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SUMMARY

[. Title

Research on the biostratigraphy and paleoenvironmental change using diatoms from

core sediments in the West Anartica

Il. 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

- Diatoms are key primary producers in the Antarctic marine ecosystem. They
respond sensitively to sea ice cover, nutrient supply, and water temperature,
providing valuable insights into climate change. Therefore, research on their species

composition provides the most reliable proxy for recording past warm periods.

- In line with this project’s objective to study West Antarctic Ice Sheet (WAIS)
retreat and ocean circulation changes during past warm periods, we will use diatom
research findings to reconstruct changes in the extent of the West Antarctic Ice

Sheet during past warm periods.



-Diatoms respond rapidly to environmental changes, serving as a warning system for
the Earth. Conducting diatom research is essential to uncovering past climatic
records in Antarctica, identifying the drivers of global warming, and aligning with
international research trends such as the development of environmental indicators

and climate change prediction.

IIl. Contents and Extent of R&D

During the research period, Phase 1, a three-year study, focused on the Crystal
Sound site (BS17-GC18), McMurdo Sound in the Ross Sea (RS19-GC09), and the
Joinville Islands area (AP18-LC06) in West Antarctica. Phase 2, a three-year study,
focused on the Crystal Sound site (BS17-GC18), the Getz 'A' Ice Shelf in the
Amundsen Sea (AM22-GC10B), and the Cape Adare area in the Ross Sea

(RS19-GC16). Diatom analyses from each core were conducted, as follows:

- Establishment of sedimentary chronology and biostratigraphy based on indicator
species
Establishment of biostratigraphic zones based on community analysis using diatom

occurrence distribution

Interpretation of changes in sedimentary environments based on environmental

indicator species

Biostratigraphic studies of the identified diatoms included occurrence patterns and
assemblage analysis. Quantitative analyses of the occurrence frequency and ecological
characteristics of each species were conducted to establish basic data.
Paleoenvironments were interpreted based on environmental indicator species such

as sea-ice species, open-water species, and Chaetoceros resting spores.

IV. R&D Results

@® BS17-GC18 (Crystal Sound)

Identified 61 species from 26 genera.



Established three Diatom Assemblage Zones (DAZs): DAZ 1 (660-839 cm), DAZ II
(311-660 cm), and DAZ III (10-311 cm).

Paleoenvironmental changes were interpreted by comparing occurrences of
Thalassiosira Antarctica (cold and warm types) and Eucampia Antarctica (var. recta

vs. var. Antarctica).

Result: Glacial — Deglacial — Interglacial conditions.

@® RS19-GCO9 (McMurdo Sound, Ross Sea)
Identified 57 species from 27 genera.

Established four DAZs: DAZ I (190-330 cm), DAZ II (130-190 cm), DAZ III (70-130
cm), and DAZ IV (0-70 cm).

By comparing the occurrence distributions of open-sea (TW) and sea-ice (TC)

species, four climatic shifts during the deposition of RS19-GC09 were identified.

Result: Heavy Sea-ice condition — Sea-ice>>open water — Sea-ice<<open water —

Sea-ice>>open water

@ AP18-LC06 (Joinville Islands)
Identified 82 species from 34 genera.
Established three DAZs: DAZ I (1050-3301 cm), and DAZ II (0-1050 cm)

Deposited approximately 4,000 years ago, comparing the occurrence distributions of

open-water and sea-ice species.

Result: warm interval — open sea.

@ AM22-GC10B (Getz ‘A’ Ice Shelf, Amundsen Sea)
Identified 50 species from 22 genera.

Established three DAZs: DAZ I (260-500 cm), DAZ II (160-260 cm), and DAZ III

(0-160 cm).
Identified three climatic shifts based on the distribution of sea ice/open water

_9_



species and magnetic susceptibility values.

Result: Subglacial environment — Glaciomarine environment — Open Marine

@ RS19-GC16 (Cape Adare, Ross Sea)
Identified 62 species from 25 genera.

Established four DAZs: DAZ 1 (350-408 cm), DAZ II (170-350 cm), DAZ III (110-170
cm), and DAZ IV (0-110 cm).

