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ALSTE] F2TolA A= AvFS(Carpinus)©]

4 Z(gne} L o]

5204 A2o] A2E Aol 514 22 AT 2T 20| 502 BRHT: Carpinus sub-
cordata Nathorst, C. stenophylla Nathorst, C. kodairae-bracteata Huzioka, C. miofargesiana Tanai and Onoe,
and C. oblongibracteata Hu and Chaney. F 2] 3352 AUZFANA AL 7|12 H et stz o] 77 Al Al
A37] AET FolA dLHEZY AUFE2 Sthddol 7H8 7 vehd A2 F7] vhol eAldf 2% A9
o] A+t 7]&o] AAETE oF 2T WSk A3t Bedo] gl& Aoz AkEr of2f3t &7 a¢lo] A9
FTUFEE oledl 8T 9L e ACE A = 7]-F7] vho| A Fetol 8% o=
7t @AFN Hls vl B o= FAIY] FHEE ] A 72| MAA o= ARt ofF WEE A
o] J& AL R FAHH. Forrlotol A Aui&e] FE3ke A G} Altho]l uhahA] o2 dofd Ao
A E AT 2oAM = ST A 7ol FES7F LA Lotidar A7) nlol e Ajof Sojet 2 A HAsR
ot Hhof| FtE} T2 37] o] LA F-23F7F dojital F7] uto] Aol Sojet IA W% o=
A9t =l A Distegocarpusd ] C. cordata FEjEol £8h= 452 AIAI37] Sl 257 BFsIATh
C. subcordata NathorstQ} A TA| 7} Q= 7HEP(C. cordata)S @AY SHEE= o A4SkaL It} Eucarpinus
H 9] C. orientalis |7l &3F= C. subyedoensis Konno= AA|37] F<to]] &St 22U C. sub-
yedoensis®l| FAHA 7} Q= ANAW(C. tschonoskiiy= A TR A 4)3taL it
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Jong-Heon Kim and Kye-Soo Nam, 2017, Fossil involucres of Carpinus and their significances from the Duho
Formation of Yeonil Group, Korea. Journal of the Geological Society of Korea. v. 53, no. 6, p. 759-772

ABSTRACT: This paper studied the fossil involucres of Carpinus from the Duho Formation of Yeonil Group,
Korea and the involucres are classified into five species as follows; Carpinus subcordata Nathorst, C. stenophylla
Nathorst, C. kodairae-bracteata Huzioka, C. miofargesiana Tanai and Onoe, and C. oblongibracteata Hu and
Chaney. The occurrence of the last three species is their first record in the Yeonil Group. Compared to the seven
Neogene floras of the Korean Peninsula, Carpinus in the Yeonil flora shows the highest species diversity. This
probably reflects that the annual mean temperature of the Pohang area was about 2 C lower than that of the present
day. During the Early to Middle Miocene of the Korean Peninsula, the number of fossil species is much larger
than that of modern species, which is also probably due to the lower annual mean temperature of the Korean Peninsula
at that time. Speciation of Carpinus in the East Asia shows different patterns depending on area and period. In
Japan, the speciation mostly took place at the end of the Oligocene, and Carpinus greatly flourished in the Early
Miocene. On the other hand, it is presumed that the speciation in the Korean Peninsula and China took place mostly
in the Early Miocene and Carpinus greatly flourished in the Middle Miocene. Four species belonging to the form
group C. cordata of section Distegocarpus on the Korean Peninsula were all extinct during the Neogene. C. cordata,
which has a relationship with C. subcordata Nathorst, is present in the Korean Peninsula. C. subyedoensis Konno
belonging to the form group C. orientalis of section Eucarpinus was extinct during the Neogene. However, C.
tschonoskii, which has a relationship with C. subyedoensis, is present in the Korean Peninsula.
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1. ME

A2 Betulaceae) = 2] A HollA] 7Fg A
3t 2F0|3, AR (Betula), AUEE(Carpinus),
L BT (Alnus), NGRS (Corylus), ST
2(Ostrya) 5°] 7P dE&o]tl(Tanai, 1961). 1%
ol A} AU Carpinus)& SRH9] 2} ol Fr)
A of] 25%(Worobiec and Szynkiewicz, 2007) 1
Z] 35%(Jones and Luchsinger, 1986; Ko, 1991)°]
st S| tifE-S F=tof EaxgicHHiller and
Coombes, 2002). °] 52 @A FoA o714, 3
Zatoko] FR7HA| 2|l Jop|gsto| A Fdot
2]zt A% Ex35}H(Chang and Jeon, 2004), of
o A Hof| k= A =of SFotZ7H) ARt A1 H
o= Bz gcH(Tanai, 1961, 1972; Stults et al., 2002).
M=% 5% (Lee and Lee, 1991; Lee, 2006) W
Z] 425 2¥F(Jeon and Chang, 1997)0] AJ&]s}aL
e AR F AeH Y Aotk AR
A ge) HxgL wopy) 379 ojn] BU Ao
AR QAT (Flora of North America, 1997; Chen
et al, 1999), ALE40] A2 P L TRt 2F 2o
A 2A] 37)9) eIl (Pigg ef al., 2003), 1 &
29| 314 7122 ofAJole} 2] o 24| AZolA
B35 HEndo, 1950; Tanai, 1972; Uemura and
Tanai, 1993; Wilde and Frankenhiuser, 1998). A
AR L2 31A|37] 9] RS04 Bo| AFEE A it

