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Biogenic Opal Production and Paleoclimate Change in the Wilkes Land
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Abstract : A 450 m-long sediment section was recovered from Hole U1359D located at the eastern levee
of the Jussieau submarine channel on the Wilkes Land continental rise (East Antarctica) during [ODP
Expedition 318. The age model for Hole U1359D was established by paleomagnetic stratigraphy and
biostratigraphy, and the ages of core-top and core-bottom were estimated to be about 5 Ma and 13 Ma,
respectively. Biogenic opal content during this period varied between 3% and 60%. In the Southern Ocean,
high biogenic opal content generally represents warm climate characterized by the increased light
availability due to the decrease of sea-ice distribution. The surface water productivity change in terms of
biogenic opal content at about 10.2 Ma in the Wilkes Land continental rise was related to the development
of Northern Component Water. After about 10.2 Ma, more production of Northern Component Water in the
North Atlantic caused to increase heat transport to the Southern Ocean, resulting in the enhanced diatom
production. Miocene isotope events (Mi4~Mi7), which are intermittent cooling intervals during the
Miocene, appeared to be correlated to the low biogenic opal contents, but further refinement was required
for precise correlation. Biogenic opal content decreased abruptly during 6 Ma to 5.5 Ma, which most likely
corresponds to the Messinian salinity crisis. Short-term variation of biogenic opal content was related to the
extent of sea-ice distribution associated with the location of Antarctic Polar Front that was controlled by
glacial-interglacial paleoclimate change, although more precise dating and correlation will be necessary.
Diatom production in the Wilkes Land continental rise increased during the interglacial periods because of
the reduced sea-ice distribution and the southward movement of Antarctic Polar Front.

Key words : biogenic opal, surface water productivity, sea-ice distribution, Northern Component Water,
paleoclimate, Wilkes Land, East Antarctica

*Corresponding author. E-mail : bkkhim@pusan.ac.kr



[\)
N

Song, B. and Khim, B.K.

[
X
r

el sy B9 dule] ARl WEkE op]

Fge &
AL 5] Aol ©|g A W (brine ejection)
TEE Fre AT

gl 83 282 sto] AATH EH =gt 7]

o
o 0
rulo ofr
19
o
Py
ol
o
N
£
i
=2
o
o%
2

aptete] A EEEAEY]
P A7lddls £3 sl YA o] s A
= HAAshes YA =27t A #E5F oHe.g Abelmann
and Gersonde 1991; Wefer and Fischer 1991).

S 2T o] AL AAA kel A
A w3t F83 JFS v|xIth(e.g. Ragueneau et al.
2000). THHEE s ANA Fag FFFoR =
(diatom), T2 H 2 2 F(silicoflagellate), ¥4+ (radiolarian),
3H 5= (sponge)E2] Wzt =W Aol o] &HT. Y
Fo| A7 #F A= =l o Akl $-
Alsh7] wiiel] g AsE A =] BEE eV &
AL T2 M AEZHIAESE FAH Ut (eg.
Goodell 1973). webx] ko] AEZYE EEEL2 54
E WollA A=719 2 Z(biogenic opal)®] FEIZ EA)|3}

, BF allrol Al o] AR A Algt

AAA AE71 4 F3 9] 37% o do] FH el
Al dojdtty B ¥ tH(Ragueneau et al. 2000). ©] A
2 7159 olikstea b e oksteka
T #stet JHE Aol dvke AE AAMEH
(Francois et al. 1997; Sigman and Boyle 2000). Takahashi
et al. (2002)= H9] 50 o]'gre] A ollA FrY gl 2lsf
AAEE 7] T olitsletirt AA| sge] AASR=
o] AFEFER A~ ] 20% o] ¢S AFAI AL B ALskiT T
T olAtsterAd] Tk Wske Ao 7% wiskel ufg-
U Ao] glom, dnF o= 7] & o|4kstetie]
v Walr] 1t 7Askar 77 w9 SR o
ZA ATH(Petit et al. 1999). th7] & o]Akalerre] F&
7} Wat7] ERF 2 A 7] F olksteta ARt &
%o 2 A AEA7] wliEo|th(Sigman and Boyle 2000). A
E ¥ (biological pump)= %3 3T XA LER 2
gl 7] & oliksletast ajrd] TRt U EAR
HgEo] AFo 2 Ay e FHo=Z, ol A&
Hxol 3§ ¥ske Walr]-7H 7o e 7] F olit
sletae] i wHsle] Rl ARle R A7 o] ghrh

ool

(e.g. Sarmiento and Toggweiler 1984). 1222 Y ¢Fo]
A AL AR AL 715 wskel AAshs
A A8 715 A EEE olsistr] S8 wl$- T8ttt

A& A1 A 8 (Deep Sea Drilling Project)®] A]2} o] &
el HAEe] AFH7F GolaiAHA A HHES o] &35
31719/ar8) ¥ ek wstel] g thgek A-Eol 1a s
At oS E9], Zachos et al. (2001 Als|A]15=A &3}
) A S (Ocean Drilling Program)oll Al £ 5% 407
ool AlFFol HAEAA BAE AMA F3F At
259 A e Tt Ad 65 Ma 5¢ke] HA| A
715 ¥skE BEsiint. & Hvhd 717ke] AkaEelda