Based on open water species distribution, the environment fluctuated as follows:

Result: Seasonal Sea Ice < Open Water — Seasonal Sea Ice < Open Water —

Seasonal Sea Ice > Open Water — Seasonal Sea Ice < Open Water.

V. Application Plans of R&D Results

Over the last 30 years, research on Antarctic diatoms has been key to
reconstructing past climate change patterns. The records help pinpoint the timing of
ice sheet advance and retreat and changes in sea ice distribution. This data is vital
for understanding the global climate system and monitoring future environmental

changes

- Utilization for Next-Generation Paleo-Oceanographic Reconstruction and Model

Verification

The reconstructed sea ice distribution from past warm periods using diatom
assemblages can be used as core data to verify the accuracy of physical ice
sheet-ocean coupled models. Furthermore, diatom records from specific past
moments when the ice sheet began to retreat rapidly can be utilized to predict the
critical temperature threshold at which the West Antarctic Ice Sheet might collapse

under the current rate of global warming.
- Prediction of Sea-Level Fluctuations around the Korean Peninsula

Based on the information about ice sheet retreat periods provided by diatom
records in Antarctic sediments, this data can serve as foundational input when

establishing sea-level rise simulations for the Korean Peninsula's surrounding waters,

_’IO_



and furthermore, can be leveraged for establishing national-level coastal disaster

prevention strategies.
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5-(inner shelf)ell 12,000-12,700 cal yr BPe]dol+= €59o] A ttar A A8

S HojFH, o= " sgH A4S odF9 ;4 A7 ®h(Chandler et al., 2025).

wEbA, B oA G A d= %9 (Crystal Sound, McMurdo Sound, Joinville Islands, Getz ‘A’ Ice
Shelf¢} Cape Adare A 9)e] ZAd|e} olZAls] A FS 23 IAEHAES o=z Fx
st tE FTEA D 1AAME S Fotetn vy BAE Fete] IA 291 s A

%
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3-34d a7 A

=

1. BS17-GC18 7= =3 o R 2374 &4 (1x+23h)

A g A= A F A A FH s BS17-GCI18 o] HAE (66°44.2629 " S, 66°56.0963 "~ W,
water depth: 1218 m, length: 890 cm)ZF-E & 39719 A5 & AMASAT 25 T4 2
B F 26% 31Fol FAHACH, F2 Ao MAF FE W= 001 ~ 9.25 x107g9] W4
= A8 (Fig. 3). At=9 7% £ Fol A Thalassiosira antarctica’} 26.8% = 7} FX5-
SHAl A= E Qo ¢HlE = F O % Fragilariopsis kerguelensis 15.71%, Frafgilariopsis curta
9.3%, Eucampia antarctica var. recta 8.8%, Odontella weissflogii 3.2%7} 7Jtjx o2 o}
AHE = vk (Fig. 4).

Er—.
=

valve abundance

[ TEN NS TER  « L T & o ]

0 100 200 300 400 500 600 700 800 900
BS17-GC18

Fig. 3. BS17-GC18 4 At&d = /AT 5=

BS17-GC18-2

Thalassio sim F. kErguslensis ot iico var. O, weissfiogi T. grocilis
antarctica recta

Fig. 4. BS17-GC18° A 4t&=d ¢-A1F<] Hl&
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7} wj§- $¥3l Chaetoceros RS9 At&o] A2l glow (L. spp)el AEo] &
AF F. kerguelensis®th =/ HEph= Aoz Wol Ieed J&FE ol 2 glacialA] 7]l
&l g ¥ th(Fig. 6).

T2 - I 311~660 cm

TN ER T antarcia®l itEo] FHMAH, o] vl & ice~edgeF ] E. antarcica®t 3 &<
F. curta, F. lineata, F. ritscheri®] *t=% T3t} 28y AR M= E. antarctica var.
antarctica®) *t=, MAF 5% Chaetoceros RS2 2t=0o] A Z71st= HAEFS Helg.

g A, oAl 7= AEAA el dES Eo] Wi deglacialA] 712 A ZHE tH(Fig. 6).

