OH

Al

10

™

KO
<

f)
nr

o
<

a

o0

=
o

oK

gl

CUH 2HJIe AE= g =

= M

=" DtEe

fs)
wr

b

StHISl A
=

LICt.

|.

S
=]

=
=

tAEDNZ H

.

2023.

T &

80
il

&l

<

wr

ok

il
80

-

ol

ol
®l

3l

e

wr

Ok

-

<0
Il

<

PIEHE 011 P



Aetd T A 3 A= ZAEHFZAA 25 o] &3 ATA 9 18 ¥ AT
3l gt A A

AerdTFAdA | B o & Hol 7912 2 e 50,000,000
A771HY 2 _
ot andstn skgde | Rl
TAFEATF 4=t A= AF7]88

= = i:ﬂ_/\‘]
LFATEAHAE FAHOZ AF2 50040 ) w2

\__T

@ = Aoz RE AFH S BS17-GC18, RS19-GC09¢F APIS-LCO6E A EH A& &4
®@BS17-GC18: 224 54%, & /MAF 5% 001 ~ 9.25 x107/g

& - 4710 T (700-839 cm), II (500-700 cm), I (231-500 cm), IV (40-231 cm)
@RS19-GC09: 2747 57F, F% MAF % 001 ~ 2875 x107/g

T2 -0 4700 T (190-330 cm), II (130-190 cm), III (70-130 cm), IV (0-70 cm)
@AP18-LCO6: 344 82%F, 7F& /MAF % 1.2 ~ 5.9 x107/g

7t 94 FE9 Eo AFHeZ Yy Ss e = 4
® 13k a4
OBS17-GC18: Glacial-Deglacial-Interglacial-Glacial®] o2 AFx g9 137 W3}
ORS19-GC09: Glacial-Deglacial-Interglacial-Glacial 2 1.3+7 3}
ORS15-GC67: Chaetoceros resting spores®} 772 AW /WA4 =71 Ao

gk 1200 ems =Y SHE-7F AF-REE 2938kl S (warm period-cold period)

2

ow I

& = | AES, 2o 588, & 3, 194
A el o
(% 574 19
% ©] | West Antarctica, core sediment, diatom, assemblage zone, paleoenvironment




Hr

A

AAH =

=
=

Wste] wE gt e W)

S
T

Aol A 7]

=
=

ice-mass®| W3}

- AFEEtE A 2 FF 2 sea-ice, I

A o] H 3o

Gl

il

A s,

doti7] ¢

tH, FAAA AT FHSAAANANE, 7%

S

o
A=

Joluba Qi U9

I

Bhof F)ell Bt

H

49

4 |

o Y77 ¢l

3

AgFAGeN e Fx AT o] Basict,

A=

3|

4

AR g o

1.



124 37idsd sdd d7 "= Ads Aol AAE Agze AAREAY
(BS17-GC18), E2:3 McMurdo Sound A% (RS19-GC09), Joinville Islands A9
(AP18-LCO6)°ll SiFE Tt 7} - ZoZHH = E45 F5t9 st &2 A7

t}. sea-ice species®} open water species, Chaetoceros resting spore$} 22 37 =] A

Foll Qi AFFo HAeo] HAGA 1S stk
V. d7mdd =

A= Ao X3 T 2" A=, McMurdo Sound, Joinville Islands A& S &

BE] BS17-GC18, RS19-GC09, AP18-LC06E S AFH 3t Fx2E EAstg )

O BS17-GC18
- T 2% 54F A
-4 HFx FHAE A

72 AW 1 (700839 cm), = @A I (500700 cm), T2 *Aoh I (231-500
m), F2 AW IV (700231 cm)
- Thalassiosira antarctica®l cold type™ warm type, Eucampia antarctica var. recta®}
Eucampia antarctica var. antarctica® 4FZ¥|al 2 AN Fo Exo wet 137
3} 84

Glacial-Deglacial-Interglacial-Glacial 2] =02 A2 o] 137 W3}

O RS19-GC09
- E 7% 57% A
- wle) Fx 2AUE 24
Tz FW 1 (190330 cm), F= FH K I (130-190 cm), FF T 1 (70-130



