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A %71 F4 B 77| E(amorphous organic matter)®] ThF AHEE A2 Ul43020] E|ZFo| H2AE FA|
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Ak (anoxic)Eg o] Mot Uebe2 Ui E4¢ 579 Fossa Magna 3|82 53 OMZ &7 53] 9] f¢ol i

of up=} HalRt Ao 2 ISt
FRO: F7184, SRR, 8de, 593 A, IODP Expedition 346

Yongmi Kim, Sangheon Yi, Gil-Young Kim and Eunmi Lee, 2017, Late Miocene paleoceanography of the
Eastern South Korea Plateau, East Sea, inferred from the palynofacies and dinoflagellates of U1430 core,
IODP Exp. 346. Journal of the Geological Society of Korea. v. 53, no. 5, p. 645-656

ABSTRACT: Analyses in palynofacies and dinoflagellates from Site U1430 core drilled at the Eastern South Korea
Plateau (ESKP) in the East Sea by IODP Expedition 346 were carried out to interpret paleoenvironments. From
an analysis of the palynofacies, three units of paleoenvironment are recognized in ascending order: Distal Basin,
Distal Shelf, and Shelf-Basin transition. We inferred that these marine environmental changes were caused by not
only global sea level changes, but also tectonic activities on the East Sea during the late Miocene. Tuberculodinium
vancampoae that is known as a warm water dinoflagellate and an indicator of the Tsushima Warm Current was
first present at 8.12 Ma from the U1430. As the Korea Strait was closed during the 15-3.5 Ma period, the presence
of T. vancampoae at 8.12 Ma might have been transported by the other gateway such as Fossa Magna Strait. This
gateway that was connected to the western Pacific Ocean plays a role to inflow warm water of oxygen minimum
zone (OMZ) water to the East Sea. In overall, marine origin amorphous organic matter (AOM) in this study was
predominated through the whole section, indicating that the site of the U1430 at ESKP was entirely reduced marine
environment. We might assume that suboxic and anoxic conditions occurred alternately under the reduced
environments controlled by the influx of OMZ warm water through the Fossa Magna Strait in central Honshu,
Japan.
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1995; KNOC, 2005). 23y T ESA=ZE o] &3t
sl Ee| g Fal ARkER] sty B
ol 5T A= v &3 AA oItk
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ok ol AT 1 Ao 2 S| Hj9ict

Tada (1994)= ODP/DSDP 22 o] g3} 3
% late Oligocene) 0| @Aj7}2] Sale] Tafefst
2 Z1skatgol s Bargt vp Qlok. 1ejut ohgksh
F(Korea strait)2 53 ot (Tsushima Warm
Current)®] 991 & et A]719} e Fol= viet
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T ol AFelAE Bl BT
171 Site U1430 3o12] 7] vho] 9.4 7|7+ &
F)EAl} Sl R X REAS Fal] Ea) Teje
olujg T

2. 97X

Sl sotrlol ST AR kol Eute e
Hh| 414 A 8fj(marginal sea)©]thChough ef al.,
2000; Chang et al., 2015). F3l¢] FA2 57] &2
TA|(¢F 30~28 Ma) A|7]o] HejHsfo] FafAlof
s 2o HYstaA X799 d& £4](Japan
Basin) S-5&58 I/ =™ AZE e o]F 7]
SN FE F7] vto] 2A4](24~16.5 Ma) 712 'FA|
WaFe] A7 o] 9AIRE Fa Y] Eo] M= ek
%71 nio] A FE $7] uho] .4|(16.5~12.5 Ma)o]]
= ge|dsfuto] fEtiolioe = HYsHHA AA
Foz YRAEs} ML, U geade gl
A (16~15.5 Ma) £217} SHE k. $7] ato] A
(2} 12.5~5.5 Ma)oll= Bajdsize] By o}=(Bonin
Arc)9} YEFE7t 550 gEgo] SAAH
Al 2ol E3bE| AL Aot 22 Fal7F B et
(Chough et al., 2000; Yoon et al., 2014). £3], 37|
mko] 2 4(8.2~6.3 Ma)of| 2+-83F 9t 2252
STEA Y S5HE sk, §71R= JAEHE
2w wlo] Fusla BARRE BASATtT &
#4 ¢JtHShin, 2000).

