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AR (G B 5 X)) Q) 57l A]5=&(Kachi-1, Haema-1, IIH-1Xa, IIC-1X, Inga-1)ol|A] 3% 7| £9]
#7148 |3 A AmEL AF2A 4 ARE QA ADANE 229 TEAQA 1S t
Gt Wetr] 2719 E|A3-& Kachi-1, IIC-1X 9] FsHEt7to|gt Ezstm, HA| 2 Q] n]dh o] 4h&k2
SR RE, SHE- AL, FeRR N E, &2 T4 ol AEdEh IHE A st A2 d_2T7)$
9] sHgE o] AL, FHY Aol = YA ESo] st Wety] &7 B - 52 Kachi-1,
ITH-1Xaol A5t EH1Eth o] A]7] k2 2123 E7)9 TRV 2 32 AR &8 28z waE 1 3
7ol WAt Q1 72 47 AU FEAE SR A EY a4y 2R Y 92 FE0] of
F FHOHL A ArEE = AL 1 FA B o] a3t otddl Y 34 20 93E AARTE. T LA
E| & Z-2 Haema-1, ITH-1Xa, IIC-1Xof| A9t ERIE T} o] A]7] Ftoll= §EA| G 43 E771 A2 8713
HE Hol= G/l TAIA EEGHAL dEs Tt o] Al719 EAS A= T A AE3tEETto] 4t
EF= A0SR JAY 71ZxHo] F8% d2d9 SHIEHIAOIUES AT oA EHAESS
Haema-1, ITH-1Xa, IIC-1X, Inga-1o] A5t SRIE ) o @A H7]|~F7] EH S FAREA (FF8EHEA)
WollA 71 AL E 8522 d7|FH ] BMEAIE EZA olH o1 EjZH o] B} LAsHA EEstel
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Hyunsook Byun, Chull-Hwan Chung, Sun-Ok Park, Byung-Su Lee, Youngin Kwon, Eunjung Choi, Myongho
Park and Sangheon Yi, 2013, Review on paleoenvironments of the Kunsan Basin (northern South Yellow
Sea Basin) based on palynofloral assemblage. Journal of the Geological Society of Korea. v. 49, no. 1, p.
145-163

ABSTRACT: The paleoenvironments with geological ages of the northern South Yellow Sea Basin (Kunsan Basin)
are reviewed on the basis of the tectonic interpretation and the previous palynological studies of the five wells
(Kachi-1, Haema-1, ITH-1Xa, IIC-1X and Inga-1). Early Cretaceous strata identified only in lowermost interval
of Kachi- and IIC-1X wells yield palynomorphs, freshwater algae, ostracods, and charophyta, although they are
rare in occurrence. The palynomorph assemblages indicate a fluvial environment surrounding a mountain slope
with gymnosperm forest under dry and warm temperate conditions. Late Cretaceous strata are found only in Kachi-1
and ITH-1Xa wells. During the Late Cretaceous, the sedimentary basin became a large lake due to post pull-apart
rifting. Abundant and diverse flora of gymnosperm and angiosperm pollen, aquatic mega- and micro-spores, and
freshwater algae reflect that the lacustrine environment was under wet and subtropic conditions. Paleocene strata
are detected in Haema-1, [TH-1Xa, and IIC-1X wells. Sedimentary succession during this period was formed in
a wedge-shaped syn-rift basin after half-graben normal rifting. Moreover, the strata yield abundant Paleocene pollen
grains indicating wet, warm temperate conditions and fluvial environments. Eocene strata are identified only in
Haema-1, ITH-1Xa, IIC-1X, and Inga-1 wells. Early to Middle Eocene successions with syn-rift sedimentary
features are the thickest in the Kunsan Basin (northern South Yellow Sea Basin). Late Eocene strata are distributed
in several small-scale wedge-shaped basins. Abundant deciduous broad-leaved tree pollens associated with rare
conifer indicate dry and temperate climate conditions during the Early Eocene. During the Middle Eocene, however,
pollen grains derived from the low-wetland vegetation and surrounding slope are predominant reflecting somewhat
wet and cool temperate conditions. During the Late Eocene cold temperate climate developed and cold-tolerant,
deciduous broad-leaved trees flourished on the slope surrounding the fluvial area. Oligocene was the main period
of severe tectonic activity of the basin, leading to uplift, erosion and denudation of the southwest sag (Kachi-1
and Haema-1) and central sag (ITH-1Xa and IIC-1X). Absence of Oligocene palynomorphs also indicates a hiatus.
Early-Middle Miocene strata are identified only in Haema-1, IIH-1Xa, IIC-1X, and Inga-1 wells. During the Early
Miocene, the basin has maintained thermal subsidence to get thick sedimentary succession. Subsequently the basin
was uplifted and denuded again during the Middle Miocene. Diverse deciduous broad-leaved trees prevailed in
fluvial and slope areas, and aquatic plants also lived in wetlands or ponds. The pollen assemblages indicate that
the Early Miocene was a wet, warm temperate period. During the Middle Miocene, subtropical vegetation replaced
the former forest due to increasing temperature. Pliocene strata are recorded in Haema-1, ITH-1Xa, IIC-1X and
Inga-1 wells. Pollen grains derived from grass and conifer, together with hardwood trees, reflect that the Pliocene
environment was fluvial surrounded by slope under dry, cold temperate conditions.

Key words: Pollen-spore, paleoenvironment, Kunsan Basin (northern South Yellow Sea Basin)

(Hyunsook Byun, Sun-Ok Park and Eunjung Choi, Natural History Research Institute Inc., Daejeon 305-701,
Korea; Chull-Hwan Chung, Korea Landscape and Geology Institute, Sunchon National University, Chonnam
540-742, Korea; Byung-Su Lee, Dept. of Earth Sciences Education, Chonbuk National University, Jeonju 561-756
Korea; Youngin Kwon, GeoScan Inc., Anyang 431-806, Korea, Myongho Park, Technology Management Team
and CCS TF Team, E&P Technology Institute, Korea National Oil Corporation, Anyang 431-711, Korea;
Sangheon Yi, Korea Institute of Geoscience and Mineral Resources, Daejeon 305-350, Korea)
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o|9] Ugte 2 thF5 AFAFE wpotmt A UEA
TS fiste] ST AP 3 E Sl o (Park et
al., 2010), & 570¢] AJF(IIC-1X, IIH-1Xa, Inga-1,
Kachi-1, Haema-1)7} =3 = it} 57 2] A5 A
TollA AL} AT ks 13 thakst Rok(E
ASA, FES A3}, gHAd, ASA, 18H)
9] A7t Y E R HChun et al., 1984; KIGAM,
1997, 2004; Park et al., 1997; Cheong et al., 1998,
2002; Ryu et al., 2000, 2002; Yun et al., 2000).
T AR (G R ) B o] 13
7 AT Ame ASA A7 AFAY =0l v
0}01] A o2 v At 1 o] = o] EA|of Hf
gh A|F9] BAo] 2 Af FHAleL AR 448 A
T @%Q‘iﬂ?l i iZo|t}h. AF7HA] 57]9 AlFF
oflA EA% 4 v (2R}, AP, &)
AR 3 o"é OFH R 34 o] o7t 18 s Al
AR o 2 3P AthBong et al., 1991; KIGAM,
1992; Yi, 1996; Park et al., 1997; Yi and Batten,
2002; Yi et al., 2003).
wEha] o] oA AF7HA] AhdA e g2 213
H ZF AFFol tigt $/49 7714 n|Eh (S2
Aot 4314 BB (IEE, eR)ARE S
2o FEste] ZAHA (dFHRIEA) ] 18
Aol thstel MR gk