), 7= = HH IV (0-70 cm)

- FAF(TW)H W F(TC) 2 4+E EXE TW/TW+TCE v} Hlwste] TDES o

Bt az, Z1o] whEl RS19-GC09¢] A g1t 4 2] 7|5 WEtE vof
Glacial-Deglacial-Interglacial-Glacial®] <=2 & A3

O AP18-LC06

- T 345 82% 1A

- FRATEY ASo] ALKHCE YUY S-S WhEstes A BY

- ¢F 40001 o] %o EHEHUS ™M Open waterd ¥ Sea-iceF2] A& EEE vl
A3, open waterE ¥ sea-iceF o] 4tFEo] AEFAH o2 UEPHHA sea-iceF ] AHE0]
FAH o2 A Uepdth webs FESE seasonal open watere] A17]7F NoH,
601 cm, 800 cm, 900-1050 cm, 1801 cm, 2001 cmTXtoll A= F kerguelensis®] 4t&©
UEtU= Aoz Kol miedt si7t FAdEAS

—_

V. diE e 2848

gl FRATE 1990 Fukel] AlzkE o 20231 AA7FA oF 30 de<t
o] A7 FHH A,

v @5 AFEAEANAY F2 A7 AR AT Aol v Ay, dwA @
e T A7 dHolHE SEstE dele A7k AlRlo] ¥ n

utebA, wE AZrel A=) AT ARE wErbrldlE g ofEEol
HEol IAsEe] A7 =28 LI fsies Sdt EATUE ALEo ok

s HAsa, AFetd 7o nee FaA ndAel WAE e e A



SUMMARY

(3 & 2 o 7

|. Title

Research on the biostratigraphy and paleoenvironmental change using diatoms from
core sediments in the West Anartica

[l. Purpose and Necessity of R&D

© Purpose

The purpose of this study is to identify changes in the distribution of sea ice and
ice sheets by systematically studying the changes in diatoms due to climate change

in the region near the West Antarctic Sea.
© Necessity

- Since the diatom assemblages in the West Antarctic Peninsula informs changes in
sea-ice, nutrient supply, stratification, and ice-mass, studies on species composition
most closely reflect the record of the past warm period.

-In accordance with the goal of this project, which is the study of the West
Antarctic ice sheet retreat and ocean circulation changes during the past warm
period, the changes in the size of the West Antarctic ice sheet during the past

warm period will be restored using the results of diatom research.

- In order to find out the cause of global warming in the Antarctic region, it is
necessary to carry out micropaleontological research, and to keep up with
international research trends (development of environmental indicators, climate
change prediction), diatom research in the West Antarctic region is necessary.

lll. Contents and Extent of R&D
The scope of the research conducted for three years is the Crystal Sound region
(BS17-GC18), the McMurdo Sound region of the Ross Sea (RS19-GC09), and the
Joinville Islands region (AP18-LC06) located in West Antarctica. Through diatom

analysis from each research core, the following studies were conducted.
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- Establishment of sedimentary age and biostratigraphy according to the age

indicators

Establishment of biostratigraphy by assemblage analysis using the distribution of

diatoms

- Analysis of changes in sedimentary paleoenvironment according to environmental

indicators

As a biostratigraphic study of the occurred diatoms, the distribution pattern and
cluster analysis of diatoms were conducted, and basic data were formed through
quantitative analysis of the production frequency of diatoms. The paleoenvironment
at the time of deposition of the core sediment was analyzed by environmental
indicators such as sea-ice species, open water species, and Chaetoceros resting

spores.

IV. R&D Results

Diatom analysis of BS17-GC18, RS19-GC09, and AP18-LC06 cores from Crystal Sound,

McMurdo Sound, and Joinville Islands, in West Antarctica.

O BS17-GC18
- A total of 22 genera and 54 species
- 4 diatom assemblage zones

Diatom assemblage zone [ (700-839 cm), Diatom assemblage zone II (500-700
cm), Diatom assemblage zone III (231-500 cm), Diatom assemblage zone IV

(700-231 cm)

- The distribution of cold and warm type of Thalassiosira antarctica, Eucampia

antarctica var. recta and Eucampia antarctica var. antarctica.

