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

(4 ® 2 o B

I. Title

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

II. Purpose and Necessity of R&D

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

III. Contents and Extent of R&D

- To obtain the gravity core KI-13-C2 in the Central Basin of the Ross Sea

- To obtain the gravity core RS14-C2 in the continental slope to the east of
Pennell Bank

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

- To analyze the diverse paleoceanographic indicators (biogenic opal, CaCOs,
organic carbon, carbon isotope of organic matter) from the core sediments

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

- To reconstruct the Holocene-deglacial-glacial environmental change in the



continental slope to the east of the Pennell Bank

- To reveal the relationship between the growth of East Antarctic Ice Sheet
and paleoclimate change

IV. R&D Results

- Core KI-13-C2 shows at least the two glacial-interglacial cycles.

- Core RS14-C2 shows one glacial-interglacial cycle.

- Biogenic component increased during the interglacial period.

- Reworked sediment and transport are distinct during the glacial period.

- Glacial and deglacial sediments are controlled by the growth of East
Antarctic Ice Sheet.

V. Application Plans of R&D Results

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

- To prepare for the industrial database by providing the preliminary data
for the climate change response
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HA L 7wkek 228 FEA 7]F W3t 7|5 2 Fo] AHuh AQbol A Holx= =)
o] fF5S U2 HAES Btk 7MY =2 HAE (20024 em/ka)S E.ol & Joides Basin®]
TARE AE7]Y =R o]Fo] At} (Frignani et al, 1998; Finocchiaro et al., 2000). 7%
AY R o] Fo]Z Granite Harbore] +23A 10 me] 42 F74E 7FA ™ (Domack et al., 1999),
A Eo] o}F =250 cm/ka; DeMaster et al., 1996). o3t A3l vzl yjgE2=to] u
AgEe] HA7ES BES =Y £ 7heAdol dte TS sy,

2o ApaEo] 22de HASTEIE 14-13 ka BPol A ZE vk EJ%‘#(Stwver et al.,
1981; Denton et al., 1989; Licht et al., 1996; Brambati et al., 1997). W&l W3}l T H =
7159 J3FS FF WU TH(Steig et al., 1998; Brambati et al., 1997; Orsini et al., 2003). &<
o= TEFY Lol g AFEe os 63 3 kawl wEgE A[7]7F AMSES LolWith
(Cunningham et al., 1999), 5Alo] &2 A 37]o] gt w2 A7} Granite Harbor]
HAEES &8 o]Fo]xa At (Leventer et al, 1993).

_11_



|
o} gktH(Anderson et al, 1991). olgjgt W= EAHZA FAZQ FHAHE
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™ (Licht et al., 1996, 1999; Domack et al., 1999; Brambati et al., 1997,2002),
Pennell Troughe & © Add Az vto] EA3h(Hilfinger et al, 1995, Domack et al.,
1999).

223 T4l 918 Pennell Troughve= tgf Zdeo] 160 km, WH|] 60 km 2|3 vfuj= 54
o) )=]

600 m ©]% 21 32o] 2dth Pennell Trough® H-&Z%ol| $+74AF] Pennell Bank 7} @A %=
7}k 2 Ross Bank7F 912 8 1o, F Bank® 4 thef 7250 m o]t
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Z A (Total Carbon: TC)¢F # 2 A(Total Nitrogen: TN) &2 ¢F 2 cm HF o2 F 12170
o] F7rellA] CHN A4 7](Flash 2000 Elemental Analyzer)E o] &3to] =A3& it 4]
of o] &% AR ¢ 5-10 mgolth. o] A xH 9= £ 0.1%°] T}

w

4 FF71eAa 8 CaCOs 3 &4

ZH7]e A& (Total  Inorganic  Carbon: TIC) St&Fe Fr7|gta EX7|(UIC CO,
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Coulometer:ModelCM5014) & o]-&3}e] °F 2 cm 7HA oz ZF 121709 7oA =A 3t
7y Alge F7IeA 24719 AbA e EEelA QAk Hbgsle] AR xshE eakd o] 83

