A Aete]A] A 41d A2 2, p. 211-226, (20059 69Y)

|2 Rt A TEE 243t 4T ol whE B #ISkE A58 aiA T dojwtd B
9] 7|53t gk HHE F= A2 vf-¢ AlGe dolth. F=TREE FHoA dojd Aj47) 379 17| Y
g BARE @7] {8l & 2o REEH I F 7HY 58 o] EFFof tisto] B -4 24, EHT
9 2|3t £ B4 223 AR ©AA AR E AT 23 23 E oL g2 &7) ERto]AEA
A Z2A B A A1 13 e 72 122 H2lt) Marine Isotope Stage (MIS) 3 (~22,500 yr B.P.)
B¢ 2T o} s= REH O 9% (open water) B 0] ZAE|F o H, o] o 3] FEAAE Y TR
3 FAHE W FR71vaTo] tha F7sHEh vhA ) H i ®817](22,500 ~ 12,500 yr B.P.) 5-%F A+ 3
A 9] B (sea ice) H-FE&-2 EoHgl e, I A1 AEYAE o] FolEo] EFE W TR718age] 343 7
2515t Bid o) gEl 3 7] 49 F= AS542 Gl FHE el $47]d E ¥ E Tl s, 1 A%
E&E Yol AEFSo] Tttt A Wslr] 5 A2 3e ETjuollx= dAFLE A0 F
7kstgle, o] wj AHHE HS5Sol Yol & 2FEo} F= YAZHLE {UIE FaS Wit 24 F1 3
(deglaciation)- 12,500 yr B.P.ZHE| AZE|¢l o o] wf FEPAHE-2 Ha; S = o] HHE Y /718
o] o Wil 347]4 ™= T3 EoE3th o] A7)0l At Y2 YA H L& 7)o ¥z
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FRO|: F3te 5, & AT Eo} 3, 57 FTo|ABA-F2A, LY/ F HE

Ho 1l Yoon, Sang Heon Nam, Kyu-Cheul Yoo, Byong-Kwon Park, Yeadong Kim and Jae-Kyung
Oh, 2005, Late Quaternary paleoceanographic change in the South Scotia Sea, northern Antarctic
Peninsula. Journal of the Geological Society of Korea. v. 41, no. 2, p. 211-226

ABSTRACT: It is getting urgent to obtain an increased knowledge of regional paleoclimatic trends in
order to understand the recent warming observed on the Antarctic Peninsula and to predict the resultant
environmental changes. High-resolution sedimentologic and geochemical analyses, aided by AMS e
chronology of two gravity core sediments (core SSO1 and SS02) obtained in the South Scotia Sea, represent
the detailed record of late Pleistocene to Holocene climate change in Antarctic Peninsula region. The South
Scotia Sea seems to have experienced occasionally open-water environment during MIS 3 (Marine Isotope
Stage 3) (prior to 22,500 yr B.P.) with increased TOC (total organic carbon) content. During LGM (Last
Glacial Maximum) the South Scotia Sea was considered to have been covered by prolonged sea-ice coverage,
with reduced biological productivity in the surface ocean and strengthened bottom currents which originated
from the Weddell Sea. At this time there must be intermittent formations of polnyna which might cause

' Corresponding author: Tel. +82-31-400-6405, E-mail. kcyoo@kopri.re.kr
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enhanced biological production and bottom water production as well. Major deglaciation of the South
Scotia Sea is believed to have occurred at about 12,500 yr B.P. At this time there was an gradual increase
in TOC content and a decrease in terrigenous sediment due to the decrease in sea-ice coverage. During
this deglaciation the South Scotia Sea might have experienced short-term cold events around 10,400 ~9,500
yr B.P., accompanied by TOC decrease and increase in sand content. The deglaciation was followed by
a period (mid-Holocene climatic optimum) of open marine conditions with variable extent of sea ice (variable
TOC content) between 8,300 and 2,400 yr B.P. Around 2,400 yr B.P. the decrease in TOC content and
increase in sand content reflects the formation of more extensive and seasonally persistent sea (fast) ice.
The ice shelf in the Weddell Sea, now retreating from the shelf, advanced approximately towards the
shelf edge with the bottom water production, transporting large amounts of terrigenous sediments into

the South Scotia Sea.