Analysis of paleoenvironmental changes according to the distribution of

environmental indicator species.

Paleo-environmental changes in the study area in the order of Glacial — Deglacial
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— Interglacial - Glacial

O RS19-GC09
- A total of 27 genera and 57 species
- 4 diatom assemblage zones

Diatom assemblage zone 1 (190-330 cm), Diatom assemblage zone II (130-190
cm), Diatom assemblage zone III (70-130 cm), Diatom assemblage zone IV (0-70
cm)

- TD values were shown by comparing the calculated distributions of sea ice species
(TW) and sea ice species (TC) with the ratio of TW/TW+TC, and thus identified

four climate changes during the deposition of RS19-GCO09.

Paleo-environmental changes in the study area in the order of Glacial - Deglacial

— Interglacial - Glacial

O AP18-LC06
- A total of 34 genera and 82 species

- The occurrence of dominant species appears continuously and shows a tendency

to repeat increase and decrease.

- As a result of comparing the yield distribution of open water species and sea-ice
species, the occur of open water species and sea-ice species continued to appear,
but the occur of sea-ice species was relatively high. Therefore, there was a period
of steady seasonal open marine, and in the sections of 601 cm, 800 cm, 900-1050
cm, 1801 cm, and 2001 cm, F. kerguelensis was produced, indicating that warm

seawater was introduced.

V. Application Plans of R&D Results

Diatom research in Antarctica began in the late 1990s and has been conducted for

about 30 years until 2023.

However, there are very few professional researchers in the study of diatoms in
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Antarctic marine sediments, and it takes a long time to obtain research data

through microscopic observation.

Therefore, it is very difficult to keep up with the research achievements of

developed countries in a short period of time.

In addition, in order to publish qualitative papers at the international level,
collaborative research between academics and institutions must continue. It is
necessary to carry out long-term research that interprets changes in the
paleoenvironment through sedimentological and geochemical research and

supplementation.

The basic data of diatoms obtained from Antarctic marine sediments can be applied

to geological science and polar paleocean fields for studying palaeoclimatic changes.

In addition, in order to respond to climate change, not only the development of
advanced technology, but also leading research activities for future climate
prediction must be preceded, and the results of this study can serve as a basis for

predicting climate change.
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712 askgho]l 2l HAv(HrF s 9], 2021). A 7)o A

olebe Bl BE RFON Txe ATARE o

AAAA A AAHom s FHS 7HF 12505 100000%F o] FEFIF AAeta 9
onl oldE FERFO WHAS T2 BAE ZFET GFis AUS
9o AEAoR ARNAALS AHSES MG FrEE destzd 2
Fo golatn 12 AAbHo] ERate] Ayl 2 a1 g HEE AAH Fr TS g
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(Stoermer and Smol 1999). E3], 119
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WAk BotAdS fFuhsth(Golledge et al, 2012; Pollard and DeConto, 2009; Thomas and
Bentley, 1978; Bollen et al., 2022).

T3 A WA REH fE 222 O
© dA wsEsi A Al A=TF ofalAl L loem o
o]l 7HastE Ao Ha HAHGille, 2002; Menezes et al., 2017; Meredith et al, 2014;
Purkey and Johnson, 2010; Williams et al., 2016; Bollen et al., 2022). t&¢] &5 o= o}
55k 29 FYS 22, ofeAs, FaRtEAY 5 ESFHEE o AHFow V5

t}(Castagno et al.,, 2017, Hillenbrand et al., 2017; Morrison et al., 2020; Smith et al., 1999;
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Wahlin et al., 2010; Bollen et al., 2022). w523+ Circum-polar Deep Water’} ®elxH o=z #
GHH gl £t Srtstel HE $EH 2 SHE dode= Ao® AZ¥t(Dinniman et
al., 2011; Pritchard et al., 2012; Bollen et al., 2022).

