY 3 i Pk dEA QA
9, 3HA SRR WA = A] Tt

AU, $5UTS 9 JddurE9] o7 3t
A2 o] g AT, TEQ] Aot e
A2 A E A] ghgkt

Keteleeria ezoana, Pseudotsuga tanaii "2 Pseudolarix
japonica®) 343 3F-2 H Lol AAH FYFTES
AloJstar FATAT e FEF] vt
o RE}A] ¢z A= Hofnfo] e A o] 3
29 Ao g wokeEch

£ =20 Y77 =& AARIFAI AL W&

of wlu] e AAIS] A HSFA T AAH )P
Z4 o ge] WAL B PAE =YL
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