Key words: late Pleistocene to Holocene, paleoclimate, South Scotia Sea, Antarctic Peninsula, glacial marine

(Ho 1l Yoon, Sang Heon Nam, Kyu-Cheul Yoo, Byong-Kwon Park and Yeadong Kim, Korea Polar Research
Institute, Korea Ocean Research and Development Institute, Ansan PO Box 29, Seoul, 425-600, Korea;
Jae-Kyung Oh, Department of Oceanography, Inha University, Inchon 402-751, Korea)
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Fig. 1. (A) Bathymetry and core locations (black circle) around the South Scotia Sea. Contours in meters.
EI=Elephant Island; PW=Powel Basin; SI=South Orkney Island. (B) Map showing the ocean circulation systems
around the northern Antarctic Peninsula, Weddell Sea and South Scotia Sea. Note the Antarctic Circumpolar
Current (open arrows) axis along the Polar Front (dashed line). Black arrows represent the Antarctic Deep
Water and Weddell Gyre. AP=Antarctic Peninsula; ADI=Adelaide Island; Al=Anvers Island; BS=Bellingshausen
Sea; DP=Drake Passage; LS=Larsen Ice Shelf; SSR=South Scotia Ridge.
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Table 1. Results of AMS “C dating of the examined core.

Core Depth

Age (C yr BP)

Core Material
(cm) Uncorrected Corrected"
Core SSO1 0 8202140 0+40 Bulk sediment
Core SSO1 124 11508+50 3308+50 Bulk sediment
Core SSO1 238 11666+55 3466+55 Bulk sediment
Core SSO1 418 29890+360 21690+360 Bulk sediment
Core SSO1 529 31420+370 23220+370 Bulk sediment

* A 8200-yr correction was applied to all ages of core SSO1. This correction appears to be justified because all of the
radiocarbon ages in SSO1 increase progressively down-core, suggesting that the amount of contaminations is systematic down-core.
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Fig. 2. Sediment depth versus AMS '“C dating and
sedimentation rates for core SSO1. The core exhibits
the variability in sedimentation rate, with high values
in the upper and lower section and low values in the
middle section of the core.
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Fig. 3. Visual core log and TOC curve for core SSO1.
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Fig. 4. X-radiograph of representative sections of core SSO1. (A) Sandy mud showing indistinct diatom laminae
(light part) (4 ~24 cm in core SSO01); (B) Diatomaceous mud (137~ 155 cm) showing indistinctly-layered diatom
ooze (light part); (C) Transitional bed with high ice-rafted debris (IRD) (300~ 315 cm). Note indistinctly-laminated
silt layer in the lower part (short-term cold event); (D) Muddy sand with indistinct silt laminae interpreted

as having been deposited during LGM (480~495 cm).
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S B 74 o] EFAF2 A4 200 cm2] 172 Y
2 T I el £ 1-2 cm] F2AUS
o] rsf Qlth(Fig. 6). AYUZ29] AAHE HET
Z-g-o oJaf) A%l xo| Hol {eto &2 Ao] E7f
5%t o] Wrk(Fig. 7B). AHA=2 5% o5& thE
E| &g visl €4 W g4yt EgEs 4t
8~95 9} 1.5~23 oA A& 0 2 N5l ek
3t Wo|th(Fig. 8). -87|SATL 05~1.1%=2A
o2 EZAde) v il ghe] ¥skE A% Holt}
(Fig. 8). X-A1 A7l Aol Al o2 =] R] o of

Core SS01

Facies TOC(%)

0 02040608 1
TTT

Water C_ (%) MS (10-6 cgs)

0 40 50 60 0O

Gravel (%)

Corrected C-14 age

Sand (%) Major climatic event

Mz (phi) Sorting (phi)

5 100 150 0 1 2 3 4 0 5 10 15 D 25 55665775885 15 2 25 3 35

0 T T T[T T

Jaddn

100

8PP

200

300

Core depth (cm)

400

JamoT

500

600 |||||||||||--|

LB L I T
Neoglacial

A 2400y BP

7 midHolocene
4 climatic
- optimum

8300 yr BP

1 — 9500yr BP
short-term
cold event

10400 yr BP
12500y1 BP
Last Glacial

71 Maximum
4 (LGM)

22500y 1 BP

T miss

Fig. 5. Down-core variations of TOC (%), water content (%), MS (cgs), gravel (%), sand (%), mean grain
size (), and sorting (@) for core SSO1, with a corrected radiocarbon ages (yr B.P.) derived from the interpolated
sedimentation rate. Major climatic events during the Holocene are indicated.
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A A2 20 cgs ©|StE A o2 Wil 1 ¥HIkE
ZHA YebdthFigs. 7B and 8).