F3l= ¢ #A|(Japan Basin), op}E £2](Yamato
Basin) 9 2% £X](Ulleung Basin)2 T+ =M, o]
E& 77} 3= Y R|(Korea Plateau), 27| #=3(Oki
Bank), o}alE 3f|3(Yamato Ridge) 5ol &8 +&
Ak 1). E8, Fohe 4] E: Bh2esy]
3l (Tartasky Strait, 12 mbsl), 20| (Soya Strait,
55 mbsl), Z7}F8 & (Tsugaru Strait, 130 mbsl),
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gl @ (Korea Strait, 140 mbsl) 2.2 2J3je} 424
=0 3lcHChough ef al., 2000; Chang et al., 2015).
sopshe B0l Bz tarasjsEo Ry

= QaiFERTL @& e o2 tinid
F7F FAEHA Ret YRV Ty R 3k
(gyre)o] o]Foiz= 40| it sl W
7o &8 F, AdFR(ETER) S durdRt
A ol Addi(subpolar front)E F/d5k=tl,
o= thmtksze] Al7]o] nfet 9] 36°-39°9] 9]
Yol A o]53tch(Hase et al., 1999).

ot A7A| Q1 g thA|(Eastern South Korea
Plateau: ESKP)+= 5319] FAl o] Y1251 5%
Sz 2] WS Yol A% e oty
W i) dEe ARl gEAiEs ddET

w0 zy g AR Sl gloid AAH o
Z 253 FHloly Fdg442 ¢F 2,000~2,100 m
Az o]ti(Chough and Barg, 1987; Chough et al.,
2000). E3t, tfut W-7-2] Al A &7 (branch)7} A]

128°E 132°

UL FHEEF HEEL0 of3t 27| 00|2A TGHUEE =X 647

U B3t ghot Th o 2 HAH TS 3
of thot o] A7) & f3ak10) fela
(Isoda, 2011).

o] &7tof ALEE IODP Expedition Site U1430
Fole &5 8AY H5E, sEd=AY 5 A
H(37°54.16'N, 131°32.25°E, =41 1,072 mbsl)of| 4]
YSHAHTH D).

st mi&
2] o]t

3AE @

AlFA U430l = 5270 e 47
$J3ll Hole U1430A, B, C 372 F-E-3} A]_,_Q ok
U14302 A2 o] 3709 B(Hole)S k)
310](Spice core)Z AZATH & A|2EZ(subsampling)
o] o]=o| AT}, U1430 o}l & A=A %7} 258 m
o, sAloH| a4+ Z3KTada et al., 2015), P/F2
AAH R §35, 4= A2 208k 59 o
G | S EAF AELL HES O R FAH ]

1367 140° l44°
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Fig. 1. Physiographic map showing the location of U1430 core (modified from Tada ez al., 2015). SKP: South Korea
Plateau, UB: Ulleung Basin, YB: Yamato Basin, JB: Japan Basin, KS: Korea Strait, TGS: Tsugaru Strait, SS: Soya
Strait, TWC: Tsushima Warm Current, PC: Primorye Cold Current, KC: Kuroshio Current.
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2 B ghe Mty T S AL LS
o= FHFoIh ol BATHE WA Ao 7
25 ZRFAUE FESow Tyt SAH
FZ2E 80~125 mbsf7A] A2 (bioturbation
structure)2} &](lamination)7} ZA5l] YeRL,
125 mbsf o]3} -E7tol| A= 7|7} ch UEbdTt.
A3 2n|ghy, WS 9 29 Al A AE 24
21}, §FA7| 2% £7] ulo] 2.4 (middle Miocene,
¢F 12.5 Ma)H-E| SEato]A~EA|(Pleistocene) 7H] = Lt
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ARt Mertens et al., 2012). f7]1& A 9 efHR
Z5F B2 Moore et al. (1991)2] BHH-S wat 43
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AOM (amorphous organic matter)