oA 715H 4AI37]Y A2 T2 A HY
77} 2B} 7 (Huzioka, 1972)2 25 A U490
S4ES T TEeT A 2719 344 7j2e
Kryshtofovich (1921)7} Y& FEdjstmef A3 3
712189 BHAE TEslarl gt 1053 vt
Tateiwa (1924, 1924b)7 | \d3lof| E3zsl= A7 15ollA,
Kanehara (1935, 1936)7} S ¢&ol|lA4, Z1=]1 Endo
(1938a, 1938b)7} E3F A|Hof| Ezsh= et
<) erollx] Bgt 514 BBl Roks 4= Ytk o]
A Endo (1939, 1950), Huzioka (1943, 1954), Tanai (1952),
Chun (1982), Ablaev et al. (1993) 2 Lim et al. (1994) 9]

AT E AL}F4 S4E0] 7)S0] mEH oz
LeRd Tt Huzioka (1972)% 7]1&0] SHH=oA 7]
28 AUELe] SIHFS BT YAE ] 3 8%
© 2 A3}t Huzioka (1972)2] £¢H2] A+ o]
3, Ablaev et al. (1993)2 &3+ 17AY X HoA 2
Z2, 1331 Lim et al. (1994)2 BE3lo]| E3zsl= A
3719 2L Bh AA 2R E| 759] BHHL 22t
BB AR AL ZAA IR AL
29| 3}4F-2 Carpinus hokoensis Endo, C. sten-
ophylla Nathorst, C. subcordata Nathorst & C. sp.
7F QthKanehara, 1936; Endo, 1950; Tanai, 1952;
Huzioka, 1972; Chun, 1982). 0|52 ¢ T+ 3E9
A 71 T 2T g9 Fo] F
w2t £40] 317] Wizl 9 Ao A5 o]-&H
o, AAZTHY] FABAE 2ABHE U= F-R51]
o 2of uf$- 83t 344 o|ch(Tanai, 1972).

S, koA AuEEe] SRS dloly 2
o] &jo]| = Sk FAf ol thet H= eS| K= 3L
o} AYS9] 3} Sho] thgt A= Takahashi
and Kim (1979), Chang et al. (1988), Yamanoi (1992)
9 Chung and Choi (1993) 5ol &3} o]FoFth
o] 59| Aol g3l AYFTE BE Fof AUFE
of shio] T Eghlo] glrk Hol BIEIYch
4 B AR AUSTolH AHEE e gl
A, AdE o2 o eoE B 3ael Srges
A C. donghaeensis Jeong and Kim} C. sp.7} X2
315 v} Qek(Kim et al., 2008; Jeong et al., 2009).

Z|of| 2] B Rto] sk F5359
gt 3H Ao A FEj7E HE oY FRY AuE
49| 3t 7} Aj2o] HHEI o5 3o
et A= AUFE9 S-S HIEse] A4
T AT FABA it K, o3t F=
I A2 H|STE AT XSl A 71EH 3hAFat
O] H|wE FR LAEA| T 24, AAeHE T &
IE 3% |5 2 Foll F2% 7|2 ARE
AlsstAtt mWeba] o] A= A=o] WHE 29
FE 542 71AskL 22 ofm]of a4 =2Jstar
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Table 1. Fossil species of Carpinus described by previous works from the Neogene strata of the Korean Peninsula.

No Species Leaf Involucre References
C. stenophylla Nathorst = C. . o
1 protojaponica Endo (1950) O Huzioka, 1972; Lim et al., 1994
C. endoi Endo = C. rankanensis . )
2 Hayata (Endo, 1950) O Huzioka, 1972; Ablaev et al., 1993
3 C. kyushinensis Endo O Endo, 1950; Huzioka, 1972
4 C. hokoensis Endo O Endo, 1950; Lim et al., 1994
5 C. kodairae-bracteata Huzioka O Huzioka, 1943, 1972
6  C. simplicibracteata Huzioka O Huzioka, 1943, 1972
7  C. oblongibracteata Hu and Chaney O Lim et al., 1994
C. subcordata Nathorst = C. . .
8 cordata Blume (Lim et al., 1994) O O Huzioka, 1972; Ablaev et al., 1993
9  C. subyedoensis Konno O Huzioka, 1972
10 C grandis Unger O Lim et al., 1994
11 C. japonica Blume O Lim et al., 1994
12 C. miofangiana Hu and Chaney O Lim et al., 1994

