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High-resolution analytical study of the Holocene-deglacial
sediments in the Antarctic Ocean
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Title

- High-resolution analytical study of the Holcoene-deglacial sediments in the
Antarctic Ocean

Purpose and Necessity of R&D

- To analyze the diverse paleoceanographic indicators from the core
sediments of the Central Basin in the Ross Sea

Contents and Extent of R&D

- To analyze the diverse paleoceanographic indicators from the core
sediments of the Central Basin in the Ross Sea

- To obtain the gravity core KI-13-C2 in the Central Basin of the Ross Sea
- To conduct the soft X-ray radiography of core KI-13-C2

- To analyze the paleoceanographic indicators (biogenic opal, carbonate,
organic carbon) of the core KI-13-C2

- To reconstruct the Holocene-deglacial environmental change in the Central
Basin of the Ross Sea



IV. R&D Results

- The growth and retreat of the East Antarctic Ice Sheet seems to be
recorded by the changes of biogenic opal and total organic carbon contents
of the sediments.

- The growth of the East Antarctic Ice Sheet prohibits the sunligh
penentration and reduces the nutrients and trace elements, resulting in the
decrease of surface water productivity.

- Increase of carbonate content in the upper 12 ~ 55 cm may be due to
the biogenic carbonate because of the occurrence of foraminifera.

- High total organic carbon content in the uppermost 0 ~ 31 cm indicates
the Holocene warming.

V. Application Plans of R&D Results

- To obtain the international-level database and establish the research gaulity
through the international journal

- To prepare for the industrial database by providing the preliminary data
for the climate change response
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M1 & M2

sz Al 19417] ol & shA AR ARE S XSS QbS] ol 7]9lgk o] ibsterAel |
Bl 28 2AVAY wE TR et X5 diFdd Y] 227 dsekeE AT ed
3l Fadh 7|3asE FAR uvEEn JuHIPCC, 2013). A Fddts Welel e M-S
a7 a8 ol2 I dlgd g dod|v] ", oy A fAdE Etsta
LATNAe TEE NEHoE =718 Aow dAHETHIPCC, 2013). W9l WA (cyrosphere)
2 AAFAR &Rt M MAFsHA jESshE A9 E T & ReR HAAFAQ dgH
Wst, skt 4 FF, A A, il =(albedo) shot A E o] dAuje] 7§ Al ~Hlo|
A Mg Fagt 988 wdsrt

2> B A5 s Y dure AF A WHEE of7| A 71 (Ebert et al., 1995), A&
Qo] Arlo =g <l W2 (brine ejection)¥} EH-o]& <t dWlo] moHA A H= H

[e]

e A W=
(freshwater)®] T3 & 3 A5 FAHol FL/A 2&at] AAT4 49 =83} 7|+0
3loll 3 g v FHH(Foldvik and Gammelsrod, 1998; Keeling and Stephens, 2001; Shin et
al., 2003). &l A} AH(primary production)®} %< A X (export production)o] = QS F

= AeR dHA Sl FHE 257 ey A ¥ HExe o = 24

7] Wil oleek W 2L SR dFe wEr FAL N AT TR FAsE
FHE Adgdoryn FHAEY AHES Welsky] wol o] &S AVlde 259 A
2Hdol fraro] Az FAste A FH2% AA #FE U (Abelmann and Gersonde,

1991, Wefer and Fischer, 1991).

kel AESY A AAA S Ak kel Al 93 W X thH(Hillenbrand
and Futterer, 2000). 774992 sl AlNA Fost JFd ez fFZ(diatom), 72 HAEZF

(silicoflagellate), *WAFE(radiolarian), 355 (sponge) =52 ¥ zt3} W Ao AlgHT)
Wekel A7k 25 FHAAE gzl o g AL wtol S AEAEY] dEvd
AEL T2 72 AEEHdaEo=2 7450 dkeg, Goodell, 1973). 774 = F4€ A
Y EAEL 45 Yol BE7]Y 2 (biogenic opal)e] FEH =2 EA43Y, T= 9
S %] A] 3} (Hillenbran et al., 2001).