Fig. 2. Palynodebris types used in this study (Oboh et al., 1992). a: Warm water dinoflagellate, Tuberculodinium
vancampoae; b: Cold water dinoflagellate, Nematosphaeropsis labyrinthus; c: Coniferous pollen, Pinus; d: Brown
wood; e: Cuticle f: Black debris; g, i: Terrestrial origin AOM; h: Marine origin AOM with Black Speck (pyritic

speck).
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23 A2E=100 um, 10 pm 225 A|(metal sieve) 2}
251 N A71E ol&sto SAAES sFL, 28
2 A& 5 F 7] & (organic residues) 5= A A
317 9131 10% S4HS1LR(KOH) S8 13-

Frk. o] F Aslotd vl H(ZnCly, 2.0 g/cm’)E ©]
43 $718S F718(25 g/cm)) 2R E Ej5hy,
HEHOR ofSHL(99%)3 FALBON)S oI &
3 TS eAs| AASH F2 f71ES
ZelI2l WelS ol gate] Lefol= MRS AZs
931, Fskdu| (DM 1000, Leica)S ©]-8-3f 2004H
&2 BT f7184 242 Ydi4l= Oboh
et al. (1992) 9] palynodebris type (1% 2) E-7+H
o] wakA Z+ &eho]= o palynodebris7} 300704
ol £ 7] 2SI SRR BAS
Aalix= 2 £gtolE & U3 Lycopodiumo]
25070A) ol =g w7t FHREFE AT
& ARA=E Tilia Software (Grimm, 2011)< ©]
goto] AR F AV EE FHSATHIH 3).

4. A 1}

U1430 Fo]9] 80~257 mbsf F7to|A {71 EAF
3} SRR BN 9% Wy R A 7
ZHl A £8% 578 (amorphous organic matter:
AOM)e] B0 go| BTt SHRLR
O] A2 L 130 mbsfE 7|F 02 AR L u| WA ZH

ot=H| 10DP Expedition 346 Site U1430 20f EX2Y 77|20 HHRER UHESHY of3t 37| 0jo|A Tojue

=8 649

= oA B 27 o] A& o] AZ(Total count: 0~18/n)
SHATHE 3). wehy 7184 2B eaHo
2 ARgato] majrels AL Al

41 RIS 24

Oboh et al. (1992)2] palynodebris type E7+5 o]
w}z} 7493t palynodebris = =4 AOM, palynomorph,
phytoclast Al 1502 1#o] Tyson (1995)2] AOM-
Palynomorph-Phytoclast 4Zt}o]o] 134e] wet =
AISFATHLE 4). AAR.0 = AOMo] 50% ol Lk
Eptom AE AOM-E black speckg- S8kl (1
2 2h) A (lipid) 4% Bof 349719 §71E= B
B ESE AOM Ak suboxic)~F4anoxic)
oA Z HEEE= 2 o2 BuEIeHOboh ef al.,
1992; Tyson, 1995).