2 oitste s EAAZI ol WAZ ojqtstE A AR AR o]Edto] XAl
FiE RExogh-& kil (monoethanolamine)ol A #FA o2 FFxo] Ma| AAIzE H A
wgt A Aol 7bs 3k FAk(hydroxyethylcarbamic)S A 3Tl o] 2 <13 F4o] &5 (pH) W
b AAGe] AgHEte yUetdAl su o= FAEE7| o FaE(%T)E HAEdu
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o2 Fojo] A2 A FEMor Foprbal HAo] Evtal AR AFFoR A5 F7
B SRS yERdTh o] A4 F57] ®A(Total Inorganic Carbon)®] QAFH9l+= +
0.1% o]t} CaCOs¥ &2 dojxl FF7]gkA(Total Inorganic Carbon:TIC) & vlR o2 &
29} CaCO39] ¥4¥] 83335 watel 73t
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71 ¥ 4 (Total Organic Carbon: TOC) 3#Fe FEA oA FH7I1e4 ks W gho

= b
TOC (%) = TC (%) - TIC (%)
36 C/N & &4
CHN €14 BA72 78 FR7162 g3t 42 g2 e gloz vehi

C/N = TOC/TN

7159 342594 242 929 AF7]130 I1SO Analytical Ltdoll Al =38 = At}
613C (%0) = (((13C/12C)samle(13C/12C)standard)_1)Xlooo(%())
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Khim, B.K.*, Song, B., Cho, H.G., William, T., Escutia, C. (accepted with moderate
revision) Late Neogene sediment properties in the Wilkes Land continental rise (IODP
Exp. 318 Hole U1359A), East Antarctica. Submitted to Geociences Journal,
(xcorresponding author) (GEOJ-D-15-00219)

[ AIet=3]o 23 19]

Khim, B.K., Song, B., Cho, H.G., William, T., Escutia, C. (2016) Late Neogene sediment
properties in the Wilkes Land continental rise (IODP Exp. 318 Hole U1359A), East
Antarctica. XXXIV SCAR, Kuala Lumpur, Malaysia (Aug. 20-30), .

[=ist=s]e] 2 24]
, -1, E. Colizza, #1& (2016) 22238 Pennell-Iselin Banks &% t5 AL ol A
AHAR sot BA g 54 Wk s ¢FopE] 2016 FI S A OS] LOFF, A,

p.178.
SR, A, HoE, Colizza, E. (2016) H= Z 28 diFAAAA g53 o} E A &9
&) 3]
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XXXIV SCAR Meetings and Open Science Conference

20 — 30 August 2016, Kuala Lumpur, Malaysia
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KUALA LUMPUR

20-30 AUGUST 2016

| S05. Past Antarctic climate and ice sheet
_from the deep ice to the deep sea

Abrupt Antarctic ice-sheet collapse — Past reconstnaction and future implications 1
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Recent advances in understanding Antarctic climate

evolution
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Gepdogical evidence shows that the
ice sheat and dimate in Antanctica has
changed considerably since the onset of
gladation arcund 34 million years aga. By
analyzing this evidenca, Emportant Indor-
mation conceming processes rasponsible
for ice-sheet growth and decay can be
determined, which 1s vital to appredat-
Ing future changes In Antarctica Here,
wee document fve distinct case studies as
examples of recant insights into Antarctic
climate evolution.

The extent of the Antarctic ice sheet
(w15} hasflucthuated corsiderably dusinig its
— 34 il lon year exdstence, and has been a
mafior difver of changes In global sea kevel
and dimata throwghout the Cenozolc Era
The spatlal scale and temporal pattem of
these fluctuations has besn the subjec
of considerable debate. Determination of
the scale and rapidity of the response of
large ice masses and assoclated saa-ioe to
climatic forcing Is of vital Importance. lce-
volume vartations lead to both changes
in global sea levels—on a scale of tens of
mieters or mare—and i alteration in the
capadty of ke sheets and sea-lce as ma-
Jor heat sinks, Insulators and reflectors. it
Is thus Mmgpeartant to assess the stability of
the oryasphere under 3 wanming climate
(IPCC, 2001). Hee we assess fve areas of
activity, whach, when combined, provide

a means of gauging the varlety of acthi-
tles nesdad 1o gain a fuller appredation of
Antarctic glacial hitstoary.