S

71E ATEel ostd AAA AE7IY Ak 2] 37% ool W gelA dojdtin R
= H(Ragueneau et al., 2000). o] AL 7]59 o]itsterAh FErl d ke o]ibstERA
o vkl U s Aol ke A& AAFSSH(Kumar et al, 1995; Fancois et al., 1997,
Elderfield and Rickaby, 2000). Takahashi et al. (2002)2 F$ 50% o]de] XA FHlek
of ojaf AAH= olibstetATt A dffo]l AAskE olAbsterAe] 20% o]lE AA| g

s Wy) & olAsEas] BE Was A7e 71 Astsl e Wy o) glo

AR~

_—



W ey e 7]l T oliE e FUF fasta Y] Eoke ST dEA Q)

t}(Petit et al.,, 1999).

Bat7] st d7] & olatstes w=v Had AL WY
A= A7 dFeltt, AEEA HZ(biological pump)¥ &
F olavast A5 FrRast folRsn AdHl

ol A ABESHE Hzo] & WiskeE Welr| -7l wE 7] & ol4bstE
Aol gdoz AriHo £rh(Knox and McElroy, 1984; Sarmiento and Toggweiler,
1984). THBE e nAMEE AT AATA B3 WS ddste Ae A7

ol 71 Alz=dg olsaty] g8 il Fasi.



H 2 & =Ue 7[s7iE o

HIZ7HA, oA wiA W Feto] ~EA A Z2AM7EA] nejdEe] 7] F3HA HolH &=
A2l g3t} Shevenell et al.(1996)2] Aol A Hojx ulsdt A]7]7F Mid-Holocene &9t 2
M7 Q&S g om oF 8000 cal yr BP ¢ ¢F 300075000 cal yr BPE #& At} o] sk 3
A& TH7IHA(TOO)#SY F7He 2A= & Folv, TOCY F7he= A& &5 F71&
ol sy, ol ojnp= wEES il e i JFgow Qe AU Aoltl Leventer et
al. (1996)= Palmer Deep? EHZ FoloA] thfat 22 214351901 3700 “Cyr(1300yr
corrected) A7} A1 2] 7|2 2 & mid Holocene climate optimum(2F 2500 cal yr BP)9] FR A 7]
¢} Little Ice AgeE B8 Wl Leventer et al.(1996)° A T+, 3%, A%, A& F
71 S stlem, o)lF F3 200300 W F7]¢] V|+REE WUt ole HYdEsd 2&

A X F-A Q1 forcing®l ¢l&] oF71® o= AZEHLeventer et al. 1996).

Palmer Deep A 3¥ ODP Site 1098 & = Levanter et al.(1996)] 23] Fd = o,
ZEA 715EL 13180 cal yr BP 7449 A7 5S& HRIvth Ishman & Sperling (2002)+=
T2 HolHE EAsld oy, o] =il &4 -52H9000 3700 cal yr BP) Wl H52 43
T Ao Jdv uFe FHUt FE TESAAN dAE SFRFHe AFF7E $A g
Shevenshev & Kennett (2002)°l 4= vt A5 39 ¥AstE #EsYT, 28y 21582
aEe] WstdlE d9Txe AuAZE obd ubgke] At ek wistz AZbgth. Taylor
& Sjunneskog (2002)0l A+ TR S AW S o]&3slo] Palmer Deep FololA oAl 7l
o frEwRE TEstR e, Zhzte] RS SRR 7F4Gel A vERd T ol g ko
HlAl 7| = dizxbge Wstel dds] A skA " (Domack et al, 2001), Neoglacial(4400 vs
3000 cal yr BP)o] A|ZA717F okzb w27 yednh F ogfx 5% HolHE <&t
SJunneskog & Taylor (2002)o14 F32-A]7]7F 6000014 5000 cal yr BPol YElstcta A s}
%9 tF. Domack et al.(2003)2 Palmer Deepoll 4 9] T A x}32} Shevenell et al.(1996)8] 74
=2 Mg=dE9 Andvord Bayel thE Fol xRz 9l vluwste] Hdaute X 9o A Little Ice
Age, Neoglacial, Mid Holocene climate optimum 23S 4F3F¢9ch. E3F Domack et
al.(2003)el A F=wte dAfe] 244G oo #HE HAE ZTFHAI= AW 12008 sk &
Z Wzt oy A
Wk W=F A Mid-Holocene climate optimum<] thekdk Al71¢] @919 Taylor &
Sjunneskog(2002)o A} z& <+ it}

l

o, ©

2 e

0

O

02 A5 Holocene 1 (floating ice shelves)e] P Xol S 3t Pudsey &
Evans(2001)3} &+ Pudsey et al.(2006)2] =%foA WEE A E(IRD)2] 79X ®3lo]| ufs)
A sz, 7| 9x1e] WetE 538 Prince Gustav Ice Shelf 9 Larsen A Ice Shelf 50| <F