I %, Zol ¥ {7184 24wt =4 | ¢
A2 {7184 -9 (palynofacies field)= 21513
EIECPSERNEEENEEE SRR R
F7Ee 2 UERIek; Unit 1 (11.6~11.0 Ma, 257~229
mbsf)2= AOMo] 2F80%, phytoclast@} palynomorph7}
Z¥z2+15% vigke 2 e = 3179 2 palynomorph]
Kigo] A= 2.2 A2 Flo] SHolc. wehA ARzt
oo 1349 IX zoned] A= ST} Unit IT (11.0~8.5
Ma, 229~130 mbsf)= AOM©] 60~80%, phytoclast=
¢F 10%, palynomorphi ¢F 20% =2 el o At
Ztttolo] 2@ 9] VII, VIII zoneol| =A] =9 th Unit

= = . - 18 - ~ LI PR 0
314 A+&(Total count: 110~258/n) = .o}, 35 III (8.5~7.3 Ma, 130~80 mbsf)+= tjFE AOM©] 50%
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Fig. 3. Occurrence chart of dinoflagellates with depositional units of the U1430 core. Cold water species group
including N. labyrinthus, S. elongatus and O. centrocarpum), warm water species group including O. israelianum

and T vancampoae and the others.
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oJa}2 UERaL, phytoclast= 2F 25%, palynomorph7}t
T 35% 2 AHEE| 0] Azkr}o]o] 11e] IV zoneo]
ZEAEATHIF 49 T 5).

42 QEDER 2N

=TT T

U430 Folollq 971 wlgtalo] vl B 44
& Unit I11(8.5~7.3 Ma, 130~80 mbsf)oj A= & 11
2 18%0] s m 57l E AT 3). 4% ¥
tHR ROl TS AHEH Achomosphaera
crassipellis, Lingulodinium machaerophorum, L. fili-
form, Nematosphaeropsis labyrinthus, Operculodinium
centrocarpum, O. israelianum, Spiniferites ramosus, S.
menibranaceous, S. mirabilis, S. elongatus, Tuberculodinium
vancampoae?t S8 AVEE-0 2 VPRI, Impagidinium
patulumy, Melitasphaeridium choanophorum, Reticulatosphaera
actinocoronata, Selenopemphix nephroides, S. quanta7}
LpFOoR AEH

o Ao A= A8 A+ (Sluijs et al., 2005) A}
F2E 7Nl 2 3o AHE FE52 Y (water mass)
H MR KAFE2] AT FES B3l 1

w2 3h3aL, ool w2t o] 52 AERI=S U

High terrestrial/
Fresh water influx

phytoclasts

proximal oxic

anoxic distal

low terrestrial/
Fresh water influx

2% - ol2g)

[==X=]

QEHI™ 3). W4T N. labyrinthus, O. centrocarpum,
S. elongatusS X3 0~59% (o 28.8%)2] At
EHlE HYE Btk U222 O. israclianum, T.
vancampose-S ZFSIH AAESH =X 0~22%(Fat 5.7%)
ofck. Unit LA WA A 02 Wago] $HO2
LERA]RE, Unit [Mla of|4(8.5~7.7 Ma, 130~92 mbsf)
oids FFY AEo| Unit IlIb B} Aoz
Hol AEE Utk §3], oj¥l #4417t 5 8.12 Ma
(113 mbsf)o A T. vancampoaeZ} A AEE R
o, Unit [T A & 817§A17} Ab2= vk 19 31+
a9 5).
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51 ®7I124 S4it sij-pisSae ity 3
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Palynodebrist= ¢5¥© =2 phytoclast, palynomroph,
AOM= 450} glon], FulZArl 4 oj5e] %
gto] HojFE= AL 7|84 (palynofacies) o] 2kaL
3tk phytoclast= Fe, 72 @ 221-& 31018 4=
U= AETHHER FAE o 1AL, palynomorph=