(o3

% 30 I 10~311 cm
S}al F. curta, F. lineata, F. ritscheri (F. spp.)e] At&o] #A3shH,
Chaetoceros RS®| At&% Attt a8y Ald w59 AE2 ASHoR2 Srtste A

=
S Holg erE FEY = W 93-S A A ¥ open marine3Hd o] 1 tH(Fig. 6).
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2. RS19-GC09 & +3d ¢ 137 34

McMurdo Sound®l<toll A z}3 3k RS19-GC09x o] HAEZEE % A7E 93 10em 7+
Aoz F 34/ A5E E4S Ay F 274 5750 ZA A Fig. 7).

RS19-GCO9 Ocm RS19-GCO9 10cm

RS19-GCO09 20cm RS19-GCOS 30cm

RS19-GCO9 40cm RS19-GCO9 50cm

RS19-GCO09 60cm RSl9—GCO 70cm

Fig. 7. RS19-GC09 Zofol Al A7} 7b Exab AEH 77t SEH(0-70 cn) AHAL



AR Az dAd AASF F=7F 001 ~ 2875 x107/g WE yEyor(Fig. 8),
Fragilariopsis curta (32.3%), Thalassiosira antarctica (16.2%), Eucampia antarctica var.
recta (8.4%), F. obliquecostata (6.71%), F. sublineata (5.7%)7} Atz o2 A8HA &5 <)
H(Fig. 9). AFAYGelA Alols F=xet & F A= Stephanopxis turris= 180-200 cm,

Paralia sulcatax= 190 cm ©]3} ZFol A 4F=F )

[S%]
(=]

[
=

valve abundance
=
oo o

=

0 40 80 120 160 200 240 280 320 360
R519-GCO3

Fig. 8. RS19-GC09°ll A At&4 = 7HAlG 5=

R519-GCOS
35
30
25
20
is
10 I
s
F. curtn Tholessio sin E ontorcbosver. F obfquecostota P tumgiduloides F. sublinegte

Fig. 9. RS19-GC09°l A k=4 A2 v+

AEE gtz ] EX el wek vl A E AA S vH(Fig. 10).

TE 39 I 190-330cm

=Y
BN

o]
N4 571 of$ o Fro 2 0.01~0.32x10"/gol D E . E. antarctica var. recta
7F AdiA e

o] ¥l F. curta F. obliquecostata®t F. sublinearis® }EFFT}

2 wWol YA AA A AbE=Fo] v AY. A actinochilus®] 4FE©] A2}

T Y I 130-190cm
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TZE MAS FEE 311~13.25x107/gol slgd=Ed, &84 IoA By F718oh Focurta, F.
obliquecostata, F. sublinearis®} F. turgiduloides®] *‘=°] Z7}s}al, T. antarctica cold type

o] A& Z7)slkt). o) 9 Y Eo], Chaetoceros RSe At&% Z7}3kc)

& A O 70-130cm

T2 MAF TEE 1094~2243x107/gol sids™, 84 MolA 2ok F718ts 43S 2
t}. F. curta, F. obliquecostata, F. sublinearis®} F. turgiduloides®] 2‘Zo] k3t 7HA43sty, T

antarctica (cold type)?] At&& AU oA Ht} F53h),

xR IV 0-70cm
TE NAF FEE 16.32~2875x107/g= A7 7k AA 7 =& Frolty F kerguelensis
o] 2=l M =A YEYY | F ocurta® =0l WAl FUFSEaL A actinochilusSt  E.
antarctica var. recta®l ArE% S7tgth W MIAA FH&A UEtSY 70 antarctica
(cold type)9] &2 7t
Encanpia Chagocaos
Actinocyels  amtarctica Fragimiomis  F F E F.  ThalmsiosiraRhizosolemiz Festng Valve X107g
acinochils  var. recix curta abﬁrqrw&a.n‘ammbmm:rn furgidloides Imr;gwfwzrmuma.m siyliforme PSS
3 i

i3 I

i
§

depthi =)