50002000 “C yrBPE<F AlglA o1 o)== mid holocene climate optimum %@kl ]38t ¥-$-&
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ZAolt}. Bartely et al.(2005)2 tH54 S5 (epishelf lake)oll A & 53 + 719
George Vi Ice Shelf 7} %7] &2 A<l 959594 7945 cal yr BP &
F . " Domack et al.(2005)°] ¢]s}W Larsen B Ice Shelf &+ 245
ojlZ|gt BT FH HEo(H FAY) WEol HAAEL JojA
(Larsen A 9} Prince Gustav Ice Shelf Hrt} Atz o=w) uba, 2002 3¢€d @
Larsen B Ice Shelf® &3+ Z2A5 HEgld AF-2ddo] g o= Azdr
(Domack et al. 2005).
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A9 Wale] HEe A A AT R d FFH o #AEE T ooy Ao o)
T @ Sl 4F¥s T e e X9 Wste AARFE Ao o] 2|7t 7] F A
2do] 7Hg 7 dEdS vH = HFEol(Reinardya et al., 2015). ¥ = (Antarctica)®] W3l

— = (e}
W= ke (Transantarctic Mountains) & 7|22 5@ = ®WAH(East Antarctic Ice Sheet:
EAIS)¥} A= HAH(West Antarctic Ice Sheet: WAIS)o. 2 -t}

A= WAde] A9 AR slearg ofelol Y Rshe wrddl =t WA Ag sl
B} 2 2o fIA et vk =S T WS Ads WA vl @A o A7) witol
A= ARG d7Iv s e ®istel d wizkeitta 4 A dvH(Gohl, 2013). HZ A
A 7A 2dske] kel ofs) M= WA AS Furt FolEa ool wek oF 5 me| &F
W 4SS 7HA $HOppenheimer, 1998). aFA %, 5= WA A% EHANA S Wt 57 0]
Wele] &= Qg Hy HAET Wol 2 ol Frtste] A AAA sFA sl 7oA
o i &4 A i (Reinardya et al., 2015).

223 (Ross Sea)v= w5 A¢ sld= FolA sl en 7P Wo] 7" Agely 25

o A o] JH = I E F dvbo]th(Orsi, 2009; Arrigo et al., 1998). T = WA A F

oF A= WA AT g 2o EA6ta ey, F 4] (Central Basin)& 23] 9]

& Hio fAst wdE=s WY dFs Bol we dow oduA v T A A9
4

22 o] dap AL S wek BHE FSEe7] A Aske] =2 EolA oS (149 T 19) AL
olo HujAlol] o]E=w ZF&H HATVF Hrh I 23 Ao da A Wl G
S vRE QoERE F2oA H3EE WY 9%(rradiance), AU¥d A, v F(trace

% (e} =
metals) 5°] At B aFE v} A H(Smith, 2000).

HAE Yo F7)e4(Total Organic Carbon: TOC) & 29 Az AAAS Y=
A F2A AgdAhMiller et al, 1979). 2% e A=71¢9 2 Z(Biogenic Opal) 3% %A
ES9 gr&x(diatom) BAME WS 2 A S T A ALY diF RS AHA e

3, FHeke gale B A4l (Carbonate Compensation Depth: CCD)o] ol ERabdo] 2+ x
TE A Z7] witol T ke *@’\} < Ageked {88 /\FQLQ T dH(DeMaster et al.,
1992). 7F& AL 335 Y e E #gdstr] v, 228 T4 24 A9 dF