wepa], A Ao e B WA dxd FE e u3kd Wt 7 5S datete] @A

oluhin Q= ATV @ 5w Fel U WS 27 98 Baso

AgdFAGel Ao gtz A9 Falo] Mg s ojof drh(Fig. 1).
WA 2drle] 13 Wss 5
SAS viddtE V2 AREA e, 53] AXGRT H=A 293 o ESHA]

9T A7 eAE A7 dele] Fue ARAS BANA} & Bast Ak
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Hot topics

98. Morphology

84 Molecular identification
109. Gene-expression

39. Allelopathic compeund

70. Spatial-temporal distribution
47 Genetic diversity
57. Taxonomic diversity
35, River
88. Biofilm
80. Functional and taxonomic diversity
108. Diatom community
52. Freshwater diatom genera
100. Diatom in ccean
43. Estuarine
116. Phyplankton community
§7. Climate monsecon

40. Diatom abundance

102. Environmental indicator

22, Climate change

ng use
90, Water quality
112, Toxicity test
86. Adhesive fouling

ke
wW

56. Mussel invasion

77. Dinoflagellate bloom

58. Review

wEH 30. Aguacuiture cultivation

1
o 1 2 3 4 5 6
Slope (107)

Fig. 1. 1991d-20187kA1 &) AIAI A1 F % =& T4 (Zhang et al., 2019)
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1-38. d372] He

194 7idsd FalE A7 He Ads A YA Agrg AREAY
(BS17-GC18), Z2=3] McMurdo Sound #] 9 (RS19-GC09), Joinville Islands #] < (AP18-LCO06)
of siFHET. Zt AT FoRFH 2 FA4S Fold AFAYGe 13 I E FA s

1AEE: A2 AE XY

BS17-GC18
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22t d E: McMurdo Sound X<

RS19-GC09
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3%k E: Joinville Islands A Y

Average winter sea ice limit

Weddell Sea

33°W

AP18-LCO06
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2-18 =-uje] ddEokel it Jedd®
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72 (Class Bacillariophyceae)= © % Y AefAIY ALY 2E FHe AAA A
e At AR 7S VM dAME, B 2 JAAEZA 27 Jile A=
Hhd o2 ZX e (200pm V9, olE2 A o|AseAE 1A BrstES s

&S skl A AA 1AF AR 20% o] S AATH. tEFe dd & AT
H

~
S th 1991 Al 2018 7}A] WFH W FERHF
=, AU, G5, T T, 55U To® g =S Husdvh(Fig. 2).
olE w7tdA EHE AALY 70.73%F AA M, WA EHEL HFS FHY Su7t 4

4543%%}F 2842%5 AA P ev 1 FHE ofo] ofA]ok(15.32%), LAloFHoH(4.86%), | (4.24%)

wolth, 4, ~¥l, I3, vEdEe] fxF #d ERES 1919FE 2147 27 A=
7FPA R A 109 52k sk o (Fig. 3).

eyl s B SGEAEAAM Y 2 AFe BAxZdE dY; o]dd (1996), v
9] (2001, 2007a, 2009, 2011, 2015), =&lo]=
gk Ebd g 9)(2004), AR~ 2AYAIE; ghd % ©(2007h) ~FEo}al; Bak et al (2007),
A3 Bak et al. (2018), &23): vFed< ¢ (2021)9 A So] U

i}

{0

¢
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13; 2k < 9(2002, 2003, 2010, 2014), =<4
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~ 1000 €] B3 ArlgselA Gl Tz AF A FA
B

Tzl 12014 wobd Aol bsstn A% Rk EtE AR ARk

Tz AN AS A (Scherer, 1994)8 th&yp o FA o7 Tk

Abundance = ((AxB)/(CxD))/E (A=number of specimens counted; B=area of settling
chamber; C=number of field of view in microscope; D=area of field of view; E=mass of

sample)

species®} open water species, Chaetoceros resting spore$} 728 37 x| A|Fo| oJ3fA A|F

so] BARe] HAYA 18 A5
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Sol e A el oF 90%E A, ATH AF AxWS A
sz o Fod @S sta vk I mw g7l 227 1950d Y o F 10de] 0.1TH 7

gom, doz ¥ euast A% How AAAnk aHBE BRI AdTe W oy

19961 F-8 20061 Atolol] Ag=rol Al ofEal ajo} W a4l s]e] AchS Wt ice mass
o] &2lo] 59%AHE F7eFH 2 (Rignot et al., 2008), ofi-Al & X oAl 7AW ice masse
TS 81#17km3/d 2 & e TH(Rignot et al,, 2004). ®M3k7E kol il FEH O] &= 7hE T
Aom, ANFFRIGHWAIS)S <t Fos ®sE do7]i Adt(Joughin and Alley,