1 1 1 L
TIF—I\\‘,’H‘_..._,.-"'_“—H-
| I |
=

T
ﬂ\”‘mﬂ*
“%/’\f/\/“ﬁ

I~

) 3
§ |
|

e
ot EFOPSN TN i votd RAAPW MAPPOE] Rt TR v B

Fig. 10. RS19-GC09ell A 4t=d qFx el o8 434

RS19-GC097 o] EAE FHAAL 317-330 cm T3Fl A+ olive gray mud, 251-317 cmoll A
+ muddy diamicton, 208-251 cmol|4]+= T}A] olive gray mud, 204-208 cm A gravelly sand,

197-204 cm ©| A= bioturbated mud, 180-197 cmell A biuish gray mud, 180 cm ©]Ae] F=ol
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A+ bioturbated diatom mudZ /%] ATt RS19-GCO9 Al AFEH &= Al AAFo ==
Proboscia barboi (LAD: 16-1.73 Ma), Thalassiosira vulnifica (LAD: 2.15-2.19 Ma),
Thalassiosira inura (LAD: 253-2.55 Ma)$} Denticulopsis lauta (LAD: 12.46-13.73 Ma)%G ©|
AEE oM (Cody et al, 2008), o] 52 A& 190 cmoldte] F<=oll A UEeERT LolA AF
H owkel o] 190 cem ©]3te] L muddy diamicton® gravelly sandZE+S X3Fsfo] Ak
Ao ® gray mud® TAEo] QL ol2d EHAEAY tx &S moFsit

AW T (330-190 ecm)oll A Al XAl F9] tiFFo] A& H a1 glom, o549 A]7]7} Miocene

o A Pleistocene°l siF5 = Aoz AFAge] HA A7|E WHgsts Aoz = 5 gioh 9

sk, o] Al7l= grEe] AbEo] Wi A, diAEMS)Fel =A UEuE Ao ® Hol it
Aikrgo]l vrow A S E k= grounded iceZFH S HAEEC FaE oz Holn A
o4 B ER MY Zlor AZdr. E A B WigiE S Ao FHAE Fo
ice-rafted debris®l 28] U= i= (Melis et al, 2021) Paralia sulcata®l 2t&o] FH3stA
Bl it} Marian Cove#] 9ol A= glacier®] $HE A A|st= Aoz d#x Jo (Ha et al,

2019), Zto] Tdtste] ®WE A B FEo] 8o]str] wjiZol Ross Seadl A+ #|37]A] 52
2 FBE AolE FHASS A A= rHSjunneskog and Scherer, 2005). wWebA, Al AAFE
= Aols HAGol FAsH, o8t Hzol o]A7]dl FHF(TW)H Y F(TC)Y 4=, T+
TR2(TOOR 1tz WAl s=7F wis 97] ol Zfd Io] H2d FA d7A 0]
grounded ice sheet®} 3] T4 d5o=2 99 Add Aol =S YeEbATH(Fig. 11).
W I (190-130 cm)oll A= HAFE(MS) ghol AA 8] FAastal, F/H718d4AFH(TOC)] S7t
sh7] AlAetth gtz FElE(TW)H iy E(TCO)9 &Y & MASF s=7t S7hsks 4
& woln, ojgfg Holets LW IdA Yeud Wet 4 A  Ice melt7b Fkd AE
Al e Ao r Wt stes WERAT B3 oA 7| AEEHT] A AStE P inermist
wsestal MG Fel 9 (Stickley et al. 20052 Ald A<l sl o] (Maddison et al. 2006)<}
PAR Folv. whebA, ofA7]= wEg b el He ARAY fREFo® et
(Fig. 11).

=

f

N

Terra Nova BayA 9olAdE 7-121 ka Alolo] deglaciation©] Qojykthal A ¢ty ) on
(Baroni and Orombelli, 1991; 1994), ®Ato] 6-7 kaol| A9 A= THFvta B Yot
(Thomas and Bentley, 1978; Denton et al., 1989; Licht et al., 1996).