N8 ANTAL eusiel WrEE vk o A}
ASE AN Yot 2 F 7P TR L) AP

2 24| (Paleocene) 71914 ol @A (Eocene) 271 Y
E} b, ‘Paleocene Eocene Thermal Maximum’3} ‘early
Eocene Climate Optimum’S.E L #] Qlt}. o]F <F
17 Ma 59r2] 71 W7} 73 gko] Ef2wpuo} 3¢ (Tasmania
Passage)?} =#o]= 313 (Drake Passage)°] Lzl& A
S F= WAte] FA e &) Al (Oligocene) 5717k
A A& S84 3] o]F nlo] @ A (Miocene) =
7191 15 MaZ7bA] = " 8te] F917} hastal A57e] &
T7F o Frvshe el e Al7|nt. 2] aL wlo]
LA F7] o]F °F 10 MaZkA] X1ZQ1 W2t vebst
om g=9] Fo WiEe] wdssich

Sl mlo] oA A171€] A7]% WHs) AFES W
o] 43| AT Wright et al. 1991; Wright and Miller
1993; Flower and Kennett 1994; Billups 2002; Vlastélic
et al. 2005). ol & 01, =52 W2 nfo] oA &1F
o] 715 Wsle} dAdr|o] WLE 7] el ol2fg g
o] g Ark= HFEle HAEol & 7155 UTHDe
Santis et al. 2003; Escutia et al. 2005). ¢F 34 Ma 7 =3
ol s ¥ EfLrmp o} o] dEHA 5 T8
(Antarctic Circumpolar Current)’} A= UL = 5
o] gHo= JgHo] FHUF W] o= A
F % tH(Zachos et al. 2001). vfo] @AM F7] o] F HA|4-4
< W7t #A-gom F= Aol wasilaL, o] F AMd=
AG7HA] W2do] BE AT Wright et al. 1992). whebA

T o] Al 8= AFE Sl mho] oA Al7]

Fe] As S 9 AR A For F= WA
X9} A&dE Y32 WA X (Wilkes subglacial

basin)?ll $]=]3FCH(Ferraccioli et al. 2001). Y32~ W 3}A
EAE 53 viEE e 9= WA 7AHe ge i

T o RLS

o] & oo ¢85} WE T2 TI= XA
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WdEol mlsl 715 wstol] sl wze 54
A tHDeConto and Pollard 2003). W&k L=
FHEY H8zddle AAF4 715 dstel 2
o] Sl= FE= WA weol] vt ARy} 715y

& AR ddEn o AelMeE 20104 19 3UF
H 39 8U7A FET YAWE oy Sy
Integrated Ocean Drilling Program(IODP) Expedition 318
5ot YASAE YEY Aejoln A5 AF Lo}
U1359D9] A& BEE AE7|Y 02 Feg £43)
of wlol oAl F-57] Fekel 3a WsE 2Alsit.
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2. A=A

L=

71 (Antarctic Polar Front)
= 8o T A7l 1AI8kaL AUTk(Fig. 1).
YANE hFFHTY 5 Akl A5k ofde] &)
SH(Adélie Coast)x} ZA] 5H] #l|<H(George V Coast)e &
= e WiEE e A9eE W (ice clifffE3 7 7N
3l E-Z1 3l(outlet glacier)?] ™ Z=(Mertz) W 5}
innis) *W 37t WEghth(Fig. 1). o] g &=
U352 WA (ice tongue)®] FEHIZ d|FEFo = SAgE,
SA et R ot wiEH HAE 5l 8%
93kS- St} (Anderson et al. 1980).

YAzANE fEFFHTY] S5, WFAM, 2232 o
St HAHA 5o A& Yot Agor 553
AFAR 54 Bk 559 He Hol= 125 kmo]
3L, Wt T4 400-500 me] v, B EE el 4] oF

2000-2500 m7kA] LR hHAPHS FAL 7HkEr A
3=} (submarine canyon)E°] EE o] A tH(Porter-Smith
2003). tiSAFHA A3 i< dEAPHS] 43
oA HE oozl Eg FEe] FES wjiel] 7]Eo]
Agk 3o whdr]o] Qlth(Escutia et al. 2000).

YIzANE fEFHE= FEH7] F7](mid-Jurassic)oll
A1 @ e}7] (Cretaceous) &<l TFUNFI FStF0] £
2 EHA FAEATHCande and Mutter 1982). Y2~
= Hg5FHEY IAMe FE UE =% @49
(multichannel seismic) ZAol] 2]ate] A=A} D2~
AN gSFHE X Go] g AFH Wl JdS v
At AE AAshs FEEHoR 27]o] WL-22h
3 HEEAL o]Fo] WL-U3SZ AEA HyE 743
W AZE FAL(F 1,600m) HF Al 2(sedimentary
sequence)’} B = o] A TH(Eittreim et al. 1995; Escutia
et al. 1997, 2005; De Santis et al. 2003).