2. XN

ol e Aot FEE FRdtoR
Sobel vag Fush(H 44 44 m, Ho)
21100 m)2l M tjERoZ A, Bamo mHe 0
HEA(FT=EA), AJRA (FZeEA), A
A (G TEA), SARRA (g TR A) 5
o] B ZAZ o]RofA St Fel= Al As
B AFE=S Qs S BAZ 55Tt U
oA, FFAHoN M= FT= A AR =
S sk Ade 712 B35le 33
ER RN

SR A= A1, 23372 (Block I, IT)of] HEake
AR (SRR 7)) o} A3 (Block IIT)o] &
Ehe SARA(FRAE A= diEd, F
= Z9| 3| E-HEX](Northern Depression)2}
G EHE ] (Southern Depression)ol| Z}2F

deosFEA) netd nF 147

A PARA (HPHRRRA)E 2] S
o} g Aolo] SIx/a}m, = A3)e] o et
AR Aol didr e 2313 BX]|(polyphase basin) 24]
wioly) %7]~Alhe] HHER ololA Yok 2]
9] FAz7odl= 1ElE E¥(pull-apart opening)
FHIE Ho|X|Tt o] & &g A7l (normal rifting)
2 W F 7% UL 2 ol Folle ) ¥ 2
AHAEA R HAeE= S ZHE=tHRyu ef al., 2000;
KIGAM, 2004; KNOC, 2005). w-AHEA](G38l&
F2A)E A el 7159 &3l sl B4, 55,
A, BE 41Y ARA R AEEH (™ 1) =2 41
) 84 HAEHER oj2olx] glou], A A<
A A 511 mo] ZATHELKNOC, 2008)
AHEA () 205 6,000 m
A9 o+2 4 SAE AT SHF o= o] Fo7
i EEA o A Ao 2= FAF oF virhe] A o
=8t Bx]9] 7|dleto 2 = uioly| x-]7](78 6~
88.798 Ma) 9] 3H4Hetgwto] tifito|m o5 9 &
33l gl E|FEO] Algr BE o oAk A5l S}
o] A a)94 A eto]tHOh et al., 2006; 13 2).
B AEZ](NW sag)ol A= Haema-1, G448
Z)(SW sag)oll A= Kachi-13} TH-1X, gEAEX]
(SE sag)°ll A= Haema-1, IIC-1X, Inga-1 5°] Z+Z+

YELLOW SEA

0 2% ‘
Block |
Kunsan Basin [p >,

(north South |
w{gllow Sea Basin

Northern NW sag

Depression/ .

Fig. 1. Geological structure map of the Kunsan Basin
(northern South Yellow Sea Basin), Offshore Korea,
showing the distribution of sub-basins (modified from
PEDCO, 1997).
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AFEHJHIH 1). o] & AlF3 FolA S =
o}7] ¥4 32 Kachi-1, [IH-1Xa 2] s} 17k A5k
EAlhe Aoz YBA ek it o5 AFTe)
B A& g o] S4 AR oA B E A4
dEo)7] wZol S 9 Ao mofRt Aoz B
DA (Park et al., 1997; Yun et al., 2000; Yi et al.,
2003; KNOC, 2008). 0] S A|2Zo] A Big u|s}
Ao o] $718Q) SEA jao|T Y
gHegE o] BRE A= MBS &X TY B

A m|EEo] 4% AEE AT (Bong et al., 1991;
Park et al., 1997, Cheong et al., 1998; Yun et al.,
2000; Oh et al., 2006).
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Fig. 2. Generalized lithostragraphy with age of 5 wells in the Kunsan Basin (northern South Yellow Sea Basin)

(modified from KNOC, 2005).
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minor, Potamogetonacipites sp., Sporotrapoidites erdtmanii
2} B2 [naperturopollenites spp., Pinuspollenites
spp., Alnipollenites verse, Liquidambarpollenites min-
utus, Quercoidites microhenrici, Pterocaryapollenites
stellatus, Magnastriatites granulastriatus7} F-5=3] A
2310 o SEe) mABES 22 A e o
S} apme] 1 So WeE Fol A8 55

2A 1 PAR= M8 e LERdiTh 613~1,445 m
ZX etz | 37)) o= Triporoletes asper, Rugubivesculites
rugosus, Penetetrapites inconspicuus, Aquilapollenites
eurypteronus, Dilwynites granulatus 5] $SHL=2
Ar=31 Azolla cretacea, A. spinulosus, Alnipollenites
tring S AFEHET o] LY BAES2 FE
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Fig. 3a. Palynofloral diagram of Kachi-1 with inferred depositional environments (modified from Yun ez al., 2000).

Fig. 3c. Palynofloral diagram of ITH-1Xa with inferred depositional environments (modified from Park et al., 1997).



i

150 Wi MEE - g2 o)y

SHA E¥shes Mo Kol 11 g9 S T

& UERITE. 1,445-2,280 m F7H(ie}7] H7)o]
A= Camptosporites sp., Densosporites spp.2] &%
ZA7} A2 YA E SHEQI Classopollis class-
oides, Ephedripites spp., Inaperturopollenites spp.,
Pinuspollenites spp. 5= 7 A=2ct 2,280~2,693 m
FRHEel] 7] B Feb)ole SIAEol
=3] u|eFslal, Pinuspollenites, Inaperturopollenitesqt
o] A&t} o] oM = F= AxF Ao E= of
Qi715-9] TSl AR ol Ash= A=
7 Ephedripites, Classopollis@} sFdwo] & Alel=
Inperturopollenites 52 353 AHEE= A= A
23 d2dio] A S AAIRITHTH 3a, 4).

3.2 Haema-1
480~570 m F7HETo| A= =

CER)

¢

Graminidites media, Persicarioipollis minore} E-2
3291 Quercoidites microhenrici S-0] AFZE T} o]
spo) mARES F2 AXY AFLIH AL
SHe Al2EA I Aol SHYEHEAAL et
W} 630~102 m F7H(EHo] 94 A7)~Z7)olA =
Fupingopollenites minutus, Liquidambarpollenites min-
utus, P. minor, Ulmipollenites undulosus, Weigelapollis
magnispinosus 2] SHEI} Magnastriatites gran-
ulastriatus®) A IEA} 183 G272 Brazilea
spp., Pediastrum spp., Ovoidites sp. 5°| $-&~
FREA AEEG. o JRTAY RYBES F
2 541} A% SN A8t GLaF 5ol
AEHE A 1 G4 So] T4edE ek,
1,080~ 1,530 m 77H(mto] 2.4 7))ol A Bis
E-21 Betulaepollenites claripites, Coryluspollenites con-

status, Q. microhenrici, U. undulosus, Pinuspollenites

i V'*"FW ) L fll=l

20 20 40 50100

20 20 204060 50100 ' 50100 20406080 50 100 150

Fig. 3e. Palynofloral diagram of Inga-1 with inferred depositional environments (modified from Bong et al., 1991).



77|12 Ol=tMof et TiHE

(L

spp., Ephedripites spp. 50| 38 £° & A&}
o] o] HAREE 2 FEol AR tolA
ST FERA A9 Tek AAABAE
BT} 1560~2,040 m FZHOLLA] H7]~F7])e]
Ae EEFERI Caryapollenites veripites, C. impar-
ilis, Momipites coryloides, Platycaryapollenites platy-
caryoides o] FHHA AZH). o] FtoA A
S5 Y BAESS FSA~AA oA A
Fote T2 HIEES UEhdth 2,080~2,460
m ZHZE A ol A= APAFE oL LA ol A A
S3t= EEFER] M. wyomingensis, M. leffinguwel-
lii, Caryapollenites simplex, U. tricostatus, P. platy-
caryoides, Q. microhenrici 5-2] -HAEZ A FH
of AFA 7S HEFATH L™ 3b, 5).