SH A o HAME 7340 emz A o
sjlo) sjujs 328 Eakohe A U B Y3
AH(indistinctly-laminated sandy mud or muddy
sand)2 FAECHFig, 6). SJuet Zel A
7 Smom wgEo] e Bdaoln &
5 ghe AlE 902 trehel 59 = o

Core 5802
Depth (cm)

moderate to dark gray
muddy sand / low IRD /
TOC decrease/ slight increse

in sand content V W oy
v " v V.

olive gray moderately v

bioturbation silty day / vV vy W

TOC maximum / L~

absence of sand and gravel / e

diatom ooze laysrs / v v v v

IRD low - Y v

v o Y = 100
v

v
v
dark gray sandy mud / M
increase of sand and gravel / v v ']
TOG decrease / o = T -
distinct silt laminae o =,

dark gray gravelly sandy mud /
high IRD /

upcors increass of TOC and
decrease of sand content

strongly bioturbated well-sorted
muddy sand /

TOC minimum /

indistinct silt laminae /

IRD maximum

— 300

indistinctly layered
diatomaceous mud /
weakly bioturbated /
higher TOC / low IRD

4 — 400

strongly bioturbated
well-sorted muddy sand /
TOC minimum /
indistinct silt laminae /
IRD maximum

At gei(Fig. 7). o] S242] W ¢ F7H140~
195 em)2 S 8 HSkE Hols Ho|go= F
S7IRETE 9|2 242 WA Z7H045~075%)5}
A W R TA(1~15%) s A Hel
th(Figs. 6 and 8). Ho|F Wolxl= AE FElS9
o] F3ishe] Sfrlgade] Fasty Aus
o] Z7l3H= B4 F7H158~162 cm)o] LERITE
(Figs. 7C and 8). Fo]59 HHYUE=75~8.7 9=

Facies

neoglacial

2400 yr BP

mid-Holocene
climatic optimum

BIPPIN
T

e — 8300 yr BP
~ — —- 9500 yrBP

————— 10400 yr BP

short-term
cold event

——————————— 12500 yr BP

Last Glacial Maximum

JE

500

0 0.2 04 06 08 1 12
Total organic carbon (%)

VVV  bioturbation
WY bioturbated diatom ooze layer

/4 undisturbed diatom coze layer ———

—— indistinct silt layer

distinct silt laminae

s turbidite

=fi=d ice-rafted debris

oss sand

Fig. 6. Visual core log and TOC curve for core SS02.
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A & BI3HE HolX] PR EgEs=1.8~28 9= A
E4 F7H158~162 cm) 2 A5} 9|2 242 A
& o g Bl ZIthFig. 8). Ho|S5-2| AR 3t
10~125 cgsZA] 912 7FHA] M} rasht B4
F7H158~162 cm)ollA] YA|H o2 Z7}3ITHFig,
8). Ko]Z BF= ool = sl E|AAS] thE-S 2;
A 3= A 285 eme] YA AE(195~480 cm)o] L}
EPdth(Fig. 6). o] Soll= Fnigt AE G 3o] &
dA&Foz Yehe 79 #3le E4f2 ot
(Fig. 7D). Z-57]8k28F2 0.05~0.56% 2] THE E]
/gl vlsf BA FA T YF 7H330 ~345 cm) o]
A AAF o2 1 gho] 71317 = ghek(Figs. 6 and
8). RS 72 1~270 cgs7HA] ¥iskZo] ¢ 2
Fo] AAA 7 =& TS Btk o g AL
A 2}7F 0~55%2 0~95% 2 A ThE E At
Hlsl G w31 I WS E IoFig. 8). B Y

BT 72 35~85 99} 1.6~3.5 92 A] At
2o 2 Zhol BizlZo] & Ho| AA|H o= thah 2
ot Ba e et Hoth(Fig. 8).