13 C. sp.

O Chun, 1982

A} ek,
2 T2 Y oI u

Carpinus%;2] @AYE-L2 Jeon and Chang (2000)°]
AG3H e} o, 27)9] A (Distegocarpus} Eucarpinus),
T 2709] of&(Distegocarpus®}t Eucarpinus)dt 2
7Rl A(Elongatae$}t Brachyspicae), T 2709 &
(Distegocarpus@} Carpinus)dk 371 2] oF&(Carpinus,
Monbeigianae, Polyneurae) 5-2] &2 71X ®i o2
A= QAR 3HAF] 9= gitA e g Hol
U} ol AlialA] hech. maba o7l M
&gyt Sy o 2nt LRSI Carpinuss2] =y
2 AUF<s(Lee and Lee, 1991; Lee, 2006), A o{nt
(Ko, 1991) E= Aup<s/ AojuiLy(Yun, 2017)
T ME B&ste ®r|sta et o7l Al
W49 o] 55 ARESt 2]l mHAdof tiet
A= 2ZATHLee, 2006), = 7AFHKo, 1991; Lee and
Lee, 1991)7} QAAIRE SA-S webA] 7143k 12
I 2o g AL FE(#8E; Lee and Lee, 1991)
EL= Z(%; Lee, 2006; Yun, 2017)7} QIARE 2=
s

AYLZTNA AFE AUFES] 2 222 F
107]o]t} o] &2 BF Qo2 HELQIAIT HE

A7 g wolch. 2| 59 At 9% Yoy
o BAgte] & A% 4 Gl FUT 7|Foltt
wehA] o] Aol Eo| e, g, AX| <]
o mof, 517), A 27] 5L Axstel Fejstn
297 478 FoM F HRE ik of Aol
AR BES BE PRYER(KNU) LA B

jolglrk

.M

0t

T

ShtEo] BESH= AlA37|S0A 2016 7HA]
AUE20] 314 9 B Fof 2ASIY 7" £
S 3 13} Zro] 12317 v A AE A L))ol

4. 7 X|2fQ| X|=at AlCH

Tateiwa (1924b)= A2 AYZ9] A &2} F4
£ AT 2 & 9 o3 AAEol s
24 SAA A7t == Qo (Um et al., 1964;
Yoon, 1975; Yun, 1986; Kim, 1987), 2] 53} %
2 Lee and Lee (1986)2] S-Atju]o] A E= v}
of go] 254 A= t2nt. o] A7 A= Um et
al. (1964)2] 24 222 wlgtch. Um ef al. (1964)9]
O3, ALFT-2 67 T2 AR = o] AT, 3}
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% 12 A5 A9 A A =9} 34 AX S Yehd
Aolth U4 2= B F33A AFEEHS
ot R332 ol Al H AYY 2302 A
] A o] Ao vl Aol w -9 FAl= 150~200 m
of| o] 2t Um et al., 1964). AL F- Wk =] A
QMg 23] BN BE A2 2 (Huzioka,
1972), 34 % 9 BHEFE, vk ol AR
o] Bh4 02 wol A& T girk. T APAIR g
E71L2 Lee (1987)} Kim (1996)°]] 2J3f A== At

ALY A A= dAlE=, 42 755
SHES HIES HE A= o sk A= F71
afoleAjollx] $7] mlo]eAl= Ha1 QIXRHBong, 1981;
Yoon, 1982; Choi et al., 1984; Yun, 1986; Yamanoi,
1992; Chung and Choi, 1993), 7] 2] 1A) YA
7] mfolA|9] oA = ek (Chun, 1982). 34, &
3% 2 7714 v|3HA Y] Ao gt A7]eA F
7] uto] 2 A|(Kim, 1990; Yun et al., 1991) == 2
£ HES v]EHA o &3t F7] mho] 2.4 (Lee et al.,
1991) 59| A= Stk sHitere] A ad) Sl
Ot AYFT9 A= 15 MaZ2 HuE7| & Ftt
(Lee et al., 1992).
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107H9] 344 =of tht A A ohat o] 5

08 ZFENG IFA 232 7]E] L3R
FoliL, *H7F 2] 3= 3F2 ALl A&
AFEE AT

Carpinus kodairae-bracteata Huzioka*

Carpinus miofargesiana Tanai and Onoe*

Carpinus oblongibracteata Hu and Chaney*

Carpinus stenophylla Nathorst

Carpinus subcordata Nathorst

Systematic description
Betulaceae Gray
Carpinus Linnaeus 1737
Carpinus kodairae-bracteata Huzioka 1943
Fig. 2a

1943 Carpinus kodairae-bracteata Huzioka,
p- 290, pl. 14, figs. 14, 15, 15a

1954 Carpinus kodairae-bracteata Huzioka,
p-119
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Fig. 1. Geological map of the Pohang Basin (Um et al., 1964, recited in Kim et al., 2017) and fossil locality.
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1961 Carpinus kodairae-bracteata Huzioka, Tanai,
p- 293, pl. 11, fig. 4

1964 Carpinus kodairae-bracteata Huzioka,
p-74,pl. 7, fig. 1

1972 Carpinus kodairae-bracteata Huzioka,
p-47,pl. 4, fig. 11

Material: KNU-2016-0001

Description: Involucre is palmately tri-lobed.
The median lobe is the largest, lanceolate in shape,
1.8 cm long and 1.1 cm wide, acute at apex, coarsely
serrate at lateral margin; lateral two lobes are
small, trigonal in shape, unequal in size, and slightly
serrate at margin. Primary veins are about 6 in
number, extending from the base, then entering
into the apex of lobes or marginal teeth, the median
primary is the longest, a few distinct secondaries
are diverging from the median primary at acute
angles, ending in the margin teeth or margin,
tertiaries are not preserved. Base is asymmetrically
rounded. Stalk is short, about 3.2 cm long and
1.4 cm wide.