-

2
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AR B4 w47 B, Al 47 F/9 BYI PY Sl #E ARE AF T
1% Aow AZAL wEkA, X Aol dE 2as) Mole) F% EXolq dojQ ol HA
oA AR 08, WY, FH718: FFS BAstel £F YAY WaE BT
2 A, AFA Y

228e %9 "W ED ol H=(Vitoria Land)9t A% 2] vlg] W= @WH=(Marie Byrd Land) A}
| 1A B s WA dRe s WA dFUF SAFH. Bl A

2 321, WES(Ice Shelf Water: ISW), 119 %

H% 9 (High Salinity Shelf Water) so] 54 & o|t}t. Aldol| wel W E(Polyna)7t 3735 7]
stu, S S ofolA Arbdo] 7HE w2 5 F shufolr) gk gl A A F

= A Z%(Bottom Water: BW)E A A jHoz2 FFHE WA =4 (Antarctic Bottom

Water: AABW)2] & F# & 21X s (Orsia, 1999).

23 35 (Ross Sea Gyre)7} A Agako

LS =

E
¥H9 ) (semi-closed) B o) 1, vkA % H o) WEA) BHE BT Yol BFOR F95 WA
4ol 45l wEolArHAY 1. 957452 Pennell Iselin 5 (Bank)el 5% 29

BT o] A e At Y] 9 Skt Relr] W dAass Ade Rdva 4EA

tHCeccaroni et al., 1998).

34, AE U A7
3.1 #o} KI-13-C2

%= Zo] 241 me F¥ o} KI-13-C2& 20139 29 &|d¥Al ANAO3B7F of2t2(IBRV
KOPRI Korea)oll 98] W= ZadolA 4% 71°524758° S, 177°48.0854° W, 4 1797 m
ol AlFEHQATE I Fol KI-13-C2& m$¢ el gkt 34 M =(gray mud)$l #o]
SAdoltt. AAE Fote Fxa|FHred FA FAATA(KOPRDO H¥tstar, ojge] o}

Stk A

A9 ¥ARE FAAE ¥ 2usegn,

_13_
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32 AE7Y o g 24

AE7Y o T BAL ok 9 om rAo® E 121709 F7rel A Mortlock and Froelich
(1989)¢} Miiller and Schneider (1993)e] WHS JjAsE FA <2k AL FE5H
A
=

T=E g
(wet-alkaline sequential extraction)= ©]&38lo] AAsA L}t 15 7 20 mge] EEAEE 50 ml
AR FHo 932 1 N NaOH & 30 mlE

7F &, 8°CE AAE 3 FZX(shaking
bath)oll ¥t} 2, 3, 4, 5 A7 A3 & 2k A 87} AAEEE FRA 100 nl 4L v

H (pipette) = FZ3te] 0.1 N HCI 2 mI7} £+ 10 ml vlo]&o] F=L3skc}, o] 34 L v}
2% ZF o]l I = (pipette) S o] -&3to] IR F =7 H o] E(ammonium molybdate)E 2

o

A

pAav

Y

r\r r1n
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ml H7F & A83] 158 A & 7z nlo] Lo 0}5“ ™= (metol sulfite), <24k (oxalic acid),
Sk (sulfuric acid), /75 47 5:3:3:149 H &2 sk A kS HIIste] 7 AR5 WAl A|
Atk dafo] R H= 9 F 4AIE o] FollA EFG 24417 Mol BAo] gRH 4 ARE
24 7] (spectrophotometer: Model biocrom Libra S22)& o] &3&te] 812 nm I} ol A
ZAsA 7k AR HE 4" FREE ol &dte] A1 A(Sibio)o] TFES FA 8
429t % (opa)® HIQl 245 wsto] A&7 2 F(opal) S T-5FUATH

o FE
2 ok
= A\

)

Biogenic Opal (%) = Si (%) x 24

33 TEA TEA P 24
=% (Total Carbon: TC)9} &2 4 (Total Nitrogen: TN) gtk ¢k 2 cm 74 o2 & 12170
o] F7bolA] CHN ¥YAE247](Flash 2000 Elemental Analyzer)E o]-&3lo] A3ttt 24

of o] gH HEHA R & 510 mgolt}h o] ZAA oxHYE £ 0.1%°]t}.