3. 45 oy

Al AR U13599014 F 47he] AJF3LoKUI1359A,
U1359B, U1359C, U1359D)7} 55Ut} o] AtollA
= o} Ul359DE ©]-&-stAth(Fig. 2). 3ot U1359D9]
T Aole 450 molH AFEA & F7He A9l
269 m7} YEE AT Fof HH 52 MgeA] Al
A e e 58S 7es o FARE AF e
W Bk of| ke AFAR eWE ). Sof
EHE2] 2 7HulA (natural gamma radiation, NGR) %%
< IODP Expedition 318 &<t 4174 Whole-Round
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Fig. 1. Map showing location of Hole U1359D in the Wilkes Land continental rise (East Antarctica). Location of
Antarctic Divergence and Southern Boundary of the Antarctic Circumpolar Current
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Fig. 2. Lithologic log of Hole U1359D with the variation of clast abundance and lithologic units (Expedition 318
Scientists, 2011). Hole U1359D consists of lithologic units IIb, IIc and III. WL-U6 and WL-U7 indicate the
location of seismic unconformity
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Multisensor Loggere} Section Half Multisensor Loggers
ol &sled 54 HskAEol 28] S = ATH(Escutia et al.
2011).

o} Ul359 HAE2 tiiE JEA M E(silty clay)=
TAE] o A SR wet 78] o @
(Lithologic unit)® ¥ tH(Escutia et al. 2011). Unit [
o} ZHH(0-38.64 mbshHoll SEET A (yellow
brown)3} 22| E 34 (olive gray)S W, A4 AR}
ghgo] A& v e AEA JES} 3ol -
st AEZ HE(clayey silt) 2 A AE(sandy silt)= T+
=)o} Utk Unit I FO} 38.64-247.11 mbsf 77kl 3]
=™ Unit Ila, Unit b, Unit [Ilc2 A&EF T} Unit
1a(38.64-99.87 mbsf)= A ELT TZE Ho|e X7}
T AEA HES} E|H 3] dEH FESe] 1
3 50o] AT}, Unit 116(99.87-200.10 mbsf)2] 718221 &
2 Unit a2t FAFSHAIRE 772 gHFo] 43 H4e=
T4 =] Atk Unit 11c(200.10-247.11 mbsf)E Unit Ila
o} Unit IIbell BIIA] ek A48 AAES o Bol
F3 HH=2 4% Ao Unit 12 =oF sk
247.11-596.31 mbsf T7+C. 2 o] =53] (dark greenish
gray)S W™ S|V HEe HES) st FH-e AEA
HEZORE A= Jdom AEwdt 7271 Bo] et
e Zlo] 540t} o] Al o] g3 o} Ul359D=
Unit IIb, Unit IIc2} Unit M2 A= o] Ith(Fig. 2).

o} U13599] 71841 IA|AF7] FA] (paleomagnetic
stratigraphy) 2} A %] (biostratigraphy) = 4143} 8F2HE<]]

olaf A HAcH(Escutia et al. 2011). E&HE2] FA]2}7]
= A2dellA FotE AN F 2G Enterprises 27 =41
Al (cryogenic magnetometer)S ©]-8-3td 5ecm T E =
AE Ao, IARA7E A A F AAZEFAL ] (natural
remanent magnetization) %2 ST SAE A
AFA7) oz dAgH IR A7) A= GPTS(The
Geomagnetic Polarity Time Scale)2}] thy]E E3slo] o
271 A7F 2 E A tHGradstein et al. 2004). EXHE
o B3A = TRt WARSE B4 st AR AT o] A
TollA o] 8% o} U1359D9] Al RS aAA7] F
Aot A AR E ol&ste] AAEN O, A A
e AL Tauxe et al. (2012)0 28] LE=HAHFig.
3). AA A7} ATA AiAtFl olshd Fot Ul359D
o] FHE oF 5 Maoll slBHM FHbdH = oF 13 MaZ
o S= AT

Ao AFE] W BAE HHE F AlEe 54
AxE &, o] EEES o] 8ot EustE gt ot
U1359D9] F 2387l E|ZAES o] §-3Fe] At (biogenic
silica; Sipo) THFOl A= AT DeMaster (1981)3
Mortlock and Froelich (1989)2] WHH & 7l =Fsl 52 -2
glel =2} FZEW(wet-alkaline sequential extraction
method)ol] W} FEE At FFS TFEY
(spectrophotometer: Model biocrom Libra S22)& AR&-3k
of ZAEAT Ata FFY S4E 22 Hel= +1%
ojth. SAE Agtd Fhgol| FAast ool HIQl 245
st Al=719 o RS AR (Mortlock and

Ul1359D GPTS
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Fig. 3. Age-depth plot of magnetostratigraphy and biostratigraphy for Hole U1359D (after Tauxe et al. 2012).

Magnetostratigraphyof Hole U1359D was correlated to GPTS for the age determination
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Froelich 1989).

Biogenic Opal (%) = Sipi, (%) X 2.4.

4.4 %

o} Ul1359D9] Q2 3H2 3%°lA 60% Akolol A
HEsl Highe oF z3%°lE}(Fig 4a) AT+717F <t
o I ok 102 MaZ 71F FElg syt vEer
Woh(Fig. 4b). °F 10.2 Ma ©]x A17H % FFE 3%
oA 45% AtolelA] Wslete] o2 ghaFe] HWghe oF
17%Z % o] vy WHEZx Zt} yhdo of
10.2 Ma ©]5-2] 22 g7Fe 6% A 60% ARo]ollA] M3}
6]-1:!1 Rt 8]—31:9,] ﬁgﬂ%}g g'k 26%% QI Sl-ako] =1
HEZE S8} 9F 6 Ma 7ol o ko] Aozt
(60%)°] YERIAL 6 Ma ©]F 5.5 MaZiA = 232 ghao]
FEletA 7HAstch(Fig. 4b).