Depositional paleoenvironment

I : highly proximal shelf of basin

I : marginal dysoxic-anoxic basin

I : Hetrolithic oxic shelf(proximal shelf)
IV : shelf to basin transition

V : mud-dominated oxic shelf(distal shelf)
VI : proximal suboxic-anoxic shelf

VI : distal dysoxic-anoxic shelf

VI : distal dysoxic-oxic shelf

IX : distal suboxic-anoxic basin

= Unit
H Unitll

® Unitl

AOM VI

palynomorphs

Fig. 4. AOM-Palynomorph-Phytoclast ternary diagram. This diagram plots the relative numerical particle frequency
of phytoclasts, AOM and palynomorphs given as % of a total palynodebris assemblage. Each field indicates the
difference in relative proximity to the shore and the redox status of the depositional paleoenvironment.
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ol slon), AOME s} 228 W% 5 9
£ Sy i ol 1 SR, S0
AOME Q7] &o| & _/}\_/\411-_9. Tl JH3
o} AE Ao Hu|HA A Hef
4= QA 23} black speck (22 2h)94
w84 B AR TEY 4 91, B
o wke} @7 Y=g ke 3= glek(Tyson, 1995).
o] Aiutof A= AA| A &2 black specko] 23t
= A7 AOMo] 50% o)A+ A& =]l 2 o Unit 1
3} oA Y=o gol ASEYCHLY 5). o}
24 palynomorphX.c} -2 0|3t 34 o] 753t
7)1E A4S A=sHTh ol E /RU1ER B4
of| we} Tyson (1995)9] 4tzttho]oj ol A5}
of &S AR Aa ok o] =4 3749 &
o= wa}kkc} SlHs R YlokskA(distal basin; DB),
LAjE5-587g(distal shelf; DS), &5~ YFHo|3
O(shelf—Basm transition; SBT). 2.2 Hx} ¥}l 1,
74742 Unit 1, 1, T2 A8kt Unit I (11.6~11
Ma, 257~229 mbsf): distal basin, Unit II (11~8.5
Ma, 229~130 mbsf): distal shelf, Unit III (8.5~7.3
Ma, 130~80 mbsf): shelf-basin transition (23 5

o} 16).

Palynofacies

AOM

SECHR| ODP Expedition 346 Site U1430 20f EIXES| 772

I AHDAF MEEM0 oI5t 27| 00|24 IoiUHE S 651
Unit 19} 99813 (DB)ojl A Unit 119} YcjE5

A7(DS) 0.2 Watghe sl s13S oujatu,
Unit 1 S5~ PoFAo84(SBT) .2 Lyehd
Hol 85 Ma o] o] HA} A5dt=
Ao 2 AZHL. o= Haq et al. (1987)9] A A+
2 e HHE TAA 109 Mag 7|13 o= 34
HO| 51747}, 8.5 Ma o] % A} sflerH0] Adsdte=
At EHHlE]EH:L"% 6).
B3l AL L] uho] @A(F 13-11.8 Ma)
ol A A3 4R =R (Lee et al., 2011; Kim et al.,
2013), SRR Q] ©Adm T E Aol A= §7]
9] FAR N HHQ FI+27} YEphdti(Horozal
et al., 2017). o] BAj o] = AREE|7] Qk3ko L} XCB
2012 35 AR ol A B ALEHS
o] Uehje Qle] §718 F]uigto 2RE 72
S Ao 2As. ol 1 A Bua
A7k §718H43, U1430 5017} 9J2/3t 32 sl
ZAolR2-S Qulgtth(Tada et al., 2015; Horozal et
al., 2017). 7] ulo] 2.4](11.8 Ma~) 53l dH= o
A5 FEAE FFE U= A= ot ol
AR HR T A= & AHE o] =9
774 m/m.y.)To] lAth(Lee et al., 2011; Kim
et al., 2013; Horozal et al., 2017). 7Z3ZAAN = &
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Fig. 5. Palynofacies spectrum and dinoflagellate temperature index with depositional environmental units of the

U1430 core.



652 HED| - oleke

513 Unit I (DB)o|A] Unit I (DS)7h<] 2] g9
ke A X 7A s Wl ofgt s s
= AJzk=u, Unit T (SBT) 9] 78k H3bA el
A AT 5 A5 A BT Y =
W7re) = A AL Aolekn siAstat.