= B2 4R dEeH ATV A ATTE7E W @<=t =, Antarctic zone
7} Subpolar zone©l A cold (-1.5C)d}al low-salinity 3t Antarctic Surface Water (AASW)7}
Warm (>2C)3}a. high-salinity?r Circumpolar Deep Water®] 9o =<t} (Jacobs and
Comiso, 1997; Smith et al., 1999). &3k o}&Al 3] wke] ¢ot7tx] CDW7F 945+ A o
FAME Y g 539 AYPLA EA ok oty (Walker et al, 2007). o]#g 54
oAl & w4 Hillenbrand et al. (2017) A F 3k 5702l FZH A & Z5FFH grounding-line
of A3t facies Aol AH T £F3 F2AYE TSI, 12,000-12,700cal yr BPH
o= W% (inner shelf) ©o] Wst=HE AFEZASFS A AT =28 e F=el, 53] 2
2~ W% (Ross Ice Shelf)e} A= W4 (West Antarctic Ice Sheet)o] <tz #aAste] 4
B AEe] FRHL vt BadE UG B A A9 T oshboln e

marginal ice zones, 919t ¥ & A G} e gt FF FF9] AlA~"S EZ skt (Bolinesi

o

743
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et al,, 2020; Saggiomo et al, 1998). o213k 8¢ A &g Yo Zas) A9 =)o A&
St B Aejetd 540 ek 715 wWate] e gFS 2AFe7 o A et
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3-38 A7 A3}
1. BS17-GC18 = ¥+ d ¥ 1387 34

AY2g AFEE K oA A FH 3 BS17-GCI8 Fo] HAE (66°44.2629 " S, 66°56.0963 ~ W,
water depth: 1218 m, length: 890 cm)Z5-H F 19712 A5 & AFH AL, F2E #4435 4
I F 224 54%0) A eH, 72 A /AAF FEe W= 001 ~ 9.25 x107/ge] WS
E A AT bEE 2 F TolA Thalassiosira antarctica’t 268%Z 7} FH-3HA AF
Yo FNtEl= FO 2 Fragilariopsis kerguelensis 15.7%, Frafgilariopsis curta 9.3%,
Eucampia antarctica var. recta 8.8%, Odontella weissflogii 3.2%7} A& o2 tt&F A&y

21 thH(Fig. 4).

N

rx
)
=

PN
9o 4

T2 B2 4709 72 ASANE A5 (Fig. 5)

e

= & |1 700~839 cm
valve abundance’} " Yil Chaetoceros RS2l 2t=o] A §lo] Iceol A¢FS Ho] e

glacial*] 7] ol 33 o}

= & Il 500~700 cm

TN F F. kerguelensisSt T. antarcia®l F=°] THF3MAH, o9 &S] ice-edgedSl E.
antarcica®t NWEQ F. curta, F. lineata, F. ritscheri®]l *t& % #53}t}. valve abundance$}t
Chaetoceros RS9 AF&Eo] 4084 S7ste Ad¢S Hloh wEkA, oAl 7= AldZ A 3 <

FFS Wol W= deglacial Al 712 A ZHH T}

= T/ l: 231 ~500 om
F.  kerguelensis?’t Z7Vstal F. curta, F. lineata, F. ritscheri® *tZo] 7FA3slH