Occurrence and distribution: This species occurs
in the Duho Formation of the Yeonil Group. This
species has also been known in the Neogene flo-
ras of Japan (Tanai, 1964).

Remarks: The most distinctive characters of the
present specimen are the tri-lobed and asym-
metrical involucre with an acute apex and six
primary veins. These characters are most similar
to those of Carpinus kodairae-bracteata established by
Huzioka (1943) from the Gogeonwon Coalfield
of North Korea, but the latter slightly differs from
the present specimen in that they have numerous
primary veins (about 10 in number) and acutely
pointed apex. Although the number of primary
veins in the presnt specimen is fewer than that of
original specimens, we regarded it as Carpinus
kodairae-bracteata Huzioka.

C. kodairae-bracteata Huzioka somewhat resembles
those of C. miocenica Tanai described by Tanai
and Onoe (1961) from the Mio-Pliocene floras of

Japan in its tri-lobed shape, but the former is dis-
tinguished from the latter by the overall shape
and venation pattern of the lobe.

As mentioned by Tanai (1961) and Huzioka (1972),
the involucre of C. kodairae-bracteata Huzioka is
mostly similar to the those of modern C. laxiflora
Blume of Korea, Japan, and mainland China.

Carpinus miofargesiana Tanai and Onoe 1959
Fig. 2b

1955 Carpinus miofargesiana Tanai, pl. 5,
figs. 15-17

1959 Carpinus miofargesiana Tanai and Onoe,
p- 278, pl. 5, figs. 4-6, 9-11

Material: KNU-2016-0002

Description: Involucre is obliquely ovate in shape,
asymmetrically rounded at the base, 1.5 cm long
and 0.8 cm wide, acute at apex. Margins are lobately
serrate on the larger half, nearly entire in the lower
part and slightly serrate in the upper part of the
smaller half. Primary veins are about 5 in number,
extending from the base, then entering into the
apex of lobes or marginal teeth, the median primary
is the longest; a few distinct secondaries diverge
from the median primary at wide angles and enter
into smaller teeth or connect with adjacent primary
veins; tertiaries are not distinct, but a few form a
transverse network. Stalk is short, about 3.2 cm
long and 1.4 cm wide, 1.5 cm long and 1.8 cm wide.
Nutlet is poorly preserved, ovate in shape, 2.5
mm long and 1.8 mm wide.

Occurrence and distribution: This species is only
known in the Duho Formation of the Yeonil Group.

Remarks: Carpinus miofargesiana was established
based on three forms of involucre by Tanai and
Onoe (1959, plate V, figs. 9-11) from the Miocene
flora distributed in the Joban Coalfield of Japan.
The present specimen is most similar in shape to
the specimen of fig. 10, but the number primary

veins varies from specimen to specimen (Tanai,
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1961). The Korean specimen also shows some
variation in the number of primaries, but is as-
signed to C. miofargesiana Tanai and Onoe. The
leaves of C. miofargesiana Tanai and Onoe have
been known in the Buhwa and Saebyeol Series of
North Korea (Lim et al., 1994).

Carpinus oblongibracteata Hu and Chaney 1940
Fig. 2e-

1940 Carpinus oblongibracteata Hu and Chaney,
p. 33, pl. 12, figs. 7, 8

Material: KNU-2016-0006, 0007, 0008, 0009, 0015,
0016

Description: Six specimens of involucre were
obtained. Involucre is asymmetrically ovate in
shape, 1.7-1.9 cm long and 0.7-0.8 cm wide, acute
at apex. Margin is lobately serrate or slightly serrate
on the larger half, slightly serrate on the smaller
half. Primary veins range from 5 to 7 in number,
extending from the base, then entering into apex
of lobes or teeth; the median primary is the longest,
a few distinct secondaries diverge from the median
primary at wide angles and enter into smaller teeth;
tertiaries are not preserved. Base is rounded. Stalk
is short, about 1.4-2.5 mm long and 09-1.4 mm
wide. Nutlet is poorly preserved, ovate in shape,
2.7-3.2 mm long and 1.8-2.3 mm wide.

Occurrence and distribution: This species is known
in the Duho Formation of the Yeonil Group of
South Korea (Huzioka, 1972) and Buhwa Series
of Hamgyeongbug-do, North Korea (Lim et al.,
1994).

Remarks: The present specimens agree well with
those of Carpinus oblongibracteata established by
Hu and Chaney (1940) from the Miocene flora of
Shantung, China. The involucres of C. oblongi-
bracteata are similar in shape to those of modern
C. tschonoskii Maxmoxicz distributed in Japan and
China (Hu and Chaney, 1940; Inst. Bot. and Inst.
Geol. & palaeont., 1978). The latter species is also
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distributed in the southern part of the Korean
Peninsula (Yun, 2017).