HA &M SHE AAvde BAE YA el &
Ak HLLEe] AAFQ1 WA SR et W
5= S A g wmEba ZAdgdebd 3k BA
U] WA SHEAE 3ete O YA RS
A A= ZEA](prox, ) Al ool vy BAZF yie
719 EHO S T4 sk=t o] & Hth(Blum et al.
1997). &2 3= wistel= th2A oF 10.2 Ma o] A]7]

P

_4

o] AAzkubd el W (19-47 cps)h HFHERIG3 epsyS
F 102 Ma o] 58] ztAzebd gk W5 (13-56 cps)t 3
(32 cps)Ths & ApolE HolA| =ttt 2, AHA
7k Zhe] MEEL oF 10.2 Ma o] A& 28 cpso] ATk
°F 10.2 Ma ©|Foll& 43 cpsE F T FALEH =
7Felth(Fig. 4c).

o} U1359D2] AE71) o2 ke HdAdolA] =4

60

Opal (%)

60

NGR (counts/s)

Fig. 5. Correlation between biogenic opal content and
NGR of Hole U1359D
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Fig. 4. Downcore profiles of (a) biogenic opal content with depth (mbsf), (b) biogenic opal content with age, (c)
Natural Gamma Radiation (NGR) with age. (d) downcore profiles 3'30 values of ODP Site 1085 and 982
(Westerhold et al. 2005). Shaded intervals indicate the Miocene Isotope event (Mi4-Mi7) and Messinian Salinity

Crisis (MSC)



Paleoclimate Change in the Wilkes Land Continental Rise 29

H A ghabe v Y] AR BRIok(Fig. 5). ©l
H3t WA SHELRE A A dAk] ol I
282k Aol fofst A7 Aok A

b3t 7)E Bt x5l A Aol =& Agel=
AHos we AEY BH fYow A AR
7} A EE A7t 7JslA 7] wiiol] AFazdatal ghel v
Al Yebdth g2 skelel 7)$ Bt g2 Agke] kA
& Aodle AEoz Fe AErY B2 fooz
A gAbe] ol St o ApAdvbd ghol EAl b

Ehd},
5. 8 9

Y2 WF) AEVIY 2B Aare] 1Al At
DY B e AP G FHE

gEo] deo] 7hgre} Azke siye] HFo oso =4
ETH(Ebert et al. 1995). T3k 1] WA <] WHal= =%

5 8
1996). 2= FYFe] Y 2o Al wE M=

AAX A 7hx]) 8-tk (Massom et al. 2013). Y32

= giEY A9 5¥9~11€ Bt e JFS o
o A& (North Atlantic Deep Water)oll 791
$GelA 7P Bt & IR0 B =8 AT
(Circumpolar Deep Water; CDW)2] 85 =0l <]z 3
1 WHo| 2ty deiA Jdth(Hofmann et al. 1996).
wehA] mlo] @A E YAasde S o] AL
e o5l UMY AErs Ak 5AHES 7=
A o2 m5gk <l Northern Component Water
(NCW)?] &3t drdd A o= 34 ¥ th(Woodruff and
Savin 1989; Wright and Miller 1993; Billups 2002; Poore
et al. 20006).

R B eFe] 9% Ao A= B
NEFe 2ddH=-2FENE &% (Greenland-Scotland
Ridge)e] 741 Wsle} #Ado] glom, JANR=-~E
= P 74 ¥shes A oF 60 Ma 53t ofo]EWE
Z&(Iceland Plume)}t -2 A4+ WE E-&(mantle plume)
o] A7l sl Pk WkTH(Vogt 1972; Wright and
Miller 1996; Jones and Maclennan 2005). Z¥HE=-2~5
SN dH o] 74 Hshs SRS H QRYeRE FFE
= FUAYG AT 7190] He NCWe| I 7%

o] &S FTH(Wright and Miller 1996; Poore et al.
2006). YO = olo]EME FF0] EFo] offAH 1
dAle- A3 5dE a5 o] o] Zlox]Al Erk(Vogt et
al. 1972). &0 HtHA ¥ IE AFo R FY=H=
5309 vl 27k 9] o] F7HEe] NCWe] &
Jo] Erste] g w FEEe Y g kS
CH(Wright and Miller 1996). HFtj 2 ofo]&dl= ZEo
gxo] gl A 2dWRE-AFENE 3|5 o] 4]0
oA A =HH FSsfolA FU=EE 7] Fol st
3L NCW2| 32do] <kslelth(Wright and Miller 1996). #}
o] A o]A A|7]oE aRANE-AFEWNT 7 o] F4]
o] Z1A] got HFele] 7t FRAGLR FE3| 37
T x| HEsle] NCW FAdo] njeFgith(Poore et al. 2006).
A vl oM 27] Bt a-ME AIERE S 5
2ol ZojAA NCWe] o] dagldd Ao = H s
STH(Poore et al. 2006). ]2} o] NCWE] Ao 2|t
T FF TR AT 48 YR gt
A B2 75718 FEshe 98-S ot I g5
W3S AAAIZITHWright et al. 1991, 1992; Wright and
Miller 1993; Westerhold et al. 2005; Butzin et al. 2011).
Al G o] WAS AN A £ sl I
Asbgol Z7vskAl Hrt