3.3 IIH-1Xa

259~460 m FZHERO| LA M= 2B
Graminidites media (= Gramineae), Artemisia,
Persicarioipollis sp. (= Persicaria) 5°] {22 A&
31, BEESNER] Ulmipollenites undulosus, Quercoidites
microhenrici (= Quercus), Betulaepollenites claripites
(= Betuld) 5= 8|13 FH3A ALEHL o]& 2
IR M S HerR 5o Sds= A2 A
A W sHed e A ARt 478~716 m 7k
(tto) M| F71)ell A= Liguidambarpollenites minutus
(= Liquidambar), Caryapollenites simplex (= Carya)
9] BRFLHo| 402 AEE| T, Sporotrapoidites
erdtmanii (= Trapa), Magnastriatites granulastriatus
(= Ceratopteris) 9] =34 E HEI XA = v A
S AAEE T ol & SREEA BAEE2 F
2 Iy YWklA Asshe FEEA 11 A9
NEEL Y 2k A3t Tl sk e
U= & 5 Uk 735~1,400 m -ZH(mro| 2.4 7))o
A BEINE?I Betulaepollenites claripites (= Betula),
Pinuspollenites minutus (= Pinus), Inaperturopollenites
dubius, 1. hiatus, Cycadopites sp., Ephedripites spp.,
Cyrillaceoipollenites sp. 50| 53 AH&3tH, 48
21291 Magnastriatites granulastriatus (= Ceratopteris)
22} A A& Aoz A o] TLIAE 2
BA2E0] Zaste Abdolt TAolA 4%
She BRAEE0] S AL 4K TPR) 4
A & A THLE 3¢, 6).
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34 IIC-1X

229~375 m FRHEeo| LA oM ZEBHES)
Graminidites media (= Gramineae), Cyperaceae,
Artemisin 50| $-8AE31H, BESIEQ] Pinuspollenites
sp. (= Pinaceae), Betulaepollenites claripites (= Betula)
SE FRa A2 o5 2EaN| Bl g}
Goxf 5 22 AN sherh ugE 2o
e ABERA T YA FHBAAS et
W} 375610 m TzHmEte] 24 Z7)) el A BEs
B2l Liquidambarpollenites minutus (= Liquidambar),
Caryapollenites veripites (= Carya), STA2ER]
Sporotrapoidites erdtimanii (= Trapa), Magnastriatites
granulastriatus (= Ceratopteris) 0] o537 A&
Ht}. Persicarioipollis minor (= Persicaria), G. minor
(= Gramineae) 59| Z2ESHEE 1HE3T o5 S
O] RAEE AN Bethe FEET AN ES
ZA 11 A= AR ekl T e e
ehdiTh. 610~625 m TgH(uto] 2.4 77])oll i A
T} 5 Ut ShEAkET 22 5HE]1 Chenopodipollis
sp. (= Chenopodium) 2] -84 = 18|31 $A84E91
S. erdtimanii (= Trapa), M. granulastriatus (= Ceratopteris)
T FEFAE S TredS AAIRIT 625~1,526
m 7 LA ol A= A A 2= shA o] thEe] }l
OFSIR|qt, EX2SLEQ1 Betulaepollenites sp. (=Betula),
Salixipollenites sp. (= Salix), Inaperturopollenites dubius
(= Taxodiaceae) 5-0] AF& %31, Platycaryapollenites
platycaryoides (= Platycarya), Engelhardtipollenites sp.
(= Engelhardtia), Alnipollenites verse, Ulmipollenites
tricostatus 22 SHES0] o] 7t A MEA &8
dth 0|5 BESHEY BAEL 22 7ol 4t
A Wkl A5sle FE0IH, EERd0l S
S8 o2 Hop FHof A7} e s E A
B4 o UERAT. 1,526~2,001 m 77H?E | 2.A)
A= & F7H625~1,526 m) A AA|H o= 5}
HAkEo] oFF mlefsith(T1™ 3, 7).

3.5 Inga-1

350~506 m ZHEEe] Aol A= F2sE}]
Betulaepollenites claripites (= Betula), Cycadopites sp.,
Ulmipollenites undulosus (= Ulmaceae), Faguspollenites
sp. (= Fagus), Quercoidites microhenrici (= Quercus),
Alnipollenites verus (= Alnus), Salixipollenites sp.
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(= Salix), Inaperturopollenites dubius, ZEIHEQI
Graminidites media (= Gramineae), Cheonopodipollis
sp. (= Chenopodiaceae), Sporotrapoidites erdtmanii
(= Trapa) 5°] 8 A& Fo|t}. o] A= At
220 WG $2R AR BHEH 2
W S BHREC] ) AHEehs o Ho}
o] AFA)7} gl A A ) B8 UL Lehic)
506~1,380 m F7H{wko] 24 77))olN L Brahal
U. planeraeformis (= Ulmaceae), Faguspollenites sp.
(= Fagaceae), Inaperturopollenites dubius (= Taxodiaceae),
Pinuspollenites spp. (= Bisaccates) 50| 5514 At
ETH, 2ESNE2| Chenopodipollis sp. (= Chenopodivim)
= vjnd FRH A A4 E 329 S
erdtimanii (= Trapa) GA] 0] FsRA| Tk AHFE7Ho| A
AFEET o] F7ME FA AHEA| 9] 570t
AR 9 T5a/d B A= o] 3 Ate
A, E584Y A4S Abeo] ARTET
we e AAY ok 5ATE 02 Wl S-S e
W} 1,380~2,728 m FZHO) 2 Aol A AFRT7H
(1,380~1,817 m)Q} SHELT7H2,545~2,591 m)of|A]
shajo] Fxa}A) AHEste] Lolx] k)AL ok
u|eksiA| AEEtt A= F0 2= Pinuspollenites spp.
(= Bisaccates), U. tricostatus (= Ulmaceae), Q. mi-
crohenrici (= Quercoidites), Caryapollenites veripites
(= Carya) 9] H&3h2o] AFEd ol& 329
BEAESS dFE Feolu AN Beshe
FEo|H, 358 SEF(Inaperturopollenties) =
A &A 02 2FFH A 02 Hol Abx] Wbkl it
=2 AR 2 de HERHTH(E 3e, 8).

4. X|ZA|CH

[+
Kl
o
o

Aew vhel o] FAHEA) (Hael R EA)E
BEH SHEAR F2 k54 HABE 0|2l
A gk 5749 AEFeI B HHe F2
(HAZ7Fe] s14 B e BerEs 24 44
291 0|9} Abgholn], ARTZIINE trehh
s)u AEQH ABiohe 54 719 Aol 9
K2R 2). Lt FAH A3Fe] B Ao
ofgt 1) HAe) HABA AL B¢ ofele A
0 ANFAYE FHCE AN hof wet 18
& wAS .