€0, and ice-sheet inception at the
Eocene-Oligocene boundary

while the onset of continental-scale glad-
ation in the earliest Cligocans (011 avent;
-4 Myr) has long been attributed to the
opening of Southern Ocean gateways
(Kennett, 1977, recent numenical modal-
Ing studies suggest declining atmospheric
00, was the most iImportant factor in Ant-
arctic gladation. &s the passages betweean
South Amerlca and the Anfarctic Penlnsu-
la (Drake Passage), and Australia and East
Antarctica (Tasmanlan Passage) widanad
and despened during the late Palengens
and easly Neogene, the southem oceans
eapenanced cooling sea surface tempera-
tures by several degrees. Estimates for the
opening of Draka Passage range betwesn
40 and 20 My, bluming the dirsct ‘cause
and effed relationship between tha gate-
ways and earliest placiation.

To help sofve this 1ssue, coupded
climatece sheet modals have simulated
the Eocene-Cligocens boundary account-
Ing for decreasing OO, concentrations and
orbital varability (DeConto and Pollard,
2003). Results from the modeling show
that tectonscaliy-farced changes in oosan
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drulation and heat transport have only
a small affect on temparature and glaclal
mass balance In the Antarctic interion. Con-
sidering the sensitivity of polar climate to
the range of 0, concantrations predicted
to have extsted over the Palsogena-Meo-
gene, OO, lkely played a fundamental
rale Im controlling Antarcicas dimate.
Madeling also revealed that the timing of
gizcistion in East Antarctica Is sensitive 1o
oebital forcing, mountain uplift, and contl-
nental vegetation, but only within a wery
namow range of stmosphenic 00, concen-
tratlons—anound 2.8 tmes moden lev-
els. Once 3 OO, threshold s approeched,
astronomical fordng tiggers the growth
of a continental-scale ioe sheet within 100
oyt (A1)

Orbital control on ice-sheat
dynamics at the Oligecene-Miocene
boundary

Diilling off the Antarctic margin at Cape
Roberts has revealed 55 sedimentary cy-
ches pecording advance and retreat of the
fce margin sea-bevel changes. Two of the
cydes contain vobcanic ash whose ages
bnk them with particufar Milankowitch
cydies 24 and 24.2 Myt In the deep-sea lso-
tope recoed (Malsh e al., 2007 Analysis of
degp-sea lsobope records Indicats saa leval
varnztians of 30-60 m from changes In lce
shest vodurne at this time. The sadiments
also show that the Antarciic coastal tem-
perature dedined progressively through
Oligocene and earfy Miccane time, which
I at odds with 2 major shift of the 540 val-
wes at —25 My, Intespreted previously s a
warming of the coeans.

Coring of the Antarctic margin will
continue over the nexd two years In nearbry
Mcyurda sound, where two 1000-m-deep
Fheoles will b= cored by ANDRILL, to cover
the tims Interval from the present back to
10 Myt and from 10-20 My, Together with
the Cape Robarts core, this will provide an
unprecedented palecenvironmental re-
cord for this part of the Antarctic margin
for the last 34 Myr.

Mecgene major expansions and
retreats of the EAIS

The Lambent Glacler s the largest fast-
flowing owtlet glacier in the world, drain-
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Ing -12% of the East Antarctic loa Sheet
(EAIS) Itz Prydz Bay. During advances
of the Lamhataanermmemelfhreak,
glaciogenic material 1s deposited on near-
by mourtains. Formations in the Prince
Charbes Mountains were laid by fast-
flowing polythermal tidewater glaciers
analogous to those of the modam fords
of East Greenland, with ages ranging from
early Miocene jor possibly Oligocens) to
Placens-Felstocens. Mumerical moded-
ing studles of ercsion and sediment sup-
ply sungest that, besides climate, contin-
ued excavation and overdespening of the
olaclal trough during Ice advance phases
15 an emgortant factor contralling the dy-
namics of the Lambert Glacer (Taylor et
al., 2004).