o} Ul1359DelA S E AE7Y o3& =2 9
102 MaE 71522 o] Al7|Ht} o]% A7]¢] o2 3
2ol Ha 10% =7 YERSTHFig. 4b). ©] A17]12] HE7]
o= Fko] Z7h= NCWE] wga) Aso] e A
° 2 A H) mlo] oA 2710l EjA] oAl NCW7H
Wgksly] ARSI oF 13 Ma 0% dhuu} s3] Fol
A 7] A2t o] % dlfo] $ds] 237 3 MazkA Hj
HoF g 3 meo] Aoz A HATh
(Collins et al. 1996). Z}wu} sl o] FopA|HA HA
o] Z9= A GollM FAHHE NCW7I i E YO Z F55]
A gk g o s 3 e 2o AYEHAT
Egh Bl gt tiA gl ) o] ZojEHA] A 3
F(Gulf Stream)7} 743}e]o] ETir ] A9E Aoz
Ao 7 FHREA FEEHA NCWe Aol
S7Fet Ao ® FY I Jk(Nisancioglu et al. 2003).
NCWe] Aol Zrslxlo] Whgko gl & o] F7st
A3, NCWollA 7108 233k 331 CDWe] 714
FFoz I BF o2 GyFo| Tk Y W
w2 o] Zhagl wlel %
= dllre] Yol o] 8o Tt UYLl ol sk A
E719 239 P4o| S7HEULS Foltt. T €3~
A= gF ) A9 F5 sl7e] AR viskE v
sh= 3o} U1359D9] o 3haFe] 4712l wistol A oF
10.2 Ma o33} o]-2] o 37 zjole= HujA S A5

ok

2
o
)
B>
i)
3@
tlo
Y,

o
v
)
ok
Lo
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)

o] 719990 NCwe] s st Ao At
THE 9asde gsY K99 Fof U1359De] &
Z shape] 471491 Wshs A e deEHA M=
I FAE FE T U AMAE FEFY gaseda
ZEP0) e Y QUENDH FH=E(CdyS £k
G} 72 ZEAEL WY 3] Wl S B
Q3= o] 8- ¥ tH(Charles and Fairbanks 1992; Mackensen
and Bickert 1999; Frank et al. 2002). §3], A F%
%9 §BC B AFFH ] Y FEE s
of #¢ FHAR wl-- At o]&H
CDW= o] 3o NCW 18]aL Q= &3
S 2RH Aedd A5 £l I ETHEme
and Meincke 1986). W&} CDW9] §°C gk w2
d T2 5Ase H5uXG ASFe 719e]
NCWe] & §8C g3 =2 ¥ v EAE=
L-B)H o 4547 (India-Pacific Deep Water)2] 22 §3C
% AtelollA] 3}tk (Charles and Fairbanks 1992).
Wright and Miller (1996) EthA %, Gl <, B3 k2]
o AGollA FEH HAENM SHE AN F35
o] §1C #E o838l PHYOR FHEE NCWE
S B35 12-23 Ma Setolls Boha <, ©d ek,
gl kel §1°C grEol AT ol A HE
o] Yepdth eyt 12 Ma ©]F °F 10 MaZH= HTiA
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2005) in terms of orbital-scale variation in the Wilkes Land continental rise

Bradtmiller et al. 2009; Sprenk et al. 2013). °]3& &
sl 2 AAHo] Wal) B HaEln
ot S7HE Aok A ofnigint. Wahr] &<t s e
7]‘ @“7‘}5]01 ®3 OHTE —r*}ﬂ EH%MO] A
4 "H‘Z Arbgd ol Lﬁ\—ﬂm‘:} H]°P7]-7Lm71 ‘3—9] 7%
Wslol B YasAs e Ade] 0@ e ws
& Yolrr] 93l O P Leg 1759] Site 10852 A4
He H]Lo}oiﬁ]'(Flg 6). x:Hxﬂ?G S

AAEA &= AL UA
l:r ofe] FA] Atje] AF| =l 4
2o AzkE)

%ﬁl% ‘E]'Ho] GollMe] 25 s d
AALo|tHe.g. Bareille et al.
el Ak 3ist ob T A4e)
Ao 2 whest —’;34 7} ¥hA Atk (Moore et al.

A QA &3 BEja|ek A=
g "o X% 9l
349 FZEe 914
St o= 39 (Sub-Antarctic Zone)oﬂf\ib kel 55
7} A73sPaA] E= S5 (Antarctic Intermediate Water)
£ A, BF lFe] A FEAAe] P

9]01



32 Song, B. and Khim, B.K.

719‘r A& AAFA
7] _6;%5}01] upet E"‘i%@":}. %i/‘ﬂ (Holocene)9} 732 &
7HY7] A7l EEAe] dEo R o]Fate]
el AE71 At frlekAe] HAo] g3l
%4 39 (Permanently Open Ocean Zone)ollA WA &=
whdol| gk gk Wahr] Al7lell= s el S $A P
Aol BE£o g olgshr] wited AE7d a9t 771
2o Ho EHo] REo® olgHTal HIHAT
(Mortlock et al. 1991; Bareille et al. 1998; Chase et al.
2003; Dezileau et al. 2003; Bradtmiller et al. 2009;
Sprenk et al. 2013). €I=AHE QEY AFL 25 Y
4 Ao YA FEesR s A 9
25 AR e G W] wwo] =
AR Wstol] FasHA FFE etk wEkA W] st
0] Bt s e 27 Sk wet %3
alre] oz Aadol ZaEARE 7] St FEHA
o] @atatar sy ] Fx7F AT wet £5 35
T2 Aol FrtEe] o ko] EA| UEhe Ao
2 M hFig. 6).