4.1 44ot7| M7|(Early Cretaceous)

woly] A7)l El&&L 2 Kachi-1, [IC-1X<]
F|SHRA7o]| F3Eshs A= HAEHJITHKIGAM,
1992; Park et al., 1997; Cheong et al., 1998; Yun et al.,
2000; Yi et al., 2003; Ryu and Kim, 2007). Kachi-19]
SheTIol tE 0.2 ujst ko] lefsiAlet &
713 n|3}+4 Q1 Ephedripites, Classopollis, Cranwellia 5
9] 3}, Polycingulatisporites, Cyathidites, Densosporites,
Pterisporites 52 2 ER}, Azolla cretacea?] T3
EZ}2L A Botryococuus@-e FERFE AMEE
otk E=3F % 3HA, Mesochara, Prochara 1)1
NEF 2442l Cypredia 5 B3 v|3H] 5= 3
A& = QItk(Park ef al., 1997; Cheong et al., 1998).
Yun et al. (2000)2} Yi et al. (2003)2] A1ZA T} of 9
stH, Wely| H7]e] &M Classopollis class-
oides, Inaperturopollenites spp., Ephedripites spp.,
Desosporites sp., ?Camptotriletes sp., Pterisisporites
spp. 5-°] A= E R tH ¥ 3a). 53] Ephedripties2}
NEspE o gu|sh WA A=< ohg(Ephedra)
2 59 T AT AMR| G 3} 11 FH o ATk
A-8-8FcH(Hou, 1983; Li et al., 2005). 18|11 @e}7]
7] o] HE A& Classopollist= oFE ]~
97135 steln MAsiaR oz masel slrt
(Wall, 1965; Srivastaca, 1976). o5 7|24 0|3}4]
3} 421 0ja] Ao AL wels] 17l g
HglAo] AT oty 71F sold SH~HHA
70] SHBIREE AAFRTHLY 4). o] A o}
7) 719} 1713 e AR o] EA T Aptian-
Santonian) -8 A EAE 0 93t 7] o4t
eta FE(pCO»Y w2 79 Z3(Hong and
Lee, 2012; Hong et al., 2012) 2} o -$- 2+ A x| 3t

Kachi-19] s}7toll= #et7] 7] x| Fo] &+
A i, 2 A9 olekat A=er 9 At
9 ARt 2 A E o] JITHKIGAM, 2004; KNOC,
2005; 17 2). KNOC (2005)9] Rz dfj4dof 2J3}
W, Wot7] M7= 19 E E/N7F AR G &7
2 o] A7lol BAEE WS et A H o g
A= A5 (ephemeral braided stream)o] 2
sl 1, Wi 2= YehAARR] (terminal fan) 7} &
AE Aoz M o] T AHAA o] A
gh o= gy Fo2Ql jlghdo] dasig oy,
AZF 71 FRAOR Q3] Ba0) wrere uloksiol
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2 24)0) Akshel A=okat Ajgte] FHISHA %
ERPCEREL T ERRE IR BEEERCE
kol ul$ ¢ F47huste] sajo)
a4y o]g 3ol YA Halgro] FHH/= A
2 Ao 2Astqch AnAoz vy 2o
ofgt 18 HHE HAZE B 9 A 7xe 9
N R E LY

4.2 4ot7| £7J|(Late Cretaceous)

wiol7] 7] E]&=2 Kachi-1, [IH-1Xao]| A5k
slelsjn], 2419 olgfo] SATSIL Alleh Ao 8l 4
32 7 A 0 2 YePITHKIGAM, 2004; KNOC,
2005; 719 2). Kachi-18] o] 27t A= 714 v]&t
x|o] F Rl thfsiA| A& E Rk (Park et al., 1997;
Chenong et al., 1998; Yun et al., 2000; Yi and
Batten, 2002; Yi et al., 2003; 21 3a), [IH-1Xao| A

= geFsiA R A == Sop(Park et al., 1997;
Chenong et al., 1998; 13 3c). Kachi-10]A] A+&%]
= ojsERel shmAs wieky] 7)o MARE L)
)& Rugubivesculites rugosus, Inaperturopollenites
spp., IAFE Q] Aquilapollenites spp., Alnipollenites
trina, Dilwynites granulatus, Diporopollenites ka-
chiiensis, Gabonisporis vigourouxii, Penetetrapites
inconspicuus, Ulmipollenites tricostatus, 121l Tf
AR Azolla cretacea, Gohsipora spp. W A E
Z+2] Leptopecopites pocockii, Triporoletes spp. ©]
tH(Yun et al., 2000; Yi et al., 2003). =3t Fr-F
o] Botryococcus braunii, Pediastrum spp., Savitrinia
spp., Kachisporis spp., Brazilea spp. 5-°] tj-$- 55
1A A=EITh 0|8 Feistiella anluensis, Mesochara
sp., Clavator (?) sp. 59 == 343} Cypridea (C.)
cavemosa, Cypridea (C.) gigantea, Metacypris 52

KACHI-1 WELL
Age index Age Lithology P'aleoen— Vegetation Main Taxa
vironment
00- n PRy " [y - Ty
LAD (M. Miocene): , Fluvial Graminidites media, Quercoidites microhenrici,
Fupingopollenites minutus, M. Miocene (wet, warm Herb plants fpan_)rrapt_)llen'lte”sﬂzrdn’maml. _——
Sporotrapollenites erdtimanii, ol4 Temperate) Magnastriatites granulastriatus /
Magnastriatites granulastriatus
" Q i i i, Pil Il i spp.,
Lacustrine Upland- L ites p ‘mis, Azolla cr mp:
(wet, lowland plants isporis vigourouxii,
subtropical) Aln} ltes trina, Dilwyn!
Brazilea spp.
LAD (L. Cretaceous):
Triporoletes cenomanianus, L. Cretaceous 1000
Triporoletes asper, :
Rugubivesculites rugosus, i
Penetetrapites inconspicuus, uvio- " Z -
Aquilapollenites eurypteronus, lacustrine Upland- f,‘:g:f’ouemes S‘pp”scp}ff’:i(,[ﬁ: e,
Dilwynites granulatus (wet, lowland plants | Goshispora spp., Lecaniella spp.,
subtropical) Pediastrum spp., Savitrinia spp
1445
1500
Fluvial Epheqripites SPP., Laric_oidilgs magnus,
Ig;\D (E. CI;_etalceousL. E. Cretaceous divewar Lowland plants Cyathidites minor, Pterisporites sp.,
assopollis classoldes (dry, Inaperturopollenites spp.,
Temperate) c i ides, D ites sp.
2000
2280
i Fluvial
Chqqaqul/s P, E. Cretaceous 2500, d Pinuspollenites sp.
Ricilisporites sp., ‘ (dry, warm Upland plants
Aratrisporites sp. orJurassic Temperate)

Fig. 4. Composite diagram of Kachi-1 showing age, paleoenvionment, and vegetation.
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154 Hols - Y- s 01y

NBS T = AEdtt gaks §7148 w3l
WA E, HAHAEY 3HE 3T AR o
2% 22t 3 9 gt RF 50| ofF FH5t
I TFSHA AREEE o Hol wioly] $7] F
St H&3t ofd 7] GE Ao 2 S HT & W
oF7] A7)0l AXSHATH} o] o) vl 533 4
He] 544 B2 Wsje Ao 2 Sag,
KNOC (2005) ¢} &/ u} 2k 7|9 X2 24
of ofste, wiel7] 7] Feke Q1eiR Qi) Fub)
2 22 shgelo] SAaH ZHgato] BE 24 3
7o) ol A7 2 A=Ak o] Al71e] 2 A
e FAAGZE et 2 AP doll, &
2| 2] 328 ukx]TL(half graben)E X9} G-ARSH Tt
He HojEoh W 37to] dojub= 5% #4 A
Aol Wi 22 3571 FAE ] MY o]gFol
EA =l on, o] ALA 2 EAE gl 9 &
A| FZo s A E Z Al (footwall-derived depo-
sitional system)o] WEslA Eich sHEEA A E %
Aol 2 Tu AR7H sk, iR o=
BT & AR AR A A= 2HE A
U ARz g A0 2 S E T ol
A Ee g2 S o) SAAYAE F4st
of AR E= AE Utk EAFD HHA 9 A7
E| o] o]Foj = Fet EAFS HAAE 27]9
IA AGA oA AR} s~ sz FEH=
35S Ao 2 HoErh HFAH o2 T4 HA
¥} Zlol= AL FaEo] Y34 EH(pelagic sed-
imentatin)o] SHH RS2 45Tt Ao
2 7] n|ghA, EAsky A4 9 2| qtxo] 9
gh 187 S A2 F dAeke A2 YE T