52 9fEE=x
9| 7 2AHA

%7 uto] 2.A4|(~15 Ma)&%t 37t A 415] 24
7hAA @AY izt o] ARG A9 G
AFE FELE §7]5H0] sj5Hol =EFH U o]
= 37 mpo| Ao BAEUS AR FHE= I
SR igT s ¢ BYste] g7 FAR
1= tH(Choi, 1995). 0]} Zo] 15 Ma o] % g&2
gigtago] 2l F(Tada, 1994; Choi, 1995; Itoh,
2001) TFo] 9 A|(~5.3 Ma) B2t thEE 6279] =

Ju
T
4>
o
10
>
THA
=}

M2 HAS 3

- 212 . o|20|

[==X=]

0]-13(Domi-1), &2h13(Sora-1)2 AR T}
A7) ohe 8447 Swamp) R4 0.2 B vt
A3 (Yun et al., 2012), 11-7 Ma F<tF 5-8X] A
Fof Xk ZareF(Dolgorae)> AL (near-
coastal)0|$E A0 2 X =Tt Byun, 1995; Chung,
2011)(2F 7c-2). EZH &0 tigtei@ o] 233l
£ AHoA Felle 55 d@S Tl FdEE
Al R(ET 7)o S A e
AaHos B34l AAMOE Ut o]
t}. o] 42 ODP Site 7979] ZAu}ot= 2t o]
7} " t(Tada, 1994).

U ZA(~8 Ma) T8l 2] &<, EA E7 5
F9} Izu-Bonin arc”7} tipple junction® 2 Thit=
A 9of| Fossa Magnazt= -2 A7} 3 <] F ey
Z Z2A A1 (Sato, 1995; Takeuchi, 2004), 3fj<=H
W) we} B4 SH9| HE ofde) alre] §

| € Paleoenvironment Global
= 'E Depositional | Palynofacies | Dinoflagellate s ) Water mass | Sea Level
| = Units Field Results Depostional Bottom Intensity ¥ Ch?gfgigs
5 E_ (This study) (Tyson, 1995) (This study) B anant ater (This study) [Haq ef al, 1987)
= Fall 0 Rise | condition 50 0 +50
7.3 80 i i i i
Id : : ' :
cold water sp. : ! !
b Va daminantp i i Suboxic ? i ;
I
Shelf . | i
7.7 92|Unit I - Basin 3 i i
transition g i i
. I ]
a IVb B s i anoxic 2 I :
water sp. ! 5] Lo
1 % :
85 130 '; 2 + 8.5Ma
c VIII i i suboxic .
: : .‘:
91 152 { 1o
1 W 1
1 | 1
y Digtal - 2 i L
Unitll| b vl Shelf anoxic :I i
Low 1
0.9 184 |
abundance .
w
2 I
a VIII N ® b suboxic E g
i 5
T
S - | <~— 10i9Ma
11.0 22 : ] i
Unit I IX s anoxic I i i '
- N I I
Balsln g N P
116 257 : [ P

Fig. 6. Late Miocene paleoceanographic environments of the ESKP, East Sea on the basis of palynofacies and dino-
flagellate temperature index.
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Fig. 7. Schematic illustrations of the paleoenvironmental change of ESKP, East Sea. a: Paleoceanographic environ-
mental changes with units in response to global sea level change and tectonics; Unit I: Distal Basin, Unit II: Distal
Shelf, and Unit III: Shelf-Basin transition. b-1: Uplift of the Fossa Magna region began at ca. 7 Ma becoming terrestrial
environment at 7 Ma. b-2: Global sea level fluctuations changed the bottom water conditions of the ESKP during
the 15-7 Ma, and redox conditions were controlled by inflows of the OMZ warm water. c-1 and c-2: Present- and
paleo-coastline of 15-7 Ma (modified from Sato, 1995), respectively. c-3: Seismic-based physiographic map show-
ing the graben bathymetry of the ESKP in which site U1430 is located (modified from Horozal et al., 2017).
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