Carpinus stenophylla Nathorst 1883
Fig. 2d

1883 Carpinus stenophylla Nathorst, p. 41,
pl. 3, fig. 16
1939 Carpinus japonica Blume, Endo, p. 340,
pl. 23, figs. 3, 4
1950 Carpinus protojaponica Nathorst, Endo,
p- 340, pl. 23, figs. 3, 4
1954 Carpinus carpinoides Makono, Huzioka,
p- 119
1994 Carpinus protojaponica Nathorst, Lim et al.,
p- 138, pl. 68, fig. 9

Material: KNU-2016-0010

Description: This species was represented by a
single specimen. Involucre is asymmetrically ovate
to oblong in shape, unequally rounded at the base,
1.8 cm long and 0.8 cm wide. Apex is not preserved.
Margin is nearly entire and serrate on the larger
half in a few specimens. Primary veins are poorly
preserved, at least 5 veins extend from the base,
then enter into apex or teeth, median primary is
the longest, and secondaries are not preserved.
Stalk is stout, 3.6 mm long and 1.8 cm wide. Nutlet
is large, ovate in shape, 3.6 mm long and 3.2 mm
wide.

Occurrence and distribution: This species is known
in the Duho Formation of the Yeonil Group and
also commonly known in the Miocene floras of
the Korean Peninsula (Huzioka, 1972; Ablaev et
al., 1993).

Remarks: The present specimen is characterized
by its a few serration and ovate-oblong shape.
These characters agree well with those of C. sten-
ophylla Nathorst described from the Miocene flo-
ras of the Korean Peninsula (Huzioka, 1972). The
similar fossil involucres have been described from
Neogene floras in Japan and Korea and given



various names as seen in the synonym list. This
species is mostly similar to the extant C. japonica
Blume of Japan (Huzioka, 1972).

Similar fossil involucres referred to Protojaponica
Nathorst were reported from the Saebyeol and
Gocham Series of North Korea (Lim et al., 1994),
and judging from the size and shape of involucre,
they may be assinable to C. stenophylla Nathorst.

Carpinus subcordata Nathorst 1883
Fig. 2¢

1883 Carpinus subcordata Nathorst, p. 39, pl. 2,
figs. 13-18, 20; Huzioka, 1972, pl. 4, figs. 1, 1a
1943b Carpinus erosa Bl. ellipticibracteata Huzioka,
p- 290, pl. 19, figs. 6, 7, 7a, 8, 8a, 9, 9a;
Huzioka, 1954, p. 119
1954 Carpinus miocordata Hu and Chaney, p. 31,
pl. 12, figs. 1, 2, 11; Huzioka, 1954, p. 120,
pl. 13, figs. 5, 6

Material: KNU-2016-0011

Description: Involucre is ovate to elliptical in
shape, 2.3 cm long and 1.1 cm wide, bluntly pointed
at the apex. Margins are coarsely serrate in the
middle and upper part. Primary veins are 4 in
number, extend from the base, then enter into
apex or teeth; median primary is the longest; sec-
ondaries diverge from the median primary at
wide angles and enter into smaller teeth; ter-
tiaries are not preserved. Base is symmetrically
rounded. Stalk is short, 1.8 mm long and 1.8 mm
wide. Nutlet is not preserved.

Occurrence and distribution: This species is known
in the Duho Formation of the Yeonil Group and
also commonly known in the Miocene floras of
the Korean Peninsula (Huzioka, 1972).

Remarks: The fossil leaves and involucres of C.
subcordata Nathorst have been described in Neogene
and Pleistocene floras in Japan and Korea (Tanai,
1961; Huzioka, 1972) and given various names as
seen in the synonym list. The present specimen
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agrees well with those of C. subcordata Nathorst
described by Huzioka (1972). C. subcordata Nathorst
is also one of the most common species in the
Neogene floras of northern Asia (Tanai, 1961; Huzioka,
1972; Sun et al., 2003).

As mentioned by Huzioka (1972), the involucre
of C. subcordata Nathorst resembles those of extant
C. cordata Blume which are widely distributed in
Korea, Japan, and China. Sun et al. (2003) firstly
described cuticular structure of C. subcordata Nathorst
from the Miocene strata of Yunnan Province, China.
According to them, cuticular characteristics of C.
subcordata Nathorst is very similar to the extant
C. cordata Blume. Similar fossil involucres assigned
to C. cordata Blume were reported from the Saebyeol
and Gocham Series of North Korea (Lim et al.,
1994), and judging from the size and shape of in-
volucre, they should be included in C. subcordata
Nathorst.