4.3 E|2M|(Paleocene)

| 2A E-3L Haema-1, [IH-1Xa 1812
IC-IXO ARt 2l = o 24 o]t} o] 2] To=
o]FojA JUTHKIGAM, 2004; KNOC, 2005; 19
2). T oA HH Sl oidt 1 A7 BIk= AT
AFE 7ol thas Zpo|§ E {1t} Haema-19] E| 230
A | LAJof| WAZSHIE Momipites wyomingensis,
Momipites leffingwellii, Caryapollenites simplex,

Ulmipollenites tricostatus, Platycaryapollenites play-
caryoides, Quercoidites microhenrici 52| SHE 3}4]
(2™ 3b)¥} Microhara &2 40| FHHA A=

He o2 BaEAH(Yun et al., 2000; Yi et al.,
2003). o] AA=E 4714 w3k - 2ASH
o o] A7) Fo 2d 27| $9] sHE XA
S 2 S AEIHTHE 5). T A 7|F 342
=9 3HEEA AFH(Wang, 1961; Zhang, 1995)
ot & YAgt=d], o5 T=Y E5AG H
FEEr AEY TR 88 2d 2171
T 2814 WA RSt Aoz A5k

T A= RER T 2P8E G707 A12HE #7113
G mole 2l BA4 ATt Aol
(KNOC, 2005). o] ElAct9|= et/ du} g &4
of) Sfste AR AN RO A&Ade]l F& FAT
FA19] ¥rAbdo| Wdsk=t|(Cheong ef al., 1998),
ol Exyy F7]0] HAFHRE FHO B
el 540) werat 954 B AAeks Aow
SHE A ol SE WA 210l 29l HjE
oA 2HE HAE Fwo] st X7 F
A7} 2 gt v, $Rb7lols weA] EAE
T30 EOEHA £A SAFol= ABE HYE
Tho] 2t EAE 7] fiiEolt). o]Hgt AFAY
3t SA= EMEAE XTI A E4
ke a4 8HE THKNOC, 2005).

=
S

4.4 0| 2M|(Eocene)

ol A EZZE2 Kachi-1& A &gt BE AT
(Haema-1, ITH-1Xa, IIC-1X, Inga-1)of| A &-21=]H,
22 2] o]g2T} ]2k 2 TAEIUTHKIGAM,
2004; KNOC, 2005; 1 2). o] @A u|s}y 312
Haema-1, TH-1Xa, IIC-1X, Inga-19]4] 5 A=
HrH 2™ 3b~e). Cheong et al. (1998)2 o] 471<]
Aol AEH sh-EA) 24 3 & 2AR o
87} o] DAL eI o oA ol 2
<o) 7215 (conifer) S 40| ke Ao Ho}
Ax3t ot 713tk A4 F7]0ll= o774
Sphagnum-S- V| £8F ER2ILEQI Inaperturopollenites
dubius (= Taxodium) 2] JHA| A&0] FE5& o]FH,
Betulaepollenites claripites (= Betulaceae), Ulnipollenites
undulosus (= Ulmaceae) 59 A4 &2 E&
2| FHol M E3E o] Al7]of| &2 A at
S/ SRR ngtA o] WA R H o= Hol 7]
22 ot Fstlen, =7 2A SR 715
oA Tkt AAo] BEstE ALz sS4 st
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7712 Di2tMof 2|

HhE o M| $7]0fl= ThA] 122 ZARSA] w2k o]
AEEA e Aoz s|4sigrt. E3 Cheong et
al. (1998)& el @ Aflofl Aot} u]HAeto] Wal=
=25t 54 o] g5to] AL sjMstaAT o
Al A7)0] HAE Ak wel o A5e A2 2
23 201715 5k WA 2L, oA F
79| BTS2 7|57} S8 AWA T2 5
Tt e FARH HAE 0 skt
283 oA F719] HA olghEL 7%t A
z3) AWA HAE 2oz BYrH Y 5-8)
2 Yun et al. (2000)2] HALAT}o] 0519, of 2
Al F719] B SelM e B2 HF24E 22
Betulaepollenites claripites, Coryluspollenites constatus,

Quercoidites microhenrici, Ulmipollenites undulosus
9} &% 344 ¢l Nitellopsis (?) sp., Gobichara nigra
Sol Akto] whe} Azat Yo 715 e

155

L2 FHol= ARHO ™ Ao 2 sk wt
ZHA] o A Bt 5’—7]—?—94 z70] A7~F7]
Fetolls 27159 A-A &8 E= A2 E VM
k= Al7]e]H(Song et al., 1999), 37]¢f c]2& A
= J24(Collinson, 1992; Zhang, 1995)2.= ¥
skt
KNOC (2005) 9] A 7-% A7-A}e] oJ3hd, of 2
Al A7) A5 :v“}v?‘](‘a‘%loﬂt' T2 A]) HiellA
Ve FAE T oA B
I} 7R = 5’417@‘51194 EINEAE HHE=
A= et ohak AR A AR A A&dol FE
3 "k o] wigto] Al A o 2 njeksty), ol &
K Boe0) 7L ASLA B A Bl Wok
7] Wgez S|ttt wEkA o oA Al7]oll=
sy E|F o] Bt —?—*1]5}7%] sty 5549
e FAH o2 A UE A2 oA o]

= O

HAEMA-1 WELL

; ; Paleoen- ; .
Age index Age Litholo : Vegetation Main Taxa
9 9 9y vironment 9
LAD (Pliocene): Pliocene Fluvial Herb plants Juglanspollenites sp., Pinuspollenites sp.,
Graminidites media, 570 (dry, cool Graminidites media, Persicarioipollis minor,
Persicarioipollis minor Temperate) Inaperturopollenites dubius
Betulaepollenites claripites,
Juglanspollenites sp., Pinuspollenites sp.,
Pterocaryapollenites stellatus,
Index (E-M. Miocene): E M. Mi Deltaic Upland- Quercoidites microhenrici, )
Fupingopollenites minutus, =Nl-Mlocane lacustrine lowland plants | Ulmipollenites undulosus, Pediastrum spp.
Magnastriatites granulastriatus, (wet, warm L/’quid_a{n{)arpolieqites minutus,
Weiglapollis magnispinosus Tem i orate Graminidites media,
P ) Fupingopollenites minutus,
Persicarioipollis minor,
Inaperturopollenites spp.,
1100 Magnastriatites granulastriatus,
Dominant:
g:z}g:ggng;:zz ﬁloanr?;iat{eussv Betulaepollen/[es claripites, Ephednpltes sp.
e 5 Al i sp., Pin 1 essp.,
Quercoidites microhenrici, L. Eocene Aluyial Upland plants UImlpalIen/tes undulosus, "
Ulmipollenites undulosus, (dry, cool Inaperturopollenites spp
Pinuspollenites spp., Temperate) :
Ephedripites spp.
1530
Betulaepollenites claripites,
Coryluspollenites constatus,
LAD (E. Eocene): Mefase ; ;
v P quoipollenitessp.,
fzga(t&p‘gg‘zé’;’:)a_ta E.-M. Eocene Fluvial Upland-lowland | pmomipites coryloides, Pinuspollenites sp.,
i ¢ lants i i
Caryapollenites veripites, (dry, warm P glary;;;zlﬁlrg:’?;:Zgg{osus,
Caryapollenites imparillis Temperate) Alnipollenites verus,'
Inaperturopollenites spp.
2076
Betulaepollenites claripites,
MASIA AR Coryluspollenites constatus,
VVVVVVAVVVY Faguspollenites sp., Momipites spp.,
Ind E. Pal ): s Pinuspollenites sp., Caryapollenites simplex,
Mno:;;' (ités Iae?ﬂ‘oncewnzll}’s Paleocene Fluvial/Alluvial | Upland-lowland | Platycaryapollenites platycaryoides,
P 9 s plants Pterocaryapollenites stellatus,
(wet, Quercoidites microhenrici,
Temperate) Ulmipollenites undulosus,
_— Alnipollenites verus, Inaperturopollenites spp|
K-Arage:
88.798+/-2.601 Ma L. Cretaceous