34 TH71¥kAa 2 CaCOs & 4]

ZT 5718k A&(Total  Inorganic  Carbon: @ TIC)  g&e Frets BEAZ)(UIC  CO»

Coulometer:ModelCM5014) 2 o] &3&lo] °F 2 em FASRE F 121709 F7tel A S48}

zZt AR FU18A 241719 AbA e EEelA 14} whgste]l ARl £3HE BAb o] &

2 oJAbstetAE WA T o)u MAlgl o] AbstRtAE HEEA AR olFdte] X A& o]

ghrel R ghE- gl (monoethanolamine)oll A &2 02 F4Eo] M) X AzHE E A A ]9

wg} A A o] 7h53 Ak hydroxyethylcarbamic)S A gttt ol& 23 F40]&% % (pH) ¥
.

= AAER e AgHEtE yehgA S o= FAE V] s FHE(%T)IE AEdrh

> ©

ool

_

Figo] Fr7hgel et AAso® dFUE dAste d7E SAANA AdE S FEAF
o= golo] Mo o] FEMNOR Folrta HAAo] Fun WA MFHFOE AR F7]
B e yEebt o] #4eA F57] ®A(Total Inorganic Carbon)9 2 E =+
0.1% o]t} CaCOsst#2 dojzl FHF-7]8k4(Total Inorganic Carbon:TIC) &3S nlyt o= g
&9} CaCOse] 91414 83332 w3l -l

35 Jeba g 24

Z 71§t (Total Organic Carbon: TOC) $Hd FEA FHfolA FH7|84 s W gro
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= e

TOC (%) = TC (%) - TIC (%)

3.6 C/N gz #4
CHN 912 BA4712 78 247184 %3 242 %< Ui 7oz e,

C/N = TOC/TN

Fop KI-13-C29] HE7|Y o &3 10.1%9 Ht#e Holy, 36%0A 17.6% Alo]ol A
HEsle Ao s Uehyth Fole a9l 174 cm T 241 ecm 7-7Fe o] 9.2%E wrgkon,
90 ecm ~ 174 cm T3Fe] A9 i 129%E SFETztel HlE AdA R =L 7HS U
th FZobe] AH<d 0 em T 90 cm %%94 AS Hat 81% = AUdFow e e Yt
(29 2a).

ol KI-13-C29 ¥t sHS 042 %olA 1046 % AbololA ®&stH, FiS 068 %=

o Zte Bt FEE S A 0 ecmolA 11 em A= Ht gk 068 %o o
W 12 cmoll A 55 em@ A9 585 %®E = F-7to] vl n$ =L ke Bl 56 cmolA
241 cm oA+ 0.68 %2 ThA| w2 glo] A ¥+ 5EAAE HA(H 2b).

ol KI-13-C29 Ff718t4 e 0%0lA 2.43% Alolol A W xasly, B 0.33%o = AW
Moz g vk AE 0 ecm T 31 em FEolA HUlgk 2.44%, Hit 1.39%9] ¥ kol
AA o= Ve Ee o] AR FIHe AL s 73k FdES oF 0.16%9 W F
YER A T oF 90 em T 174 cm ARl Zroll A it oF 027%9 #*E 7FA -7F 31 em T 90
cm, 174 cm ~ 241 cm@] Hit ZHzF oF 0.08%, 0.10% Rt} ¥ AL HolFa YAt
2c).

ol KI-13-C2¢] C/N & Hvto] 10582 % YetY L o, AH 0 ecm ~ 55 em -1l A

[e]
it 1467, Hugt 28212 Wl 2 ge Hole Zo] FAAoR ey Ut (2H
2d).

_16_



(d)CIN
5 10 15 20 25 30

(c) TOC (%)
0.0 0.5 1.0 15 20 25

(b) CaCo, (%)

(a) Opal (%)
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a7 2. KI-13-C29] Ag}she4 (a) A&7

A = wslh, (d) CO/N g

E2

5 4.

oA AEVY

=0

—

An

H

48 Aerld &

=
=

ol A

Z ol tH(DeMaster et al., 1992). wp&bA o} KI- 13 C2¢] EH A

ki3

94

!