The involucre of C. subcordatacarpinus kitamiensis
established by Uemura and Tanai (1993) from the
Oligocene Wakamatsuzawa Formation of Hokkaido,
Japan, is somewhat similar in shape to the pres-
ent species, but the former differs from the latter
by its wide elliptic involucres with a rounded

apex and base.
6. E 9

SOREEE PP ET PUSE RS FETE
F(H9] v 2AF |2 oI AT, o/ A=
Carpinus kodairae-bracteata Huzioka, C. miofargesiana
Tanai and Onoe, C. oblongibracteata Hu and Chaney
o] 3%0] Z7}Elo] & 650 o] B} o] 5L
=] AIAIB7] 5004 7158 SHHF2 = 29} 2ol
# 1A vAAF oI 250 352
Qlof) ola L] 1052 Eof o8] 22 71 A=
o ALILolM 71 E A st =
AA3719] 77) A E-(Huzioka, 1972) Fol| A 713
Bk olA2 A4 7HA] 27 271 FolA At 7]
23} 7P WS WA 9 Ao Az =
3 AL AAB7)0) BE Aepsur gEdon

S 33t
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71 @&l fX|ste] A ez 7P mHedt A
ol F|Lof EHgt 23 A H9] ABHF 7|22
B+ 14.4C o]th(Lee et al., 2003). Z-& A oA A
QaEFo] WS FAe] ABF 7122 Huzioka
(1972)2] s AlEo] AAE(37%)3} Wolfe (1978)
O AAET AB+t 7|2 79] A (7] = A
£ % 0.306 + 1.14) 5 o|-g3hd & 4= Qi o] WY
£ olgelo] 7T ARF 71 LS e 124Cold,
o] gt AR}t < 2CHE e} o]t 32
Huppdre] 2ol Wshze] dAec o Hake
2ol gl e, o] A wze] Frhak/dol #A vehd
Ao 2 ot g, Chung and Choi (1993)+
ol Agst Axt FZL B 2 A=E ol &
stol B 7|& Poh 15C 2 2uch 12
U Kim and Choi (2008)7} o]m] A1g3t uje} Zro],

rot

At 71201 15C 7} H2H HAEC] H245%F
dojof 7hssttt. o€} o] A Yehd olf= of
ot Wolfe (1978)¢] | ZoA AR 7|2 2
Z U9 7hs/do] At B3 AYAlETY] s
ol Y| ET] AABS oF 31%0] 1 (Huzioka,
1972), o] gkoll tf-g-3h= A 7122 = 105C
olt}. o] AYAEZRET} ¢ 2CHE Yt o]
AL A7) uto] 2A|9] A7) A EFol A F7] mho] &
Ao AYAEF Z L2 7HHA AB+ 7)o HAt
2 Asivte AL Yulettt o3t 71 e
714 ET AES7E E F= gle Aol vls) A
YA EFN= 1059 4F5571 231 E o Qltk= A
I Y x|tk (Huzioka, 1972). Wolfe (1978) 2] A|37]
o Ag 7|29 HIFAS B, FohEzt A
Aol T A4 2| A| Ftoll AE+F 7=

I1OmmI

Fig. 2. Fossil involucres of Carpinus discovered from the Miocene Duho Formation. a; C. kodairae-bracteata Huzioka
(KNU-2016-0001), b; C. miofargesiana Tanai and Onoe (KNU-2016-0002), c; C. subcordata Nathorst (KNU-2016-
0011), d; C. stenophylla Nathorst (KNU-2016-0010), e-j; C. oblongibracteata Hu and Chaney (KNU-2016-0006,
0007, 0008, 0009, 0015, 0016).
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A3 B17S MhEAlEA AR O sl Ao
2 Uehd. o|g vl 712t Hele] Sobx]
of |G L&A QJci(Tanai, 1984, 1991). &
3], mrol A A7) 7Y F71oe 7120l HAR A
ST F71 ol Foll= thAl st B4 =
I AdaEwo] WA A1 vhel A9 7]=-9)
Fs710 sfgRith. 2ZAR A7]-F7] vto] oA
Setoll =S At 7|22 HA o= AR E
O OFF SpThal Eok

3, 770 AlEoll A 7156 1332 345 5
Folgol £ S 7Hede HesiHEte @
A e Aol EE3h= 552 FYF vishd
(Lee, 2006) 2+4F-2] 47} -3 @t o] AL o]
A A vhel ol H7]-57] upo] @A Skl
71 LA ETo] HAAY T RtES] A
Hat 7122 AAF L2 FAEG o W3k, o]
23t o] Au-F&e] Ago] HAgsh=d aAE
o o At 7ol 3l7] el

3F 29} o] £ A H9 AL EZNME 6F
o] AA AN, AR & eE F7|HE
oAM= 4F0] LA QlTt. ofeh= Nt = A7) 4
=0l divlEe g9 7] o] 249 Aniaiy
A2 1159 3455 238, L=
B == d&e F7] vho] A2 Daijima® AlE<t
2 639 FAHFL xEgtH(Tanai, 1961). 12|l
=9 F71 uto| A AEtolA= 1050] &A
S th(Inst. Bot. and Inst. Geol. & Palaeont. Acted.
Sin, 1978). o]i= SO0t M Muprge] St
A3t Aol mhE th2A] dofitths AS BoE
o &, dEoAe TN Tl TR 3
SHA| Ldoftar A7) upol e Ao Sojot ZA HAAH
ARt 3710l o2 o9 gl AR 1
231 =9} F=2- A7) who| oA B0 FE2
7b s dojuir F71o] MARAR, 159