Fig. 5. Composite diagram of Haema-1 showing age, paleoenvionment, and vegetation.
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ror
H

3t XA BEXFAFR] 2H a0 A
EAe EEYSHAN, ohute Bt 5837l 7]
oJgt d?ﬁ}ﬂiﬂ %F;W% o) mE FHRFo| 1 A&
2l Bl E 25t E4E 7Hee 9l 59 R
L = EL EARZ £t B dtstod
EAZAR 2YA EHEo| I =7 a1 £X]
FAETA] ol Fe 4= 7] P == ot of
LA F7] §85L o|d XS} D] B2 HA
AR H7| e FHFRE Hol= Aol ot &
7He] gt H7] 2 U o)A ddshe S UE
Witk o]= o] Al7]efl A7} of 2] 7j o] £EAE
FHARSS vhdsh=d], otz Al&4E 4] &4t
7S 22317 Yl BA] ol o= el Hk
Zo] BT £A| AA RN FFolA Mol
Z(transfer fault)o] FJ=HA z+ &5 B24E
2 AR 02 IAAEEE 24 =HV fReE 3

ThElc o] 2jgt Tt A Y7o ofalo] EARE
A (FRHEREA)E ofe] Ao HHFURE 2

L a7E FEA(ER)EE UHAA 99t o]2

Q18] 514 MR Y HHeAo] Murdow SAsh
A ehd 202 AT

4.5 22| 11M|(Oligocene)

Cheong et al. (1998)9] #4714 u|gyq AF1ZA3}
= =9 3A| iw:*ﬂ o] Inga-194 F2 AF=531
Haema-1-2 ufj-$- gk SolAut At ¥ st
Sich. o] AFAEE-Zel A A7 A 2ol
ulefsiez} ol % QA5 A} ShA, TR S 5
49 25k) g2 Bh4jo] AR Ho R Ko} 1A
SeE7 F7he Ao eI, ook 2 ol
4 age TR 2olaA A7) A%
w80 AR ol % 487152 HE

IIH-1Xa WELL
; ; Paleoen- ; .
Ageindex Age Litholo : Vegetation Main Taxa
9 9 9y vironment 9
LAD (Pliocene): Fluvial Pinuspol sp., Faguspollenites sp.,
Graminidites media, Pliocene (dry, cool Upland-Lowland| Betulaepollenites claripites,
LAD (E. Pleistocene) Tem plants Liquidambarpollenites minutus, Artemisia,
A g perate) d ;
Persicarioipollis minor 450 glm:polle'mtg[s UNGU/OSGUS, o p
500—] : aryapollenites spp., Gr dites media,
FAD (M. Miocene): Fluvial Upland-Lowland Persicarioipollis minor
Ilexapollenlteslllacus M. Miocene (wet, warm plants i = F prp
Sy te ibul Temperate pollenites sp. essp.,
LAD (M Mlocene) P ) Betulaepollenites c/anprles
Magnastriatites granulastriatus e L‘ 1gl 2 b" '17; sg) Cary r,, llenites spp.
lquidambarpolienites minu; us,
Ulmipollenites undulosus,
Pterocaryapollenites sp.,Graminidites media
. . Magnastriatites granulastriatus,
FAD (E. Miocene): . 1000— ?Alluvial Ubland-Lowiand
Magnastriatites granulastriatus E. Miocene (wet, warm P pla-mts Betul Henit Jaribit
etulaepollenites claripites,
lemperate) Quercoidites microhenrici,
Ulmlpollenltes undulosus, Ephedripites spp.,
sp., Caryapollenites spp.,
Inapenuropollennes spp.
1400
1500
Index (Eocene): ?Alluvial/
Momipites coryloides, Eocene ?Fluvial Pinuspollenites sp., Rugubivesculites sp.,
Ulmipollenites krempii, (dry, cool-warm Upland plants Betulaepollenites claripites,
Cyrillaceoiopollenites sp. Temperate) Caryapollenites spp.
2
2408 Pinuspollenites sp., Rugubivesculites sp.,
) ) 2500 Alluvial Betulaepollenites claripites,
gaf}’7ﬁ°//d€‘t{llfes 7/”"/3_[”‘ Paleocene (wet, warm Upland plants | Myricaioipollenites sp., llexipollenites sp.,
ngeinharatiaepoitenites sp. Temperate) Quercoidites microhenrici, Momipites sp.,
Ulmipollenites spp., Ephedripites spp.,
2824 Caryapollenites spp.
Pollen & spore: rare, ?Alluvial Araucarioipollenites spp.
Charophytes index (L. Cretaceous): L. Cietarasis (wet, ?Upland plants | pipyspolienites sp., Rugubivesculites sp.,
Mesochara sp., Porochara arguta (?), 3000—} subtropical) Betulaepollenites claripites,
Clavator (?) sp.. 500 Ephedripites spp.

Fig. 6. Composite diagram of ITH-1Xa showing age, paleoenvionment, and vegetation.
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HuA S5y PO Watkn s 19
U Yun et al. (2000)2} Yi et al. (2003)2 Haema-19]]
A= 3N Heo] A= HA| grot o] Al719] F
-2 A3ol2taL s skt
KNOC (2005)= ol @A 719} 2| 3LA] Ato]o]]
T2 % (basin inversion) @Aro] LojubHA £X]
9] EA A ¥ (Kachi-1, Haemai-1 A|FX| )T} S
A <(ITH-1Xa, IC-1X A|FA]A) 0] §7]1 = o] E &3
o] M4, AhtE ikl s A4Sttt o] A7 &£A
§719F 2 @2 F=27F vl 7] wZel
FARHE mpo| oA EARH SHE 24
Aok destlet. 22ske] SE|aA BAgdhe]
92 FxAA o3t EAF §7], Aol &gt
AL 2 A5t

Yun et al. (2000)2} Yi et al. (2003) 2] o @A A&
of| i3t 3jj4]-> KNOC (2005)9] A% dfj4lx} oj

deosFEA) netd nF 157

5 & GAE T webd ZARRA (FRESE
A 57 AlFEolME SR A7E 25U A=
sk 7o) Bgsith 1Y 9).
4.6 O10|2M|(Miocene)

upo] @A A7]9] EF S-S FAREA| (e
X)) %Y Y 22 A IAM A7 Haema-1,
1IH-1Xa, IC-1X, Inga-10]A%F TRETH 1Y 1, 2).
o] Sl A Inga-12] 1400 m S=H-E] wio] 2417
Zo| vl & T A SAHHTH 2). Cheong et al.
(1998) &= uto] A 7| E|A&Z| X+ Ulmipollenites
undulosus (= Ulmaceae), Quercoidites microhenrici
(= Quercus), Betulaepollenites claripites (= Betula)
5 9EE G 802 A=Y, Cheonopodipollis
sp. (= Cheopodium) 9] 2B FE FHI AES Hol
3, A FFol whek 5= 1 21&E21 Sporotrapoidites erdi-