Chaetoceros RS9 At&%= 7+
=

T & IV: 40~231 cm
E. antarcica, F. kerguelensis®} valve abundance®] 2t=o] AtjH oz Fo] == Zow H

o} o MIXEth+= colddt glacial A7]1= Azt ),
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Eucampia antarctica var. Dominant SpE’.‘CiE‘Sl

recta
30.0
25.0
20.0
15.0
Thalassiosira antarctica 10.0 F. curta
5.0
.0
0. weissflogii F. kerguelensis
Species percent
Eucampia antarctica var. recta 838
F curta 93
F. kerguelensis 15.7
O. weissflogii 32
Thalassiosira antarctica 268

Fig. 4. BS17-GC18° A At&=d $-AF <] Hl&
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Thalassiosira antarctica® cold typed warm type, FEucampia antarctica var. recta®}

Eucampia antarctica var. antarctica®l ‘=S Hlusg A3} 700 emT T olstel A= coldE

warm& 9] AtEol A9 glem 231 answ oA E cold &< Thalassiosira antarctica®l
cold type¥} Eucampia antarctica var. recta® t=°] S718te= AE & 4 AH(Fig. 6). v}
A, & wd 12 Vel sl d s = Al7]odl = glacialst A7) &S <7 dow R oA
= 3MNER] Thalassiosira antarctica’V 5 7Vetil Eucampia antarctica var. recta® <7}l
Ao 2 Ho} deglacial Al7|2 AzZtE Fx ) NIl A= Thalassiosira antarctica® warm

typed] Ab&Eo] AAH o R EXS Fucampia antarctica® Ar&wFo] FH3 2107 Hol 7
H
[e}

-

Thalassiosira antarcticaTC Eucampia antarctica var. recta

o 100 200 300 400 500 BO0 700 BOO 200 o 100 200 300 400 500 GO0 00 800 900

Thalassiosira antarcticaTW Eucgmpia antarctica var. antarctica

&0

30

0 100 200 60 400 500 600 700 800 200 0 100 200 300 00 500 600 700 800 a0

Fig. 6. Thalassiosira antarctica®) cold type¥} warm type, Eucampia antarctica var. recta<}

Eucampia antarctica var. antarctica®l *t=Z ¥ 1l
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2. RS19-GC09 7t& = d 2 2874 34

McMurdo Sound®l<toll A {3 g RS19-GC097 o] HAEZEE FF ATE 93] 10em 7+
Ao F 34N ANEE B A3 F 275 57F°] = AkFig. 7).

RS19-GCO9 Ocm RS19-GCOS 10cm

RS19-GCO9 20cm RS19-GCO09 30cm

RS19-GCO09 40cm RS19-GCO9 50cm

~ RS19-GC09 60cm RS19-GC09 70cm

Fig. 7. RS19-GC09 ZololAl &7} 714 FERE1A &8 73re] F2(0-70 cm) AA



Aol Ay Ad) MAS FE7F 001 ~ 2875 x107/g WA R YEl oW Fragilariopsis
curta (32.3%), Thalassiosira antarctica (16.2%), Eucampia antarctica var. recta (8.4%), F.

obliquecostata (6.7%), F. sublineata (5.7%)7} thd o2 $-AstA 25 A H(Fig. ).

Az e #4 RE Gl weh o9 TAUE 24590 Fig. 9).

7= & |1 190-330cm
TEe Aol wl$ AL oA Fx AAF FE7F 0.01~032 x107/ge Hedl sdH
t}. W EQ FEucampia antarctica var. recta®t Fragilariopsis curta, F. obliquecostata, F.

sublinearis?’} A‘=% v, FMNEQ F. kerguelensis, Thalassiosira antarctica, Rhizosolenia

styliformis®] AtEo] AwF YEhdT),

P

= =X 1l: 130-190cm

TE MAF vE7F F7rske e A 311~1325 x107/gel WeE vebdoh siE
Eucampia antarctica var. recta®} Fragilariopsis curta, F. obliquecostata, F. sublinearis®] t
Zo] Z7}8W  Actinocyclus  actinochilus®t F. turgiduloides® *tZo] epdch i<l

Thalassiosira antarctica® A& %= F7}8tY Chaetoceros RS9 AtE% Z7}3tE= F-7ko|t}.