Amundsen?} Wilkes Land*] 9o #*¥3}% grounding line 2 M7} AlZE FHRE 24
ZFkA 9k (Hillenbrand et al., 2013; Mackintosh et al., 2014), Ross Seadll A& W3dte] FE 7}
AEE+= Aoz Hol 86 cal. Kyr B.P.Ael Ross Island T+*9l A4 * S 2 % open marine2]
Z77F Jdetgtt (Mckay et al, 2015)1 X aEo] vk weld, +H-W 109 Az Al7]=
Mckay 5(2015)° oJ& A5-A et divs] & 5 Aok 2, A& HHAI7]E &7] 930
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= AdUSAe A A7 FAEoloF P
ol II (130-70 em) ol A= tHARE #H(MS)7F o) el A Ho} o5 oz fHAshe AdFa
HolH, & F7192F(TOC)=FY F7tets A4S Btk siHF(TO)9 =Ee] A

Holi, F. turgiduloides®] A‘Z
AbZEol Frhekth. whebA, o) Mol A
domA R (Sea-ice) o2 Y3l A HT ¥ (open water)$H3 e A& 7|kl ¢ X1 Ao=
et (Fig. 11).

LA IV (70-0 ecm)oll A= thAb&(MS)gro]l -2 445 o ket Ads Kol F
F71F A (TOO)FE2 - IISE BI2shARE thAbg o w7 = AFol A mekdh S7HE
Al S F] A= A HIelA Bk S7hstel g [IeF Bls=shAl Yy, o9
i E FalEe] B¢ W MolA ®Bu Zastel o ok vlszshAl debu Aol
M ot FAagt gz Al AATE AR JPE =2 Fitelth webA, oAV =
LAY A7 2ok o D32 3 o|&S YERAtHFig. 11).

ARH AYBFOoR WE ¢ F, F o oUW B

1) RS19-GC099] A+t Ayfe r=A|F+atstelA] 46(2)=0 Ldrd.
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3. AP18-LC06 = ¥ 137 34

AP18-LC06 o] HAZERHE 50cm (HHoR F 64702 A8E AFs TEHS AT
A3, F 345 8% rxF AAEHde xe AAF sRTF i s EHe GEEHA
Zgk Aol
Chaetoceros resting spores®] At&2 7F SFoA wl$ FHSHA YEIST. A&l UF ©
obA A AbE: BE WstE dolr ] A= 5719 viewfieldE Yo E AFAs A it x
Ao A= 12 ~ 59 x107/g o W= AEe] Hth(Fig. 12).

APIS-LC06 ZAHAEZHY 71 FHsHA AE® &2 Fragilariopsis curta (22.2%)%}F

Thalassiosira antarctica (24.3%)°1™, F. linearis (7.3%), Cocconeis costata (5.8%), F.
cvlindrus (4.9%), Actinocyclus actinochilus (3.4%)9} Odontella weissflogii (2.7%)% ©] At& 5
A HFig. 13).

v

=

It A FS AEE R Fgom Aolss AAFT= 129 =% Deticulopsisdl &8
AEo] 1214 % YEtsth 54 dF40A 35t sU4h Ad Sk Jsid d4 =
o= 9F 4252 yr BP (3197 cm) ©] %o E A=At (Table 1).

valve abundance
s [ s F=N wn o |

0 400 800 1200 1600 2000 2400 2800 3200 3600
AP18-LC06

Fig. 12. AP18-LCO6°lIA =8 tx WA+ 5=

AP18-LCO6

20

15

10

5 | I

o B B

F. curta Thalassiosira F. linearis ~  Cocconeis F. cylindrus Actinocycius
antarctica costata actinochilus

Fig. 13. AP18-LCO6°I A At&E% -AMF<9 v &
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Table 1. AP18-LC062] dAth=

VA

=] Zx

o

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-LCO6oI A &% Fx9 & A% EyxE Agwwd 7zt 3 F5(Actinocyclus

actinochilus, Cocconeis costata, Eucampia antarctica var. recta, Fragilariopsis curta, F.

cvlindrus, F. linearis, F. obliquecostata, Odontella weissflogii, Thalassiosira antarctica)®]

o] AEHom yeuy S-S whEsts 43S B o W T (1050-3301 cm)oll A
= THFEC] FHIA dEHUH tx fAg wEd= 2 Wsb gl qfx W 1