FE2 mpol oA Tl BFH ALR Ho.
o] gt =2 Tanai (1972) ] Aol A= Bl
Uepe

Berger (1953)= AlA| ZHA] o]l A&lehs A<
o AT} SHES AT o5 7] AFBA
W o} Mg Wuls) Witk Tk WA S

T2 329 EAf| 93ljA] 87 Feljform group) O =
s 0|58 bR 2] 2702] H(section), =
Distegocarpus (Siebold et Zuch.) Sargent®} Eucarpinus
Sargent®]| EZFFAFH ). AR = C. cordata, C. japon-
ica D C. rankanensis Fejv-2 E3sla1, A= C.
betulus, C. caroliniana, C. macrocarpa, C. orientalis
9 C. tschonoskii @E|x-S EZ3ITt. Distegocarpus
o &t 1E2 TV A2 W2 dF oA g
Folw AX7H AR Aol ehe shRoA= 2
7t gH oz ZeRA] et B Eucarpinus©]
Soh 25 20| Feh gL deln YR 3
HolA F3eHA 3719 dHom ZepXIvk(Berger,
1953). Tanai (1972)+= Berger (1953)2] A} L&
oA Loz A= E F7Fste] A|37] Fetell Y&l
H AL At was ByETe] fan
=3 A3A15] e,

32 Tanai (1972)9} B3 S ARE3)A
HEE O] AA37) Mgl A 71§ 135 5 3 2
of olaf 7141 105l thaf Al BE 0 27§
ATAE YERR Aoltk. Distegocarpus@olh= C. cordata
FelZ, C. japonica et L C. rankanensis el
o] 6&0] ZFE| o] Qi) C. cordata FE| o] &dt=
4% 20| A C. subcordata NathorstE A &Jst 32L&
= 5] ujo] @flof] BEEQUT) C. subcordata Nathorst
=S 233 2T S| nto] eAoA &
2ol 9 M7kA] FEA O 2 AEET, @A A8t
HC. cordata Blume)Z} -§-A7HA7}F ek Tanai, 1972;
Inst. Bot. and Inst. Geol. & Palaeont., Acad. Sin.,
1978). = d'd/d(Yunnan) 2] ujo] 24| x]Z-of A
B 115 C. subcordata Nathorst] FE]Z9] Lx7}
A 2] C. cordata Blume (7}x81e) 2] 243} uf&-
Bk Ho] et A] QITHSun ef al, 2003). o] A
© & Ho} C. subcordata Nathorst”7} Zst}4-& A
| @AY Q] Zpx]Ergo] Edg Ao R wadEn). 7t
A2 AR e, S 9 dio) AX X
3} lth(Jeon and Chang, 2000). C. japonica FE|
ol ETtol AR A& SHF2 C. stenophylla
Nathorst 1g#o]ct. o] dA dZvt £z}
+ C. japonica Blumeo]] -F-A3A7} {cHTanai, 1972).
o] A ]| 8]} Jeon and Chang (2000)-2 Tateiwa (1976)
o] B3L Ql83te] A37|HE C. japonica Blume
7h o] AAIRE A e R K o]Fo] Jof gt




Table 2. Fossil species of Carpinus described from the Neogene strata of the Korean Peninsula based on the involucres (*; new occurrence in this study, **; leaf only).
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Yeonil

Janggi

Tongcheon Gungsim  Gogeonwon Hamjindong Yongdong

NO Species flora  flora  flora flora flora flora flora etc References
1 C. endoi Huzioka [ Huzioka, 1972; Lim et al., 1994
2 C. grandis Unger** 0 o Limetal, 1994
3 C. hokoensis Endo 0 o Endo, 1950; Lim et al., 1994
4  C. japonica Blume** Lim et al., 1994
5 C. kodairae-bracteata Huzioka* 0 Huzioka, 1943; this study
6  C. kyushinensis Endo o Endo, 1950
7  C. miofangiana Hu and Chaney** o Limetal, 1994
8  C. miofargesiana Tanai and Onoe* 0 this study
9 C. oblongibracteata Hu and Chaney* 0 o Lim et al., 1994, this study
10 C. simplicibracteata Huzioka 0 Huzioka, 1943
11 C. stenophylla Nathorst ) 0 o Huzioka, 1972; this study
12 C. subcordata Nathorst 0 0 o Huzioka,1972; Ablaev et al., 1993 this study
13 C. subyedoensis Konno o Huzioka, 1972 N
14 C. sp. 0 Chun, 1982 Ort>||
ret
T
Table 3. Stratigraphic distribution of fossil Carpinus species described from the Neogene floras based on the fossil involucres [data based on Berger (1953) and Tanai (1972)]. _|—\;
Section Form gro Fossil species —acens Oligoecne illoceilc S libcene Living species
group P L L U L M U L M €SP
C. hokoensis C. cordata
C. subcordata C. cordata
C. cordata C. simplici-bracteata C. cordata
Distegocarpus
C. kyushinensis C. cordata
C. japonica C. stenophylla C. japonica
C. rankanensis C. endoi C. rankanensis
C. coroliniana C. kodairae-bracteata C. laxiflora
) C. tschonoskii C. miofargesiana _— C. fargesiana
Eucarpinus