=¥

= & 1ll: 70-130¢m

AG %71 10.94~2243 x107/ge] WMol &t 7z +7d oA Bohes Aoz o
2 FTRIA Jebdt}. Fragilariopsis curta®l 2bEo] & 3o HolA ®Boh 7H4sh bk
% Thalassiosira antarctica® *r&-2 7% 8 1o A ®Bt} F718ke] yeld

By
BN

= =& Vi 0-70cm
T2 AASF FE7F 1632~2875 x107/ge] WAR A ZFoA 7Md FHeA AEEHE 73

ol Actinocyclus actinochilus, Eucampia antarctica var. recta®} Fragilariopsis curta® ‘=

o] AN A o7 Z7Vetal FalEQl Thalassiosira antarctica® &S 1F F W Mo A B}
thZ 7FAasith ey, 28 Fél F2 F. kerguelensis®] At&EE EREA eI

F3E(TW)Z s (TC)e A& FXE5 TW/TW+TCe #Hlet vlaste] TD#S e
Lo wEt RS19-GC092] 2 &<t 4M 9] 7|5 WstE vdotatdith 190 s+ 7I€o=
Fol A= coldF ¥ warmF o] AbEol w9 AA yEhal, AHA S Tdgk2 AWAs7E vl F
3 o2 TWO gto]l =4 yetstoy, ojA7l= 2ddnal sj4=7] o= 27 247

38
Rl

ol
el

_30_



o8& a3 Al7|(glacia)Z AY 7z th(Fig. 10).

ol5 FWtHSl= Ao w Aols FRZQ  Stephanopxis turris (LAD: 2.96-3.08 Ma)7}
180-200 cemoll X Paralia sulcata?} 190 cm ©|3} FTolA AFEd Tt T3 Ald] AAEFY 4H=E
2 Thalassiosira vulnifica (LAD: 2.15-2.19 Ma)®} Thalassiosira inura (LAD: 2.53-2.55 Ma)7}

220 cm i SHFOlA o] AbEe] Ho S9U4 HAEZRH FYE Aoz A4 (Fig.
11). &= ¥F-Y HAA = coldEH warmET Ab=o] F71ste] Ald A< WHeE YehgH
(deglacial), 772 T HoAM+= warmZ e At=o] Ajdow Frlsts Aoz Hol %

Y oA B 2337 23 50 al(interglacial), 71F 31 IV A= thA] Adid oz
coldEF 9] AF&o] F7lete] fx @ u It} 328 3H(glacial) 0SS YeERATH
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3. AP18-LC06 7% 2 137 &4

AP18-LC06 Fo] EHEZHE 50cm (FEOZ Z 6aro ARE AHst Z270AHLS AAT
A3, F 345 82F9 xUF AEFHN o 54 MAF 5571 1 AEAHE $F35A

X3 "ol

Chaetoceros resting spores®] =2 7 SFol A wl-¢ FF3HA Uelwnh A&l |y Hot
Al A ARE BX ASEE dotrT] siAE 5719 viewfieldE WS E AR Hx
Ao A= 1.2 ~ 5.9 X107/g o W= AMEo] =it

APISLCO6 FO|HAEBZHE 718 Zxai)
Thalassiosira antarctica (24.3%)°1™, F. linearis (7.3%),
(4.9%), Actinocyclus actinochilus (3.4%)¢} Odontella weissflogii (2.7%)%5°] AF&5 A THFig. 12).

2V&¥ T Fragilariopsis curta (22.2%)9}

Cocconeis  costata (5.8%), F. cylindrus

At AAFL ASHA Fokon, %9 4EE Deticulopsisol <43}
Age] 1270185 Uewth 54 d7LdA 3 FAdL Ao S ostd A 2
oj&= oF 4,252 yr BP (3197 cm) ©]F-o| ¥ &= S THTable 1).

rr

AolEe AANF=

Table 1. AP18-LC06%] Ath=4 3k

depth (cm) Age (yr BP) Standard Deviation
247 475 24
912 1357 33
1638 2185 62
2197 2730 21
2506 3261 53
2767 3541 43
3197 4252 60