1IC-1X WELL
X . Paleoen- . "
Age index Age Lithology | vironment | Vegetation Main Taxa
) Fluvial Pinuspollenites sp., Betulaepollenites sp.,
|-GAD(F’|!35;9“9)1 i Pliocene — (dry, cool Uplan?alatt);lvland Quercuspollenite sp l, lenite sp
raminidites media wrs Temperate) p Tili ilnitos sp !
] Gramrmd:ressp Inaperturo/lemtessp
" ) Lacustrine Pil sp., Jugl llenites sp.,
LAD (M. Miocene): . L
Spor(o(rapoidiles )erdtmanii M. Miocene 500—] (wet, warm Upland-Lowland Betulaepollemtes sp., Faguspollenites sp.,
Temperate) plants Quercuspollenites sp., Ulmipollenites sp.,
Ilexipollenites sp., Caryapollenites sp.,
- 610 1 Graminidites sp., Inaperturollenites spp.,
FAD (E. Miocene): E M Salixipollenites sp., Persicarioipollis sp.,
Magnastriatites granulastriatus - Miocene | Sporotrapoidites erdtmanii,
L Magnastriatites granulastriatus
1000=4 sp., Betulaepollenites sp.,
Fluvial Upland-Lowland Quercuspollemtesspp Ephedripites spp.,
LAD (L. Eocene): i (dry, cool-warm plants Caryapollenites sp., sp.,
Magnastriatites granulastriatus Eocene Temperate) ’g;’xifyﬁf;ﬁ;i’;ﬁj !naperturo!lemtesspp.,
1500 —
1528
. 7 Very rare:
|(-://\D (E. CITI?‘a‘fe‘)“%L ?Paleocene 2 ?Upland Classopollis classoides,

R eClass0ldes 4 lants Ephedr/p/tes praclalus E; mult/costatus
Ephedripites praeclarus p sp., Betul sp
Ephedriptes multicostatus Calyapallemtes sp., Inperturopollenites sp.

2001

Fig. 7. Composite diagram of IIC-1X showing age, paleoenvionment, and vegetation.
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manii (= Trapa), Magnastriaties granuslastriatus (=
Ceratopteris)7} 28 AFZEE HS £ o] Al7]=
Set2d2d 7% 21 0= SjAstT Yun et
al. (2000)2} Yi et al. (2003)Ex A7] A== 5
g njol2A] H7)-57] HAzolA tieela F5
3 4712 visaT 437 vshe Basho.
o] X719 FHE-ZA} gt 0 2= Fupingopollenites
minutus, Weigelapollis magnispinosus, Graminidites
media, Liquidambarpollenites minutus, Persicarioipollis
minor, Potamogetonacipites sp., Quercoidites micro-
henrici, Magnastriatites granulastriatus 5-°|tt. O]
oF g2 sHE-32A} s} o] AbEd e wEt o] Al7)=
St 2H2H7| %Y AAH S sdel
= AOR FNBIATHLH 5~8). LAREA| (R
EREA) oA e TS AAFe s 5
Fot|ope] uto| e A| XSl 24HE hEdTE

+

FH(Liu and Leopold, 1992; Yamanoi, 1992; Wang,
1994; Chung and Koh, 2005)53} v]w& 2 %]
gttt o] &2 uto] @A A7]|~F7] Ao|A|7] F<t 7]
R e e e i 1R

nfo] 24 Fetoll= €l & £AY 27x &F
o] m|ef XA E]H ] HAGFof o7t FH21A
ol E2] 27} (thermal basin subsidence)o] Yo%t
o}, olo] BuHE F A B3 A2 A AL
2 A7eiEA B2 ARl TeE A H
28 Y490 H2Ad $AL HH4F0| YAH
THKNOC, 2005). 12A]et che o] 4 819] =
o] HFHE Ao ¢FAl EA =t v A 4
BAE2 T2 503 7|5 slollx] BAE ok 5
HELo]| A B = gich WhH A4 o] A 7| A
7)ol HgtdolA EHE A e g2 74514tk Cheong
et al., 1998).

INGA-1 WELL
Paleoen- ; :
Age index Age Lithology | vironment | Vegetation Main Taxa
LAD (Pliocene): R L Fluvial Pil ites sp., ites sp
Persicariolpoliis minor Pliocene (dry, cool Upland-Lowland Ulmipollenites sp., Quercoidites sp.,
506 N g inidites media, Alnipollenites s
Temperate) plants D ites sp., Salixi ftes sp.
FAD (E. Miocene): : B X T r ites sp., Pil ites sp.,
Persicarioipollis minor, E.Miacene 1000—] Fluvio- Upland Ulmipollenites sp., f ites sp.,
Magnastriatites granulastriatus lacustrine plants Quercoidites sp., Ephedripites sp.,
_l (wet, warm bl Sillesss. i) il s;""
Temperate) Sp poidi ii, Deltoidosp
= Pseudoschizea
1380
1500
. — Tt p ites sp., Pinusp sp.,
LAD_(L. Eo_cene): Eocene Alluvial Upland Cycadopites sp., Ulmipollenites sp.,
Ulml_pullenl_les mchos_{atus, el (dry, cool-warm plants Quercoidites sp., Ephedripites spp.,
Ulmipollenites krempii Temperate) Car) sp., Inaper spp..
LAD (M. Eocene): Salixi| ites sp., C podipollis sp.,
Caryapollenites veripites 1 Deitoidospora sp.
2500
714 -+ =
VY YYYY Y
YYYYYYYY
MV
T MV VI
YYYYYILY
M
K-Ar age: 78.6 Ma E. Cretaceous |, |YYYYYVYYY
(Aptian-Campanian) YYYYYIYY
1000 | YYNIVVVY
MM
YYYYYYYY
w00 | VUV YVIIY

Fig. 8. Composite diagram of Inga-1 showing age, paleoenvionment, and vegetation.
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R e EC DR DECECE
710E HHSo| g2 FAE F 24 e
A Ao PAsIHA FAH W] Zo|HKNOC,
2005). &1 7-zkoll AA o]gte] fiFo|H Aty &
o] Z1zks] YAt HE HE A& IRt o
d A EgeHEY 2 P S R H
A 2hg 0l 92 Wk it

Cheong et al. (1998)7} Yun et al. (2000)2] 7]
A gk 240 ofstd, npo] oA F7] F7t >
tff o]Ake] 112/ B2 A1 ER] Liquidambarpollenites
minutus (= Liquidambar), Caryapollenites claripites

(= Carya), Fupingopollenites minutuse} =A44E<21
Sporotrapoidites erdtmanii (= Trapa), Magnastriatites
granulastriatus 50 $H L2 AE3IT) o<} §H7
chabeh AR, e P 2RABEE Fuo}

Northern South Yellow Sea Basin
; Depositional Basin
Chronostratigraphy|  Pollen zone envFiJronmentS development
Holocene marine
Quat- transgression
€rmnanyl pieistocene
) Graminidites- : )
Pliocene Persicarioipollis fluvial regional
subsidence
2 Late
) o
8 ] - )
z 2 Mid  (iquidambarpollenitesq deltaic/
s Fupingopollenites- |lowland shallow
Early Magnastriatites lacustrine
N\
inversion,
Oligocene erosion
Late Quercoidites- upland slope/ \\\
° Pinuspollenites fluvial
c
[ [ A
5 g | Md Caryapollenites- )
I w Inaperturopollenites fluvial
2 Early
a
o Late
@ P
S R Momipites- : :
g Mid Coryluspollenites fluvial/alluvial
&
Early rift
Aquilapollenites- nﬁg?”i%gl
Penetetrapites Iacugtrine
3 Late Alisporites- . .
8 Rugubivesiculites |fluviolacustrine
()
(8]
Classopollis- fluvial
Early Ephedripites uvia
Early Cretaceous- : rift (7
Late Jurassic (?) Few palynomorphs alluvial pre-rift (?)

