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Ross Sea West Antarctic Ice Sheet History
INTERNATIONAL OCEAN DISCOVERY PROGRAM

January 4-March 8 2018
Lyttelton to Lyttelton, New Zealand




Changes in cryosphere affect the Earth System
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> ice sheet during the Last Glacial

global mean sea level from Great Barrier

Maximum 21,000 years ago

coral Reef (ODP exp. 325)
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Is the ice mass loss due
Ocean warming?
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Antarctic Seismic Data Library System run by OGS SDLS

J)—and USGS/LDEO http://sdls.ogs.trieste.i

1 MultiBeam Echosounder

2 Chirp sub-bottom profiler

3 Acoustic Doppler Current
Profiler

4 Air Guns

5 Streamer

6 Gravity Corer

7 Ocean Bottom Sismometer

8 Current Meter Chain

336000 km of seismic
lines acquired by 16 Nations
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USNS Eltanin 52 — Site Survey for DSDP Leg 28

1972 1973
F J Davey, Emeritus scientist, GNS Science

Fred Davey (GNS, NZ)
geophysicist

ﬁ (Wellington)

|_Gigmar Challenger

Peter Barrett
Sedimentologist
(Univ. Victoria, NZ)

Video talks March 8t" 2018
http://www.scar-pais.org/index.php/insights/video



/DSBP Leg 29 Ocean Deep sea Geochemical evidem:ﬁﬁ

onset of Antarctic glaciations at c. 34 Ma
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Thermal isolation of Antarctic ~¥35 Ma when ocean gateways
opened — James Kennett’s hypothesis

Ocean Gateway Hypothesis

Warm Eocene
- ’ Ice free continent (greenhouse world)
,e”"'@-‘a'

‘ﬂb ﬁ Antarctica & | Opening of the Tasmanian

Vfﬁ‘ A\ Gateway during the
Eocene/Oligocene transition

Initiation of Circum Antarctic
Current

Thermal isolation of Antarctica
And Glacial Expansion

First evidence of grounding ice dated
25 Ma

Mldd|e Ollgocene ice albedo feedback amplified

DSDP leg 28 (Hayes and Frakes, 1973) cooling => icehouse world




Atmopsheric carbon dioxide caused Antarctic glaciation
- DeConto & Pollard’s hypothesis

letters to nature

Rapid Cenozoic glaciation of
Antarctica induced by
declining atmospheric CO, LETTERS

Robert M. DeGonto* & David Pollard+

namre Vol 4552 October 2008 |doi:10.1038/nature07337

. ) A . . o g
Department of Geosciences, Universiy of Massachusetts, Amherst Thresholds for Cenozoic bipolar glaciation

Massachusetts 01003, USA

+ EMS Environment Institute, The Pennsylvania State University, University Robert M. DeConto', David Pollard’, Paul A, Wilson’, Heiko Pélike’, Caroline H. Lear* & Mark Pagani’

Park, Pennsylvania 16802, USA
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Eocene paleogeographic, paleoceanographic and paleotopographic reconstructions

Dinocyst assemblage and organic biomarker
paleothermometry data from Site U1356

Cooling coincided with cold waters from the Ross Sea
Gyre flowing through the incipient opening of the
southern Tasman Gateway, following the Early Eocene
Climatic Optimum

although atmospheric CO2 forcing alone might provide
uniform middle Eocene cooling, the early opening of
the Tasman Gateway is more consistent with Southern
Ocean surface water and global deep ocean cooling in
the apparent absence of (sub-) equatorial cooling

Proto-Leeuwin Current (PLC)

e BEF o Tasman Current
oo, Otonths e Australo-Antarctic Gulf (AAG)

Bjil et al., 2013 ,




Pollen from the e. Eocene peak greenhouse conditions
Wilkes Land IODP Site 1356

despite polar winter darkness

Mean Annual T: >13.3 °C
Cold Month mean T: >5°C+ 3°C
Warm Month mean T: >22.8 °C

Mean Annual T: >16.8 eC
Cold Month mean T: >10.6 °C + 3°C
Warm Month mean T: >21.5 °C

- Pross et al., Nature, 2012
Contreras et al., 2013



82§ Turonian—Santonian age (92 to 83 miillion years ago

/

mean annual temperature +13 ° C
precipitation of 1,120 mm yr-1

4 months fully dark

C02 1,120-1,680 ppm

No ice

Klages et al.,
2020

Middle | Inner
shelf | shelf

20-2




545.04 m Mb

Hambrey et al (1991), ODP Leg 119, Prydz Bay
O’Brien, Cooper et al. (2004), ODP Leg 188
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CO, threshold delays continental scale glaciation until Oila
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Ancient sea floor depth map.
ANTOSTRAT project — Ross Sea Atlas . Brancolini et al., 1995



Antarctic Seismic Data Library System http://sdls.ogs.trieste.it/

=

Ancient sea floor depth map.