iy

6.2 &

T QF2AE GED HAR 4B 0F F
FuEe Fud x1°u vo] o4 F-F7] Fre] 7]
F usish WA T WekE P st Uk B
9T gasAs gEge] 4717 % £3 65 E

el 47149l Wsks NCWS| 393t s, o

F BrjakelA NCWe] d4 712 21ste]
X1 ERFE SR EFFo] Tk o] FY Y
o] WA o] A Yle] 780l Ftsle] 2 ALt
go] S =T =g NCW94 P Z71= CDWY &
< S/ oPIMTIAL BF AR U Tl S
7] w2l O’Z}*E*Wﬂ S7HE ATt mho] oA Ft 7F
A WS AAse mlol oAl FHdA A}74(Mi4-
Mi7) &<t yztstol] &gk %3 o] YA A

Arehe 2 T vt AFEAT, Ad *“34 &
S B4 AR A= BAIE g A gsA gt
A= geth oF 6 MaolA] 5.5 Ma &<t % ghigo] 7+
adhs A A7 Moz H Ly NCWe]
7o) Z2E ™ wAYQE A AdEh NCW @
3] AR ] FGeRe d FFo] s 3

o) wAe] F/kskga A9Ee] Pol HIAGoE =
A Bl o] A7l Bk EFeNR] HE Yol 7

23kt ok U1359De] 2 hae] @r]AQl e
a7 2716l wE 7)sstel ojs) 2de e &

W el 4 Wl
el ¥ 3

Sl 2 Aol %&4
o). el g W) 2y 2
otep7) Sl % e 2 A4 2ol B
o] a7

~_%

A} A}

o] Aol AHg
Exp. 3189] RE 4 PJri 3 APd A7l =S
= Ak et 111‘614 f ?H %ﬂ%onﬂ] WA E-U T
o] A= FES YT K-I0OD
FUth =85 Ak =2 % éj‘/\w—‘é—gl Tag A4

Apsel Ak =9,
A Ed

Abelmann A, Gersonde R (1991) Biosiliceous particle flux
in the Southern Ocean. Mar Chem 35:503-536

Anderson J, Kurtz D, Domack E, Balshaw K (1980) Glacial
and glacial marine sediments of the Antarctic continental
shelf. J Geol 88:399-414

Bradtmiller LI, Anderson RF, Fleisher MQ, Burckle LH
(2009) Comparing glacial and Holocene opal fluxes in
the Pacific sector of the Southern Ocean. Paleoceanography
24:2214. doi:10.1029/2008PA001693

Bareille G, Labracherie M, Bertrand P, Labeyrie L, Lavaux
G, Dignan M (1998) Glacial-interglacial changes in the
accumulation rates of major biogenic components in
Southern Indian Ocean sediments. ] Marine Syst 17:527-
539

Billups K (2002) Late Miocene through early Pliocene deep
water circulation and climate change viewed from the
sub-Antarctic South Atlantic. Palacogeogr Palaeoclimatol
Palaeecol 185:287-307

Blum P (1997) Physical properties handbook: a guide to the
shipboard measurement of physical properties of deep-
sea cores. Ocean Drilling Program Technical Note 26.
http://www.odp.tamu.edu/publications/tnotes/tn26/INDEX.
HTM

Butzin M, Lohmann G, Bickert T (2011) Miocene ocean
circulation inferred from marine carbon cycle modeling
combined with benthic isotope records. Paleoceanography
26:1203. doi: 10.1029/2009PA001901

Cande SC, Mutter JC (1982) A revised identification of the
oldest sea-floor spreading anomalies between Australia
and Antarctica. Earth Planet Sci Lett 58:151-160



Paleoclimate Change in the Wilkes Land Continental Rise 33

Charles CD, Fairbanks RG (1992) Evidence from Southern
Ocean sediments for the effect of North Atlantic deep-
water flux on climate. Nature 355:416-419

Chase Z, Anderson RF, Fleisher MQ, Kubik PW (2003)
Accumulation of biogenic and lithogenic material in the
Pacific sector of the Southern Ocean during the past
40,000 years. Deep-Sea Res Pt 1T 50:799-832

Collins LS, Coates AG, Berggren WA, Aubry MP, Zhang J
(1996) The late Miocene Panama isthmian strait. Geology
24:687-690

DeMaster DJ (1981) The supply and accumulation of silica
in the marine environment. Geochim Cosmochim Acta
45:1715-1732

DeConto RM, Pollard D (2003) Rapid Cenozoic glaciation
of Antarctica induced by declining atmospheric CO,.
Nature 421:245-249

De Santis L, Brancolini G, Donda F (2003) Seismo-
stratigraphic analysis of the Wilkes Land continental
margin (East Antarctica): influence of glacially driven
processes on the Cenozoic deposition. Deep-Sea Res Pt
11 50:1563-1594

Dezileau L, Reyss JL, Lemoine F (2003) Late Quaternary
changes in biogenic opal fluxes in the Southern Indian
Ocean. Mar Geol 202:143-158

Ebert E, Schramm J, Curry J (1995) Disposition of solar
radiation in sea ice and the upper ocean. J Geophys Res-
Oceans 100:15965-15975

Eittreim SL, Cooper AK, Wannesson J (1995) Seismic
stratigraphic evidence of ice-sheet advances on the
Wilkes Land margin of Antarctica. Sediment Geol
96:131-156

Emery WIJ, Meincke J (1986) Global water masses-summary
and review. Oceanol Acta 9:383-391