& 2FEO} ol B F Ao FYFo] EF
B9 5372, Y 9 X85}t B4, 7R
719 B4 (AMS “C) A RS EAS A o]
L Zato|AEA 7)Y Z2A4] 5 FAH Al A
o] EA#Q HFo R FAHL & o shEe}
FRole 22 YA AL 34T FR US| X5
g 2 Y F24o] Yehte, 3o ARE A Y
E]54fo] rEpth(Figs. 3 and 6).

6.1 ot E|XAH(Lower Facies)

3l E 1Akl W 9] e HolEe $40
O3 Rk A 02 Hol= o] Hiv} Hjo|m
B J17H299~310 cm) ol 4] AE Z-& [ PALR T4
H B3 39S B elth(Figs. 4C and 5). & Yo
A 12 7HaA Fh7Idae] FH R Fvtst
T BFYETt s HFF2(Figs. 5 and 7) AT
o] FAL aH)(sea ice) o] FaFo 2 HE o}

Core SS02

214

433

(D)

Fig. 7. X-radiograph of representative sections of core SS02. (A) Sandy mud showing indistinct diatom laminae
(light part), destroyed strongly by bioturbation (1~9 cm in SS02); (B) Diatomaceous mud showing indistinct
diatom ooze layer (light part) (43~56 cm); (C) Transitional bed with indistinct silt laminae (156~ 170 cm);
(D) Muddy sand with indistinctly silt or silty sand laminae considered as having been deposited during LGM

(350~364 cm).
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HA} 2] open water) 02 HBsh= I
Al BF gl FRF g F7HE e
o3l f71849 Faol sold 2H=E & 4 Uk
o] FaFol EolEHA 7= R Y
Sao| EES|X vhHo AiFoz S47]H A4
E(AH) 9 35 Eole Ao g Bt gt
o 9JshH Ho|F-212,500~9,500 yr B.P.of| B &=
Ao 2 YePdthFigs. 2 and 3). o] Al7]|= = |
o] 7155 2 A2l 3% (deglaciation) A]7](Cias
et al., 1991)2} YA #t o]z} E=-Hof| 9|23k
IATE(Greenland) Wstol| 7] 558 FH2] 51
A|71(O'Brien et al., 1995) 2= 2 U X|3}1aL §lo], o]
] 9] 3" (deglaciation) A | G-& o] 7]FH
39S 7Fs e Hojeth E3 Aols WY E4
T7H299~310 cm) oA Hole FR71eae] I
AlAQl a8t EqfAet AEE H43EY B4
(Figs. 3 and 6) €A 7} 10,400~9,500 yr B.P.oj|
gshs Aoz & o, npAe HjRst|(LGM)
o]Zo]] 2 A ¢] 34 (deglaciation) T ollA] Qo
9o &F7] 9] Wzl (short-term cold event) 2 &

= ek o W7o T 7152 F 2ol E=
Qo] uh EX|(Palmer Basin)oflA €2 ODP
(Ocean Drilling Project) oo Uehdt E2A] =
719 715 ¥zt7] 9} =k dX|star §lem (Domack,
1998), 0] A7)0l ke AL s (sea ice)]
Aol F7151el sioke) BB 0] gasigl
& o} 919 8 7)2le) A4 Wo] B
W ACR UAA ek AL oA AT 4%
4] ol o 2zEjotshe] Tl ZjepA
o] 2 th= AR 2 u]Fo] & wfj(Garabato et al., 2002),
Z2A| 2719 ©57] ¥Z7] Fetolle o] Asre
POl U= ZS Aoz Hojw I A} Mol W
o] £ 2t Yol gt g3 (Fig. 4C) 9 o
£ 3L F90e Ao Halt,

Aol ofgho] Uefhe U ASe 4R 7748
A ol3la 57 1ekao] 03% olah vl vk vl
7t gl= A3 HRlrk(Figs. 3,5, 6 and 7). L¥HE
o2 U5 tjay HARH Sa7IHaT] ¥
2 HIP} gl B-9= LGM 58 S8 7HA] A=
;A 7|4 5Hgrounding glacier) WollA] FAH