Fig. 9. Schematic illustration of depositional environ-
mental changes in the Kunsan Basin (northern South
Yellow Sea Basin) (modified from Yi et al., 2003).
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AAREEIL, FpRF GA X2 0 2 ARSI
H 3a~d). o] 71d m|ehA 2o 54
Hol I GAl= AL thadh G2t 7|59 s iAl
L T2 oE AR |45t Yunet al.
(2000) 2] A5-A] HaiAof oshd, IIH-1Xaof A mfo]
24| F719] 1A SRR 7 Systematophora pla-
cacantha (LAD: Middle Miocene), Operculodinium
israelianum, Operculodinium longispinigerum®@} Haema-1
O 2R Lejeuncysta sp.7} AA| E| o] upo] 24| 57]
Setoll A2 S ot dAF o2 ey ol &
S-S Ao 2 34 3h} Qi

KNOC (2005)+= o] @A F-7]] doft &
TEGH FFLE BA7F 875t A=A 3
A2l FE3t Yot Ao A=t 22f
294 @49 AU E2% AT, oF 12 Mad]
A% Izu-Bonin Arce} dRFES] F5o| W
SEOFAIoe] M-SR Bkl ot Ao
2 3 o] A71E nto] oA A7)} upir}
A2 M EjH g o] AR AL a5kt

F714 vjgleo] oJgt A3kA}E (Cheong et al., 1998,
Yun et al., 2000; Yi et al., 2003) 52 ufo] 24| Z7|7}
BT AZ9] Ao 7 453 =1], KNOC (2005)=
afo] oA 7] E|HSo] 2Aets AR AIE ¢
Aok webA ol oA $7] B2 F9] EA o] tis)
Ae #7142 vl A et edut T el
|27t Afol S Kol o, (ko= & 32|
oFgh IHA| 2 ol SAT 474 AlFE2 B2
TR B upe| 24 F7]19] A AFS0] T
AEEe 58S 7RITH(OE 4+7). Ao o
E=RNE 714 njgh 23 24E AR vol
oA 7] AFo 2 Bl

4.7 E210|2M|(Pliocene)

Zo}o)| A ElZ2& Haema-1, [IH-1Xa, IIC-1X,
Inga-10]4 Sh1Eled, A} ) Z41e] Ajgroz
TAEo] ITHY 2). o] AN duroR
Compositae, Gramineae, Cyperaceae, Persicaria
59 2BakE shio] FRA AEHh of 9o
Pinaceae, Betulaceae 2] BE3}E 3143} -2
34 Fo| AEHth(Park ef al., 1997; Cheong et al.,
1998; 13 3d, e). Yun et al. (2000)=} Yi et al. (2003)
T EZgto]|eA| RXZEOo2HE Graminidites media,
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Persicarioipollis minor®] ZEZFEI} Quercoidites
microhenrici, Juglanspollenites sp., Pinuspollenites sp.
59 B23HS B st 1d 3b). ©]E5(Cheong
et al., 1998; Yun et al., 2000; Yi et al., 2003)2 7]
EEERESEVEERERE T UNEY)
o] 38 24e a Az B L) A
shH Ex WY SR A SARE A o)
I B M REREE L
3t 7]& LA 3K Liu, 1988; Heusser and Morley,
1996) A} =2.9} & A= ghct.

Inga-19] AR T7H472~506 m) ol Sefo] 2.4]
E XJXBl= SR 814 (Persicarioipollis minor, Graminidites
media)E°] AFEHTHBong ef al., 1991; 1 3e). u}
2H4] Inga-1:= HA] E2to] 24| 2] B & Fo] A5t
= Ao =2 Aty (1Y 8).
5.4 2

TAHEA| (BB E A oA AR 57 AlS
F(Kachi-1, Haema-1, ITH-1Xa, IIC-1X, Inga-1)°]
thste] A 307 = @) HAtAof tigtol|A] 7l
Hel sk A7} SR 7122 vsh o
(&3], 9714 vjsh) AR} AR S A2
£ dAISte o] B2} X HAHE 18HE-S EgE
A= o3 Ak

oty A7) 9] A &L Kachi-1, IIC-1X9] &5}
Bzbolgt xS 22 240 o|gtat AEet I
23 4] Aotz FAEe] gtk of A17]9] =
HZolAi vishae) AL AEeke wekslx)
W $712 VS, 94as 2 heE, 4% 8
So] AEE Sk SR B1Ao] ofahE Az G
7152 siegol SAlg Zhete] e Ak
o= UAHE o] 4AFd A Aol = ©]7] = ALAL
279 Al E50] HAT AL R A=t

wjo}y] 7] 9] ¥ % &L Kachi-1, [IH-1Xao] A gt
holE]m, 2o o]¢fo] AsaL ARkt HESE
9 A3 7rd A o2 yehdth o] Al7] 52
1 E Ge R 2 22 A= o] LAIsHA &
&sto] whE 2] 7o) WSty Qi & 34
7 BAE A 7718 H|EHAQl UAAE, 9314
9] T LA ES 2y A 9 HeRR
E0| ol FHIAL ttsiA AbEd o™ /7]

A mghy 24 EA4S W7 7] 5% 583t of
g 7159 34 oIS AT & o}
7] 718 A z3t BAoA mi- SR LEH &
T EA 2 st Ao m 24 E

Y A EZFEE Haema-1, [IH-1Xa 18|22
HNCAXO ARSI 24 o|¢ta} o] 3¢t T o=
o]Fo]A Qltt. o] A|7] Fetells WhA T S F
N7 AIZHE H71 S Hol= 71 FA1A BT
A7 BT o] A|7]¢] EAHFoA= TH e
Aloll HAERE 3HEo] ol FHsHA A=H T
ol5 T oA HEE FHEALL ZAY 715
o] H&3 2 29 s E A oI 2= Al
Ari=g

of| @ A| E|HS-2 Kachi-1-& A&t BE A|=F
(Haema-1, ITH-1Xa, IIC-1X, Inga-1)of|A] &%
w, 22 H4] o|glET HlHaro R FAF o] 9|
t}. oA A7~F7] HHSS H71FH Y Qs
A BTG A FARRA] (FE E5-EA) Wel
A 71 FAE EASES BT o] Al7]ole st
d HAgA ol Bt SAsHA 2EsiRinh o 2A
371 HHF2 o)A A5 gy 2 /Y a2 4
712 UiolA EEste P HolEth oA
A7)0l v d] FRE JAg g 27 4
4= SHE 3H4o] o= Ao R Hol Hxgt 24 7]
$2 4 E) oA F7)ole AGA AEel 5
T2 o|FH, AEA AELS R A FH S5}
et o] A1719] 71T 2 AL gt ko, &
T7F F713E 7150l A] TRt Al A8o] WSt
of| A Z7)ofl= 2T W27 F ol A Y
A a9 Aol HHE T AP A T
Bl

A7z AT Aze] she, L AAelE oo
R F719}-2 24 Afolol] 2 Aol doluk
A 249 FA A9 (Kachi-1, Haema-1 A]532]
AT F4A A(IH-1Xa, IC-1X X% d)o] §7]
wlof B0l 214, 2pukel Ao A= 3. of
A7lo] B2 §719k PR B FEo} S
7] wiZol A4S uho] @A B SH
o 2YEIE SN2 |3 HA] AHEE A
%ol o] A|7]¢] EZAFo] ARRA(FREE R
A)olM= FGH e 4352 Ao = a4 Hrt.

ato] @A A7)0 EAFE G 2EA A AlF
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3t Haema-1, ITH-1Xa, IIC-1X, Inga-1oj| A2t T2
Hr}. o] FollA Inga-19] 1,400 m FFF¥ vfo]2
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A7} §715ke] APt A FG A et A
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A AY
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