(0-1050 ecm)ell M &= F o) Il A oF w7t A2 F3HFS0] Aol 53] yveiva, saEd

F. kergulensis7} 7tZ&% 7] A ZFelt}. ol Chaetoceros RS7F &0157] A& sts A7 2 &4

3| gt o] ¥ o gkoh(Fig. 14, 15).
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Fig. 14. AP18-LC0O6°IA 2t=% = a+Hol 9t A3A
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2E¥ Chaetoceros resting spores¢t Ao /A7 sx9 4t& E¥X & vlus)] HA
BEFolA 1200cm & VIl Z SlFOA Hup AARAA TASeE AS & 5tk
Chaetoceros RS¥= A ¥d7F A¥ A= spring bloomst FH3HA AtEo] H&E o=

g A oy, JFdT 2

A2 ADe meltwatere] FHoltt Fao] AFstol A 7lent
w2k A Chaetoceros resting spores®t 7% AWl /MAF T=7F Fdd oz F5H3 1050 cns
=9 7 AR EY 245 SS 4 5 At (Fig. 14, 15).

AT Aol oF 4000 o] Foll HAHAoW FaFI HWEFL AFo] AEHHSE UEY
) i-of] =3k seasonal open watere] Al717F Ao, 601 cm, 800 cm, 900-1050 cm, 1801
cm, 2001 cm-7boll A= F. kerguelensis®] 2t=o] YElUY= Ao 2 Hol wpEEdtk 47 79
HASS & 4 Avk(Fig. 14, 15).

MS T0C Opal(%) Chaetoceros RS Grammatophora spp.
i oW S 000 800 1200 1600 1 2 3

Open sea

‘Warm interval

Fig. 15. AP18-LC06 o] 24 ¥
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4. AM22-GC10B & % 1387 34

AM22-GC10Be] 2zt o 25H F 3179 85 248 43 F 22% 5054 1+x7F 54
HRom, g oo ARz FF NAGF F=7F 05~83 x107/g HWAE YEFSTHFig. 16).
MEE xR FHOA M gsEow EW FL Fragilariopsis curta (342 %)°|H,
Fucampia antarctica var. recta (184 %), Shionodiscus gracilis (4.5 %), Fragilariopsis
ritscheri (4.4 %), Fragilariopsis vanheurckii (4 %)C 2 &% A1 Y x| £E59 &

2 g Ha BE JHrF 2389 oH(Fig. 17).

Lo N < R = = S = -]

valve abundance

=1

0 50 100 150 200 250 300 350 400 450 500
AM22-GC108

Fig. 16. AM22-GC10Bol A AH&8 512 AAF 5%

AM22-GC10B

D
25
20
15
10
5
. | | = =]
-

Frogilariopsis E. ontorctica T. grocilis F_ritscheri F. limearis F.
curta vor. recta obliguecostotg

Fig. 17. AM22-GC10Bel A 4t=E% $-AME< H&

AT o] AM22-GCIOBREF-E 2b&d F82
3t (Fig. 18).

o\

XE AR MY SHHUE AA

e
e

g9 A

TR I 260~500 cm
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F.

A

Fragilariopsis obliquecostata,
A

vanheurckii,
Stellarima microtria®

F.

ol
=

FRroeA ftae A

curta,

1
e

A

[e3]

)

O 2 X Fragilariopsis kerguelensis, Odontella weissflogii®
3ol tH(Fig. 18). 3iH & 9]

1
o

A e

=

o] II: 160~260 cm

]

£

e
qow

ritscheri, Fragilariopsis turgiduloides
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Al ek "AN Z=IR(I0DP) 3742 "HAM = ZAE e fuiSseolA a4 kA 570

AF AR 9E R £ e AF 49S FPsAh

7] F= ek Hdl Z AISE A daed ME V5SS dAATIL e ZE5A] HIW e

of AN IARE tEF ZEA A7t oFolAm FEA F7 7% e
(Mid-Holocene Climatic Optimum)$} A% 7] (Neoglacial)2] 715 ®3}o] ot A7} 3= 3
t}(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).

O yolbZbA = HAE W %9 DNAS 48t dAvdS S8 Jdusts &7 vele s
Agtste] nsjd= e v dHelHE gree s Az A7 WHEe] Alx Ha v

(Armbrecht et al., 2022)
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