C. orientalis

C. oblongibracteata

C. tschonoskii

C. orientalis

C. subyedoensis

C. tschonoskii
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SolAs 45T Judg IR Ao A
ot 22X etz oA 7129 C. japonica (Endo,
1939)¢} C. protojaponica (Endo, 1950) 52 3o
Huzioka (1972)¢f &J&] C. stenophylla= Fgo| =
T+ AR A C stenophyllar= E=to] LAI7EA] Lt
Efun, &I} StEoA FEH R AREE
Zato] A o] F o]F-2 st oA o o)4F ekt
A| $¥=t}. C. rankanensis & etol] &3}+= C. endoi
Huzioka¥, Endo (1950)7} C. rankanensis Hayata
2 B33 £& Huzioka (1972)7} AE0.2 7|35}
HA FHL HASI C. rankanensis Hayata+s
A holetollgh AABHT FhibEe} oo A4}
2] gz Bl

tH Eucarpinus@ol| £31= M52 C. kodairae-
bracteata Huzioka, C. oblongibracteata Hu and Chaney
9 C. miofargesiana Tanai and Onoe % C. subyedoensis
Konno2] 40| QJt}. 25llx C. subyedoensis KonnoE
A Qg U 2] 3F-2 BT 57 npo] oA o] F A=
)R] o=t} C. kodairae-bracteata= SHtT= 9o} Q1 B
o] mlo] @A A Fof| 4] A o= AREEH FAY gt
=9} Ao BESH= AUT(C. laxiflora Blume)2}
FATA7} UK Tanai, 1961). C. oblongibracteata Hu
and Chaney+= &3] 7WIVEHC. tsdhonoskii Maximowicz)
o] 7 th(Beijing Inst. Bot. & Nanjing Inst. Geol.
Paleonto., 1978). C. miofargesiana Tanai and Onoe
@A) F2o] Frol ¥ x| eo] BEal= C for-
gesiana Winkle@} 3-AFsltH(Tanai, 1972). 0|22 3
7] afo] @A o]F o] Fo] TRt oA = BEE YA
THolM= AsgE AA C. fargesiana Winkle
o] @ ALE E 4 lch

C. subyedoensis Konno= =9} AE 0] AA37]
AlEoA E5HA YehAIRt S0 AIA37] A=
ol UehR] groo, Ao HAUE(C. tscho-
noskii Maximowicz) 2} 3384 itk (Huzioka, 1972;
Tanai, 1972), wW2kA C. subyedoensis Konno= A4
37] Feteoll Xztsto] @Y AT S8 A
oz &4 Qo @A, U= S, ke W
YE7A] EEdh= A LR Hol, Eejo]| A o|%
A& AR = Fet AR FHL 271 &
=tk Sk= Jeon and Chang (2000)2] o)A}
ARt

~
(N
rhu

ALSTY FEToM A=l Ak 3H 29
el ATk e} o] 5E0.2 BRI C
kodairae-bracteata Huzioka, C. miofargesiana Tanai
and Onoe, C. oblongibracteata Hu and Chaney, C.
stenophylla Nathorst Y C. subcordata Nathorst. |
9] 3% ALFTTOMA A5 TAE Folrk LT
oA 715E AL o= =S A|37)9] A2
OhE A1 9 AE23HE Fol A FHEAol 7 =
ot 0|72 F7] uto| Aol E3F X9 9 A7
o] @R o 2°C A= Wk A Heo] S A
ojm, E} o2t 722 A& i E &0l
<t $8% 92 A2 A2 FHEn e
oA A7]-57] uto] Aol M F-2 =71 AAEF9]
o wlsf mi-¢- B2 olf= A eRtES] A
T 7]20] FAET o ek, o237t frgo] Aut
459 Ao WAdshket @AET B ARt 8750l
Q7] WjEo 2 2 F ) SHEEof|A] Distegocarpusd
of &3k S tiFE BFSHIAI, B 7}
ety G- AB/A 7 = C. subcordata Nathorst
+ EoMrore] 7 X QoA Zsta & AA A7t
2] ZE3 Ao 2 wHrh C. stenophyllas E2}o]
LA 0] % Rkl BFE . Eucarpinusd 2] 3}
AE2 C. subyedoensis KonnoE A LJsF UH A= &
7 57] vpol Ao BFFUTE. o]F2 AAIB7] <t
off ZgF=|o] @AY M7 EET A o= A
o} FOFA ool A M2, 2= &2 1A
7)ol S22 FsHA Lotar 7] mol Ao
Soiek ZA MARARE F710f 0|28 o]&9 tiF
2 AR ALz s whHof etEe} F=
= Z17] nto] Aol FE37F dofut F7]0f WAdst
I 259 YiFE2 vpol oA E7of EFH Ao =

SRR
2Atel 2

B 20| Lhor|7h) =2 AARIET g9
sl ol Hstel APAIRE A\ 23t A BB %
A1 819 WPt 32 ejst ol 5 ol

Ze ArE =gy,
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