Synchronicity of late deglacial ice
retreat in Antarctica

The retreat of Antanctica’s lce shest fol-
lowinig the Last Gladal Maximum (LGR)
hias been studled for mare than 30 years,
theough marine geclogy and continental
placlal gecmoephology, et many ques-
tlons remain regardéng the timing, speed,
and style of lce retreat. New ooring capabd-
ttes, as well as refinemerits in age-dating
metheds, are ylebding surprising results
regarding the taming of last deglacial e
retreat off Antarcticas continental shelf
Long sediment cores have bean collected
fram bath sides of the Antarctic Pendnsula,
the Ross Sea and distant reglons of the
East Antarctic continental shelf By dal-
Ing the blogenic sediments immediately
owartying LGM diaméct {poorly sorted sed-
mient), it b5 possible to estimate the timing
of lce retreat from outer and mid-shelf re-
glons. The develaping Wew is of rapld and
synchronous retreat of ice from widely
separated reglons of Antarcticas conti-
nental shelf beginning at -11.5 cal kyr &P
and lasting for up to 800 years. This ap-
parent synchronicity i unexpected, given
previcas Inferences of large geographic
asynchronicity In the timing of maximum
glacial advance and subsequent earfy de-
glacial hstary ianderson et al., 20021

Subglacial processes and flow
dynamics of former Antarctic ice
streams

Recent marine gaophysical and geological
research from the Antarctic continental
shelf has significantly advanced our un-
derstanding of the extent and dynamics
of the Antarctic loe Sheet [AI5). During the
LG, the AS was positionad at, or dosa to,
tha shelf edge around the Peninsula, the
Bellings-hausen Sea and Pine tsland Bay.
In thess areas, large gladal troughs extend
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ross the continental shelf, and sedimen-
tary and geomarphic evidance from these
troughs (g Zaby Indicate that they were
acoupled by grounded palea los streams
during, or Immediately following, the
LGM 40 Cofalgh et al, 2002). Mega-scale
glacial Bneattons {(subgladally produced
ridges) can attan lengths of graatar than
20 lom within the troughs and are charac-
tegistically fomed In 2 weak porous and
deformable tll layer Fig. 2 d). Such weak
tills have bean identified and mapped In
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all the palen boe-stream trowghs Invest-
gated to date They tend to be confined to
the troughs and are not widely obssrved
in the Inter-trough areas. The assodation
of this weak porous tll Eayer with highly
elongate subgladal badforms Implies that
the rapéd maotion of these ice streams was
fadlitated, at beast in part. by subglacial
daformation of the soft bed. Geophysical
data also Indicate signéficant transport
of subgladal till towards the fomer loe-
stream terminus. The Implication that pa-



len Antarctic joe streams wers undarkain by
weak sediments 15 Indicative of a dynamic,
Fast-flomang Bce sheet at the LGM, much
lke & lstnda]ru-lwesl Antarctica, allowing
rapid lce-sheet responses fo sea lewel and

oCEan temperature changes.

Future activities

Although cur appreciation of Antarctic
hi has iImproved dramatically over the
past g, thera Is stlll much to learn
Slgnificant questions exist about the evo-
lution of Antarctic landscape, both above
and below the ke cover: [is connection
with ice-shaet development; past and
prasent large-scale joe-shest amics
and stability; the role of sub-glacial water
Ini the lce-sheet system; and the influence
of lee-sheet evolution on Antarctic bickogy.
In 2004, the Sdentific Committes on Ant-

arctic Research (SCAR) recognised the Im-
portance of understanding past changes
In Antarctica with the astablishment of its
Antarctic Climate Evolution [ACE) sclentific
resaarch program. This program, in con-
junction with other SCAR program’s (SALE
- Subgladal Antarctic Lake Ervironments;
AGCS - Antarctica in the Global Chmazte
System; and EBA - Evolution and Bkodiver-
sity In Antarctica), alms to further integrate
numerical models with geclogical data, In
ordar to undarstand the processes respon-
sibis for the growth and dacay of lange ice
sheats and to comprehaend the global sig-
nificance of such changes.

Acknow
W thank the commitie= and members of the
ACE program (wwaacescarang) far belphul input

and adice.
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