Escutia C, Brinkhuis H, Klaus A, the Expedition 318 Scientists
(2011) Wilkes Land glacial history. In: Proceedings of
the Integrated Ocean Drilling Program, 318, Tokyo.
doi:10.2204/iodp.proc.318.2011

Escutia C, Eittreim S, Cooper A, Nelson C (1997) Cenozoic
glaciomarine sequences on the Wilkes Land continental
rise, Antarctica. In: Proceedings of the VII International
Symposium on Antarctic Earth Sciences, vol 7. Terra
Antarctica Publication, pp 791-795

Escutia C, Eittreim S, Cooper A, Nelson C (2000) Morphology
and acoustic character of the Antarctic Wilkes Land
turbidite systems: ice-sheet-sourced versus river-sourced
fans. J Sediment Res 70:84-93

Escutia C, De Santis L, Donda F, Dunbar RB, Cooper AK,
Barancolini G, Eittreim SL (2005) Cenozoic ice sheet
history from East Antarctic Wilkes Land continental

margin sediment. Global Planet Change 45:51-81

Ferraccioli F, Coren F, Bozzo E, Zanolla C, Gandolfi S,
Tabacco I, Frezzotti M (2001) Rifted (?) crust at the East
Antarctic Craton margin: Gravity and magnetic interpretation
along a traverse across the Wilkes subglacial basin
region. Earth Planet Sci Lett 192:407-421

Flower BP, Kennett JP (1994) The middle Miocene climatic
transition: East Antarctic ice sheet development, deep
ocean circulation and global carbon cycling. Palacogeogr
Palaeoclimatol Palaeoecol 108:537-555

Francois R, Altabet MA, Yu E, Sigman DM, Bacon MP,
Frank M, Bohermann G, Bareille G, Labeyrie LD (1997)
Contribution of Southern Ocean surface-water stratification
to low atmospheric CO, concentrations during the last
glacial period. Nature 389:929-935

Frank M, Whiteley N, Kasten S, Hein JR, O'Nions K (2002)
North Atlantic Deep Water export to the Southern Ocean
over the past 14 Myr: evidence from Nd and Pb isotopes
in ferromanganese crusts. Paleoceanography 17:12-1.
doi:10.1029/2000PA000606

Goodell HG (1973) Marine sediments of the Southern
Oceans. American Geographysical
Map Folio Series 17:1-9

Gradstein FM, Ogg JG, Smith AG (2004) A geologic time
scale 2004. Cambridge University Press, UK, 401 p

Hanna E (1996) The role of Antarctic sea ice in global

Society, Antarctic

climate change. Prog Phys Geogr 20:371-401

Haq BU, Hardenbol J, Vail PR (1987) Chronology of
fluctuating sea levels since the Triassic. Science 235:
1156-1167

Hillenbrand C-D, Fiitterer D (2001) Neogene to Quaternary
deposition of opal on the continental rise west of the
Antarctic Peninsula, ODP leg 178, Sites 1095, 1096, and
1101. In: Barker PF, Camerlenghi A, Acton GD, Ramsay
ATS (eds) Proceedings of the Ocean Drilling Program,
Scientific Results 178, pp 1-33

Hofmann EE, Klinck JM, Lascara CM, Smith DA (1996)
Water mass distribution and circulation west of the
Antarctic Peninsula and Bransfield Strait. In: Ross RM,
Hofmann EE, Quentin LB (eds) Foundations for
ecological research west of the Antarctic Peninsula,
Antarctic Research Series, 70:61-80

Ivanovic RF, Valdes PJ, Flecker R, Gutjahr M (2013)
Modelling global-scale climate impacts of the late
Miocene Messinian Salinity Crisis. Clim Past Discuss
9:4807-4853

Jones SM, Maclennan J (2005) Crustal flow beneath Iceland. J
Geophys Res 110:B09410. doi:10.1029/2004JB003592

Krijgsman W, Hilgen F, Raffi I, Sierro F, Wilson D (1999)



34 Song, B. and Khim, B.K.

Chronology, causes and progression of the Messinian
salinity crisis. Nature 400:652-655

Mackensen A, Bickert T (1999) Stable carbon isotopes in
benthic foraminifera: proxies for deep and bottom water
circulation and new production. In: Fischer G, Wefer G
(eds) Use of proxies in paleoceanography, Springer,
Berlin Heidelberg, pp 229-254

Massom R, Reid P, Stammerjohn S, Raymond B, Fraser A,
Ushio S (2013) Change and variability in East Antarctic
sea ice seasonality, 1979/80-2009/10. PLoS ONE 8:e64756

Moore JK, Abbott MR, Richman JG (1999) Location and
dynamics of the Antarctic Polar Front from satellite sea
surface temperature data. J Geophys Res Oceans 104:
3059-3073

Mortlock RA, Froelich PN (1989) A simple method for the
rapid determination of biogenic opal in pelagic marine
sediments. Deep-Sea Res 36:1415-1426

Mortlock RA, Charles CD, Froelich PN, Zibello MA,
Saltzman J, Hats JD, Burckle LH (1991) Evidence for
lower productivity in the Antarctic Ocean during the last
glaciation. Nature 351:220-223

Nisancioglu KH, Raymo ME, Stone PH (2003) Reorganization
of Miocene deep water circulation in response to the
shoaling of the Central American Seaway. Paleoceanography
18:1006. doi:10.1029/2002PA000767