S o ARl Al Fage o dAA

-2 174 em ~ 241 emoll A

S

o] oo

7HA =

ey

o
How Lo g

1A S

T-Zkol HE

=]
-

3

-
T

o} 90 cm T 174 em F-7Foll A

PN
T 3

Ao mop A

4

&

m Ak o] wropx|ar

wo] tha

3t
=

Sl 0cm T 90 cm TFRHIAE o

ol

R

B

o

o

o

Ul
of

Gl

o} KI-13-C29

dH A Ak

o
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sl dA

S

T-7tel H]

=

4 stk ¥R, 90 em T 174 cme] F57)

S 174 ecm ~ 241 cmé]

AR 0 ecm T 31 em Alolol At}
[e)

T
Bolal gt ot

R

olp
R

A

%

ZO
et

H.o]A]

e}

=

[e)

T

el

o] A% 0cm T 31 cmolA =
1

o] 0.30% <1 Al H3] 0 cm ~ 31 cmolA o 2.44%, H

Tt

3
T 18.33¢]

x|

8

i

[€)

Frleae) A5 AA
1.39%¢ & A

y o

g g4 9ok weEa

Fo} KI-13-C20 A A& 7]
il
i

—

A

2

ZO

HA Atk 0 em T 31 cme] HHEo] H

o}
=

=

go] griH o

He Ao

1

H
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o

—_
fife)

A7) 2

&

AHHCoxall et al., 2005).

==
T

Gl kol A CaCOs7} 2 HFo] HA &=vtn 434 ArH(Anderson et al, 2014). 1&1} 12

of efsl A

E

ﬁo

[e]
R

F7kel N 7kel

o]

cm T~ 55 cm FRrel A=

Holx

[e]

e

Ha vk wEkA & CaCOs &

[e)

T

z =
A

gl
upeba sob KI-13-C29 174 cm ~ 241 cm®] #

14.10, o 28.21= H|iL

)-

=]
=
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,w‘O
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-
e

akol b
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Antarctica and Climate

Antarctica and the Southern Ocean are critically important parts of the Earth system.
The climate and physical and biological properties of the continent and the surrounding
ocean are closely coupled to other parts of the global environment by the ocean and
the atmosphere. For example, the Antarctic ozone hole was one of the most significant
scientific discoveries of the last century. For the last 30 years the ozone hole has
shielded the bulk of Antarctica from some of the effects of global warming.
Nevertheless, the Southern Ocean i1s warming and the ecosystems are responding.
There has been a rapid expansion of plant communities across the Antarctic Peninsula.
Parts of Antarctica are losing ice at a rapid rate and palaeoclimate studies in
Antarctica show the current changes in global climate are unusual. If greenhouse gas
concentrations were to double over the next century, Antarctica is expected to warm
by as much as 3°C. Although new data are being collected and analyzed on an almost
daily basis, major gaps in knowledge remain and additional instrumental data gathering
1s needed to improve models. Antarctic and global climate will remain areas of interest
for the foreseeable future and continue to be a major component of SCAR science.
Understanding of the dynamics of polar climate systems is rudimentary at best and a

lack of fundamental knowledge limits predictions of future change with confidence.
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Much remains to be done to produce a truly integrated view of the planet’s climate
system and the role of Antarctica in it. SCAR programmes will continue to address

these issues for the foreseeable future.

A detailed understanding of past climate is essential for a more complete understanding
of climate wvariability and the forces that control future change and responses to
change. As the continent most remote from direct human influence, Antarctica is an
ideal location to study local-to—global scale climate change. There is no other approach
or experiment that can provide perspectives across a range of time scales other than
deciphering past climate change through proxies archived in ice and sedimentary
records. Records on timescales of thousands, hundreds of thousands, or millions of
years stored in Antarctica have yet to be retrieved and analyzed. To fill gaps in
records of past climate, retrieval of ice and sedimentary records continues to be a high
priority. Major objectives for the geosciences community are to obtain geological
records of past Antarctic ice sheet dynamics and integration of this knowledge into
coupled ice sheet-climate models. Improved models are critical to constrain and improve
the accuracy and precision of predictions of future changes in global and regional
temperatures, ocean acidification and sea level. Much remains to be accomplished in
deciphering palaeoclimate records and improving integrated Earth system models. These

topics are a high priority for Antarctic geoscientists.
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