Core SS02

Facies TOC(%)
0 04 08 1.0 30 50

Water C. (%) MS (108 cgs)

70 50 100 150 200

Gravel (%)

” Corrected C-14 age/
Sand (%) Mz (phi) Major climatic events

20 60 100 4 6 8 10 15 2.5 35

Sorting (phi)

0

Jaddn

100

SIPPIA

N
=3
=]

Core depth (cm)

w
S
=]

J8MOT]

1 3 5
TTIRIT TP I [T

\N eoglacial
2400 yr BP

mid-Holocene
climatic optimum

8300yr BP

——————— o = gy 9500 yr BP
short-term
cold event

10400 yr BP

12500 yr BP

Last Glacial
o Maximum

400

=

500 P I P I I Y P O N N T I I AP P P 1 A A ' P P P P I A A

Fig. 8. Down-core variations of TOC (%), water content (%), MS (cgs), gravel (%), sand (%), mean grain
size (), and sorting (9) for core SS02. The correlation of SS02 with the other core is made on the base
of sand content, organic carbon stratigraphy, four radiocarbon stratigraphy of core SSO1. Major climatic events

during the Holocene are indicated.
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A9 tolota] E(massive diamicton)|A] & =
It(Licht et al., 1999). 23 Zo] A Y9 =4]0]
4000 m oo Asfoln HHEe] F4Ho] U2
A3l 2.2 Bok LGM B3k 714 a7} 3ol Ao
7R AEE 732 sjutahcy. ek U Al
o] 714l WolA FA4E cololslEe s sjael
7= FET} 2ojE Y 24 lekat vlva i
s}z v]2o] 2 ©, LM 52 Zolefe] of(sea
ice) 0] Z7Fao] et Hepailel ol &
ST ARl ATE A B 4 gk
T U A9 93 7o} SS019) 470 ~
498 cm@} 6] 55022] 330 ~345 cm) oA E-g7|k
Ao AAFH o2 Frleh= A2 (Figs. 3 and 6)
A 7= Fgel 71Ushke Aoz & 4 3l
o} AS7H] gEX viE e @it S ZEst
g 23 E o} 3192 LGM 52t FAL thaAl o
(multi-year sea ice)?] F--80] =3 A2 Hol
o 11 A} 3|k AEAAA2 S35 W AL

A th(Pudsey et al., 1988). wakA] YA AS
Woll vehd SR71etae] dA- S7He Y
(open water) 27 oA Hofjit Ato]7] Hrk= &
58 QAT AE 3 S5 Aol |A LEHE
Z2t(polynya) 9] F47 #¥lE Aoz Helrh
SNSECRTeVE ST EREE SRSE
o] A Ro =2 HRItHWeber et al., 1994).
ZEve A oY = e A HolA SR =
2y Bole &= vl(katabatic wind)¥} 257 (tidal
current) 9] F2|¢Jo] sl s (sea ice) Tt 7HEH
FA== ¥ (open water) 0.2, Z| 7} tiEE
A oo P SFAES 4] (bloom) T}t A5
Z*(bottom water) 9] F/do] Hojd 4= Sl=d, o] A
ol Y8l EFEES FHELE st B2 4
1] AF o2 9 Mol AR 3557
L= gtr}(Harris, 2000). Z|2ofl ~3)% A sf=2] 7]
o] T Aol oJstd o5 Ad sl A A
€ AT,y diRES A6t 2dEX|(Powel
Basin)& AUHA] Stb= B8& 22 o]Fshe it
H ohE Ships ZARER| 5E9 d A5 Eotg7 |
(South Scotia Ridge)& At Z o] A G7HA] F3k&
w3 o2 oA qlck. skt kel HA]
7} 43+ 12,500 yr B.P. 0]7<2] H(Figs. 2 and 3)&
2 u]2o] 2 f YIukwo) A 2lojit LGM A7}