API8-LCO6 A Ab&d tx9 2 A& #x&5 AvEd, 4 3 FE(Actnacyclus
actinochilus, Cocconeis costata, Eucampia antarctica var. recta, Fragilariopsis curta, F. cylindrus, F.
linearis, F. obliquecostata, Odontella weissflogii, Thalassicsira antarctica)®] t&o] A& 4 o2 e}
U S-S WrESt= A4S Blu. a8y, Corethron criophillume 300cm oA o
14 A gt

A& F. kerguelensis®] *F&o°] 601 cm, 800 cm, 900-1050 cm, 1801

Y3}y, Odontella weissflogii®] AFZo] 2450 cm-
A AbEEY 5ol vkt
cm, 2001 ecm7-3tell Al e TH(Fig. 13).

2% % Chaetoceros resting spores®t Ao 7| A= +
o A1 1200em stitol A ®HTh AHA s AS & 7 ATk

Chaetoceros RS+ 44+ Z3H9 A3}=Z spring blooms et &3}

372 JFow
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Ay om, JFdFe AP AL meltwatere] Yoyt T2 ASsloA 7|dHT
w2k x|, Chaetoceros resting spores®t 7+ AWl /A T=7F Add o=z FHS 1200 cns
ol eF7F ARy 2dedes & Avk(Fig. 14).

AT FolE= oF 4000 o]F o] FHAEAOoW Open waterE3d Sea-iceFo A& EIXE Hlu
3 A3} open waterE¥ sea-iceE 9] 4AFEo] AlEAH o2 YENYHA sea-iceF o] AFEo] A
Ao A yYehdthH(Fig. 15). weka F£3F seasonal open water?] Al7]7F A om 601
cm, 800 cm, 900-1050 cm, 1801 cm, 2001 cm -7t AX = F. kerguelensis®] 2F=o] Yely= A
o7 Hop mEgt vt FAHATES & ATh

buneh
rlo

Actmocycius Odontella

F.cylindrus,
4.9% =

Fig. 12. AP18-LC06 oA At=% A4 &< Hl-&
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A= s Z=A A7 E2A(S, 10000
-Holocene Climatic Optimum)$} 2l

1 7] (Neoglacial)oll t3t 7]% eventZ AHoldt= A7 AFH oz #3523 tH(Leventer et

al. 1996, Shevenell et al. 1996, Pudsey & Evans 2001, Taylor et al. 2001, Yoon et al. 2002,

Domack et al. 2003, 2005, Bentley et al. 2005, Pudsey et al. 2006).

w3k YA FEEZ a8 o A% climatic event®} little ice age®} late deglacial periodss = Al

FHow Aost HArg AHZTE7F =oF Atk (Domack et al. 2001, Sjunneskog & Taylor

2002, Taylor & Sjunneskog 2002, Brachfeld et al. 2002, Warner & Domack 2002)

G W] FEolA] B W% B3 ApHo® 12,000km” o]4ke] Ak M FHEe] s

dlHom, BAHA oot WHAR HEAEL ol &=

A 4
3 mHFe G £ dE SEG /108 ) 9% I¥ FHE dojus oW 4

3ol st bl Mt Qolupd AW BRAL St AR AAAG0] Y A
ZolA Fxa A Aol webd g BE BEe] 9t weddell Seadl o] FERATE Y

N2 A7 wokeA 7HE FHTols FAdAe, dAbAst B dmEA sk 22 24 Ve
Foteto] thefet 71ee] A&o] Ak Hi 9 th(Berges et al, 2022). ol & A4 HIH O
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w0l Y, 34, &35, 2001, = BAAFE Y HAEAA AEE AFERFol o
8 A9 A3 A, 17(2), 99-111.
el olFY §3Y, fdg, HEA, 2002, =HolAdY P Il EHHEA AEE A4
7] qtEskA AR AR aes] #|, 23(5), 442-453.
s, olFY, &35d, &3, 2003, HE =Holasyd SHA R AFIOEHAE
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cEE otz R AA s A, 43(1), 33-42
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Al 7] 715 Hs A A EEE] A, 43(3), 345-352.
Bl frd, olF Y, &3Y, 2009. H= BaladE S FoEAES uI FFR B4
A1 A8k 7], 45(1), 1-8.
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