Petit J, Jouzel J, Raynaud D, Barkov NI, Barnola J, Basile I,
Bender M, Chappellaz J, Davis M, Delaygue G, Delmotte
M, Kotlyakov VM, Legrand M, Lipenkov VY, Lorius C,
Pépin L, Ritz C, Saltzman E, Stievenard M (1999) Climate
and atmospheric history of the past 420,000 years from
the Vostok ice core, Antarctica. Nature 399:429-436

Poore HR, Samworth R, White NJ, Jones SM, McCave IN
(2006) Neogene overflow of Northern Component Water
at the Greenland-Scotland Ridge. Geochem Geophys
Geosyst 7:Q06010. doi:10.1029/2005GC001085

Porter-Smith R (2003) Bathymetry of the George Vth Land
shelf and slope. Deep-Sea Res Pt II 50:1337-1341

Ragueneau O, Tréguer P, Leynaert A, Anderson R, Brzezinski
M, DeMaster D, Dugdale RC, Dymond J, Fischer G
Francois R, Heinze C, Maier-Reimer E, Martin-Jézéquel V,
Nelson DM, Quéguiner B (2000) A review of the Si cycle
in the modern ocean: recent progress and missing gaps
in the application of biogenic opal as a paleoproductivity
proxy. Global Planet Change 26:317-365

Reid JL (1979) On the contribution of the Mediterranean
Sea outflow to the Norwegian-Greenland Sea. Deep-Sea
Res 26:1199-1223

Sarmiento J, Toggweiler J (1984) A new model for the role
of the oceans in determining atmospheric pCO,. Nature

308:621-624

Shin S, Liu Z, Otto-Bliesner BL, Kutzbach JE, Vavrus SJ
(2003) Southern Ocean sea-ice control of the glacial
North Atlantic thermohaline circulation. Geophys Res
Lett 30:1096. doi:10.1029/2002GL015513

Sigman DM, Boyle EA (2000) Glacial/interglacial variations
in atmospheric carbon dioxide. Nature 407:859-869

Sprenk D, Weber ME, Kuhn G, Rosén P, Frank M, Molina-
Kescher M, Liebetrau V, Rohling HG (2013) Southern
Ocean bioproductivity during the last glacial cycle-new
detection method and decadal-scale insight from the
Scotia Sea. Geol Soc London Sp Pub 381:245-261

Takahashi T, Sutherland SC, Sweeney C, Poisson A, Metzl
N, Tilbrook B, Bates N, Wanninkhof R, Feely RA,
Sabine C, Olafsson J, Nojiri Y (2002) Global sea-air
CO, flux based on climatological surface ocean CO, and
seasonal biological and temperature effects. Deep-Sea
Res Pt 1T 49:1601-1622

Tauxe L, Stickley C, Sugisaki S, Bijl P, Bohaty S, Brinkhuis
H, Escutia C, Flores JA, Iwai M, Jiménez-Espejo F,
Mckay R, Passchier S, Pross J, Riesselan C, Rohl U,
Sangiorgi F, Welsh K, Klaus A, Fehr A, Bendle JAP,
Dunbar R, Gonzalez J, Hayden T, Olney MP, Pekar SF,
Shrivastava PK, van de Fleridt T, Williams T, Yamane
M (2012) Chronostratigraphic framework for the IODP
expedition 318 cores from the Wilkes Land margin:
constraints for paleoceanographic reconstruction. Pale-
oceanography 27:2214. doi:10.1029/2012PA002308

Vlastélic I, Carpentier M, Lewin E (2005) Miocene climate
change recorded in the chemical and isotopic (Pb, Nd,
Hf) signature of Southern Ocean sediments. Geochem
Geophys Geosyst 6:3003. doi:10.1029/2004GC000819

Vogt P (1972) The Faeroe-Iceland-Greenland aseismic ridge
and the western boundary undercurrent. Nature 239:79-
81

Wefer G, Fischer G (1991) Annual primary production and
export flux in the Southern Ocean from sediment trap
data. Mar Chem 35:597-613

Westerhold T, Bickert T, Rohl U (2005) Middle to late
Miocene oxygen isotope stratigraphy of ODP site 1085
(SE Atlantic): new constrains on Miocene climate variability
and sea-level fluctuations. Palacogeogr Palacocl Palacoecol
217:205-222

Woodruff F, Savin SM (1989) Miocene deepwater oceanography.
Paleoceanography 4:87-140

Wright JD, Miller KG Fairbanks RG (1991) Evolution of
modern deepwater circulation: evidence from the late
Miocene Southern Ocean. Paleoceanography 6:275-290

Wright JD, Miller KG, Fairbanks RG (1992) Early and



Paleoclimate Change in the Wilkes Land Continental Rise 35

middle Miocene stable isotopes: implications for deepwater ~ Zachos J, Pagani M, Sloan L, Thomas E, Billups K (2001)

circulation and climate. Paleoceanography 7:357-389 Trends, rhythms, and aberrations in global climate 65
Wright JD, Miller KG (1993) Southern Ocean influences on Ma to present. Science 292:686-693

late Eocene to Miocene deepwater circulation. Antar Res

S 60:1-25 Received Sep. 21, 2014
Wright JD, Miller KG (1996) Control of North Atlantic Revised Oct. 26, 2014

Deep Water Circulation by the Greenland-Scotland Ridge. Accepted Jan. 19, 2015

Paleoceanography 11:157-170