A x]5kaL YJtH(Domack, 1998; Pudsey et al., 1994).
wakA o] Aj7]o) gl Ffjof] 24H SR RE W
R R EEODRELER PR
7HA] FEEHNE 7FsA0] Atk s B A Yo
U sule 4B @3 St gAlE BE
ol EHEAQ EAS Hola BEuTAE-S 4
5174 vk &5 1 olth(Figs. 4D and 7D). YuHA
S 2 o]Ejgt B4 Hole Adl HHE2 ARl
o =Rk 2| &A o r IFH 47| HEE
2 o|Rolil 43R HANCR HNT 4 oot
(Stow, 1979; Stow and Holbrook, 1984; Chough
and Hesse, 1985; Yoon and Chough, 1993). 2+&
g AT G2 AE oA 7IHe ES AL
Fgro] o & sgoz LA UrhNowlin and
Zenk, 1988; Camerlenghi et al., 1997). Hollister
and Elder (1969)= Fol 2 & AS<ol <J3)
AAE Fog Holx= ZER XS4 (murky bot-
tom water)7} g2 3 &  AFElo} 3] 44
2,000 m o)F B A ol EAFITEAL H3ESH vt QL
o}, wheb F EHAo] YAE LGM Al7lE o5
ol mlg] gd o AS2] dFol R H 2SS A
22 &4 qlon, I 49 oE A7 Bls) ASF
w1 4p0] @ 4o] SaaE Ao welt,

312 E|H AN Zatiol] e uhel 7
Z USZ B 919 YA ALl vl8f FF7 18
o] 31 FERY Ao] FHHIN Bzt A
Moz sl Uehdri(Fig 3). Shaddtfo] 25}
W B Z0] 53 A|7|7} of2F 22,500 yr B.P. o]HC
2 Yeht=d|(Figs. 3 and 5). o] A|7]&= AT =
glo]=2 s o Zo EjFEof vrehd MIS 3 (22,000
~59,000 yr B.P) 2] A|7]2} o= HE A}a}A] Lhe}
Hth(Bae et al., 2002). Y¥EA S 2 MIS 3 A|7]+= MIS
1 (Z2A)) 9 MIS 52} g 7H3}7] (interglacial) o]
FE = A|7|24], £E3] Bae et al. (2003)2] -l
ofshel MIS 3 kol Fahube 2wl sl A
oz Aol STkt HAE W SR71Ea
ool Z7Hd A2 Bashgh

62 =5 E|XAkMiddle Facies)

o] E]ZARe 70 55013+ SS020| A Z+2k F7) 200
cm®t 120 cm@] F2 2 Y2 LA (Figs. 3
and 6), -2 E &40 v FF7 1S T
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o] & whl jAFa L AFEo] HhS B o]
E7Jo|chFigs. 5 and 8). X-4 ARzl AdeflA HH &=
7 1~3 em®] FEAYZo] B s Yehtu
20] AARE thrto] YETAREL A5
o} E=R5}A] ¢k Holch(Figs. 4B and 7B). A=
F2AYZo] A" F7HZ o] SS019) 120~155
cm®@} 219~281 cm 18] a1 Fo] S5022] 60~95 cm
9} 116~138 cm)of| A FF71aFo] =& a2 U
ERlith(Figs. 3 and 6). E=3] B A& WolA 7=
o] HEE= 739 sy A== o) 35
| 7129 o $4719 BAE FFF Abo]
o] AiAQl W3t o3 A" rhDomack and
Ishman, 1993). & Y71 €9 F71& 35°] €4
Sk S 49719 BB Fgol met HyE
el Fg7IeraTo] W 4= 9ok, Teh} 2
AL ot AFse] Wath A glis o
$71eko) sk AiHom A BES welt
(Figs. 5 and 8). o] A& S5 E|&4}o| Zol= ¢t
o 47149 HAEY a2 vln2] EPFH vk
of AELE e o3t Fr1Ed e Fgol Mt
USRS Yu)eieh. dutdo s FFsfoA Lo
g 5 e 712 399 Hske 2170 &4
S ZRE FFE §F(meltwater) 9] FUSE E
Z 3ol A (stratification)o] LoLHA AHEAY
12 Z7ke] 9919 4 glek. shadrfe] eJshy 2
B EFA o] FAE Al7]= 2,400~8,700 yr B.P. 7
© 2 UehytthFig. 3). YutR o o] X|71= Z2A)
%7](mid-Holocene)ol| 3jG== A|7|2A4 R|S7t
A L7l viof| oJstd e5do] H|s B 7]=0]
oF 2°C 7H4] &4 Aoz HltKImbrie and
Imbrie, 1986). &=2A F7]°] B4 S5 =&
FTH7IgaTo] e5de gtk Zolo 4R
o] IR0 vl #A Uehbes AFES 99 AMS
Z Ag3) =11 QUth(Figs. 3 and 6). £3], o] A|7]9|
T N9 Ff7Ieage] Zi+#7H(Figs. 3 and 6)°]
Uel= A2 Shevenell et al. (1996)0] 'E=H=
AZ&2] YW (Lallemand) I Q2T ofA Bk
QAL ol AR, o] &0l &JstH o] FR7IEA
T 2o F7to] E=2A 7100 7 2EFE A7)
24 o] uff 3] At o] HE Uoltd A
o7 Justgch

6.3 M5 E|XAl(Upper Facies)

AR EjEARe. Si0] SS013} SS026l14 242} 7
100 cm®} 15 cm Q] AFE U2 AR HEAHo g
TFRAYSE ZF3IcH(Figs. 3 and 6). o] EJZAto]
TRAYUSE ZFSITH= FollA S5 =-Akat at
Z7HA 2 AP 21 QU (open water) B4 B
4 Ao B 4 glovk AHERT diRg gtol 5
3 ElAbET) ol o2 njRo] B u, A 5
Hao) g4 A7)0l AR §4719 Hae
o B0l Z7HRE A0z AZET A om
Solz foluhe $4719 HHRe] BE e 2
A A 712 AZHeE 5= 9l A dhEEolut
SAPHol A fo] BHE a5t A2 Rl of3) A
(reworking)E|o] E|FEo] FFE+= H-(Singer
and Anderson, 1984; Anderson and Kurtz, 1985),
A= = 2o Iadt 24H5Htidewater
glacier)o| 4] 7|¥dh= &S 4= (sediment-la-
den meltwater)7} 58 wet W vBit7HA] o] E
= B AAe =1 S = RY g vk 9
3 F44719 EA =] vitkz FaHe Aotk
Stein (1992)2 H=HtE AH o] mje 2 =i A&
Fo] B A Z9| 5ol vehd Abd =k Skl tisl F
A& EF =7t G2zl AHE S01A] ol&°| &
A7199S 4% B ok a2y o SS013
S5029] /ol Yeht= YA Ab B &S vlz of
o] T 7 B4 v wd off @58 Eurrt B
A= A2 Helk(Figs. 5 and 8). wahA] AR
B2 ol Uit AR o) S7he 348719 o A
o|7] Bt} 235]8 7% Yztoe =z lsf A s =
S(ice shelf)ollA 719€3t IH T A ZF(bottom
current)7} AH E| & &g 4 292 & 4= qlr}
dutd o2 A FFol s ute HAES 589
o] mjopgt Holw W] (hemipelagic) =4
2o 23t f71E Ta = A 27| w2l E+71
grawo] F7IsHAY F2AUSe| 34E 4 Utk
ASH 7199 7HedL 2529 I HoA &
SH AS5Y 540l A9 o HgollA 7] ¥st= 2L
Ur P2hpot FUsitte 29 #5 Aoz
& 4= QIth(Whitworth 11T et al., 1994). AV 7}
o gt th2 g o 24 7|$ WYz 2 HolEHA
FojR|He] g7t ARL2TY H(South Orkney
Island) 9] ¥] @ 2 Eof Wdgl 241317 AZIEH
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3]
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5 A7} s} shRoA 7] sk Eetet g B
Fol AHH R ot 22 & % it} 17
U F 2o & 153 = L= (South Shetland Islands)
s o= EolA $aE 2aBae] AT Bt AT
Ajol ojsta st nE s Uk Y H3
g tjyio] Wo=E oy HEEtE A
(Yoon et al.,, 1998)2 | F o] & ufj, 2413} 7] ¢ 9]
£24719 B2 50| g5l ofa) A uhchrin) B
2 15 4E sl Shadte] ofstel AR H
Aol A4 Al7]= 2400 yr BP.REE AZE AoZ B
QIrkFig. 3). YukAO R o] Al7ji Yauke x|edo]
24 71¢] 2118 B A19s}] (Neoglacial)
o] Fol& Al7|12 €A JrhDomack et al., 2001;
Leventer et al., 1996, Yoon et al., 2002). ©] A]7]9]
£ &34 Z719) vl 522 =9 31 (sea ice) A
80| 2712 A3t shere] HEAAo] FolE
wlo] B4% U] $47Ikaol FAT AO2 Y
A uth(Shevenell et al., 1996; Leventer et al.,
1996). A1719] 7128 daE S4ye] 5AE
HENAE & Yehtal ok Bjorck et al. (1991,
1996)2 & HEIE #x=9] Y AE H(Livingston
Island) T} F=ute B5Zof X3t 24 M(Loss
Island)®] 4 B =24 2,700 yr B.P. 7o) A1
sh71e] 712 magh vl glck. S, koA
QJojut A1Mshr]e] AlRhe TR WatelA 2
o Br&5%l S2A) &<t ERkE @Zh7](cold triple
events: 3,000~2,000 yr B.P.)] A|&}a} 2 A X|5}aL
210J(O’Brien et al., 1995) Zo] SS013} SS022] AHE-
B2 ol vehd AlWsl7| 9] A= AR A 1Y)
3 3k 7Hs A= AARRETE
6. 4 E
1. & 230} sfjofA] L2 0] SS012} SS02¢] T
sto] E|Aet 9l 2|3fetd E4 £4 18 g4
=9 ddiE 4% 21 F 23 Eo g &
7] Zeto| AEA|RE S2A7HA] A W] W
37} dojpton o5 2tz EQ QI H3=
Uehlcy.
2. 35 E|FARE 22 LGM A]7](22,500~12,400 yr
B.P)oll F4E YZE A2 FAEE o] o F A5

Elo} SG2 = (sea ice) F-F-&0] FASNA =

713t Ay, s o] a4t o] FastA =L
o|AL EHE WY FHTeaTFY AR YE
YA = 3ick 22y LGM F¢t QIFE A1E 319
EUol| A dofd AEEFIEY AT 4
S SR Q] W2 ¥ frIE] AF e
2 9 23 ot §i7tA RtE e, O A
B2 Wl SR7Igkadol dAldem Frtst
= A4s 25T sHE B A4 W o
et Holg2 LGM ©7]o] 27321 s
(deglaciation) ¥}7%(12,500~8,300 yr B.P.)ojA|
FAE oA AEY4LE0] HA}F F7tst
o {718 Fa°] sold W AtiF o2 547
A EHE9] o] Eols S5 Helrh Aol
Z Uo] EA A]7](9,500~10,400 yr B.P.)ojlA &
Ao Fg7|ekago] ZHastn Aol 2
7otz @A aflH(deglaciation) I} of|A] Lo
o &=7] W27 (short-term cold event) 2 & 4=
Utk B2 Fshto] Y= ifE YEASS
E|& A]7]7} 22,500 yr B.P. o] H o2 A 1F3t =
glo|= s EZEeolA Bard 7Stz MIS 3
of jalo] 257 ]kaare] S7h of ) lofyt
Qparel o) $71ok WS Belo) gl

3.2 UR TAE 35 HAge 224 37 &y
71(8,700~2,400 yr B.P.)ol| FAE o™ F77]
Shago] Al om FR viwe] $47)4 §
223} - gutolo] o] o4 (sea ice)o] o]
Zo]& AFZQl 9% (open water) TF 2] EA
= Btk A Ul s4719 249 Hgt
7} 9= WHdof| ST e At Wizt &
AL AEALHE 9 |37 QI Sla= AR

4 A YR PR AR BASe REAeR 2
AUSS ZF3ITH= HollA £ (open water)
2o B Kol 7 EZA| vls) A+
B2 A ST AR B3 A1719 S
71 A= gl S5 H3A vlsl B2
Dol o] B &4e] F4 A171(2,400 yr B.P.)7}
S0 AWE7|9F Aok AR S uf '
23 Elot s go] d 3ff WEollA 7t AS
o] Y= A HEA &4 719 HHEY 35
o] 3713t Aoz Hilth 3L o] Al7|o) F E=
Wotet JHTAE WSt A = WZH7)(cold triple
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