ANTOSTRAT project — Ross Sea Atlas . Brancolini et al., 1995

Terrestrially derived

d E-O Maximum

Land Area = 10.1 x 106 km? Land Area = 13.5 x 106 km?
Wilson et al. 2013

Seismic profile IT89-29

200000 280000

spores and pollen in sub-
aerial and nearshore
sediments above
metamorphic basement

Figure 9. Palynofacies with abundant, much degraded plant tissue; Site 270, Core 43.




Antarctic Seismic Data Library System http://sdls.ogs.trieste.it/
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Seismic profile IT89-29

'DSDP270

AND-CRP.

Ancient sea floor depth map.
ANTOSTRAT project — Ross Sea Atlas . Brancolini et al., 1995



~ Glacial and
sedimentological processes

PROXY (sediment cores)
* |ce/rafting record
Geochemical changes

e Shift in biogeographic zones

Prothro et al., 2018

* Not to scale
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» Reconstruct ice- atmospheric-oceanic temperatures
» identify past polar amplification of climate change

» assess forcings/feedbacks on ice sheet stability/instability
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Colleoni et al., 2018 modified
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ultrahigh-resolution Holocene sedimentary record
Palaeoenvironmental proxies for ODP site 1098 in the Pal eep
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Terrestrial ice = low sensitivity to
ocean warming

Marine ice-sheet extent = high
sensitivity to ocean warming

Persistent terrestrial and variable
marine ice sheets. Sea ice and deep
pycnocline ‘insulate’ marine ice
sheet from ocean = decreased
sensitivity to ocean warming

Colleoni, F.,, et al. 2018

Bathymetry evolution =>
increase ice sheet sensitivity to
ocean warming
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IODP Exp. 374 (Ross Sea) Mid Miocene Climatic Optimum
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ANDRILL evidence of marine-based ice sheet collapse 5-3 Ma

Sediment

Glacial-Interglacial records
cycles |
+7m sea level

Pollard & DeConto, 2009
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Geochemical provenance of detrital material
evidence for retreat of the EAIS 5-3 Ma
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Antarctica in the Southern Ocean during
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____enhanced upwelling of nutrient-rich
/ﬁﬁmpolar Deep Water (CDW) affected ice discharge

Hansen et al., 2017

= IRD MAR Clast Polarity LITHOFACIES, SEDIMENTARY STRUCTURES
g OPAL(%) =0.125mm Abundance Age Diatom-rich silty clay,diatom Olive grey silty clay === mm-scale
?rﬁ 'ta. A) o % . o {o/cm2/kyr) (no./mi) (Ma) Chron [ ooze with dispersed clasts == with d?spersed clasts laminae
} St G Light greenish grey diatom ;
0O 20 400 1 2 3010 20 30 Y cm-scale
P R A P O T S MO T N 3'33Q silty c?ay with d?spersed clasts Bl Greenish grey clay laminae
70 70 | | | 5 59[M C2An-3n Sand Diatom component  lwd dark color
75 75 - - . - IRD MAR ) Ba-Excess
Depth (g/cmkyr) AlLOJTIO, Mn/Al (ppm)
80 80 (mbsf-A) o 1 2 10 20 0 0.05 0 30000 60000
10H PR T R ; 1 L . 1 L . 1 L
. 1 ] ]
85 85 | + - . 1
o0 - ] | )
90 1 11H % 105 - . .
418
| a5 E - | C3n.1n
* f E— 4.30.
100~ 12H 100 | 3 ] ] 4 ] ] ]
105 105 . . .
110 _5 . - -
110 || 13H 110 4 1 - 14.49 @
Can.2n o ——
115 115 . . . (0]
4.63 1 a8l 1 : .
120 || 14H 120 ] 1 : ¥
478 1T
125 125 - - . . I G330 445 2| 1 - -
4.89 =
15H =
130 | 130 1 1 00 %
~Jj canan ] . ] ]




Marine Isotope Stage 31 at ~1 Ma /
. nannofossil total

abundance plot

1165* A Magnetostratigraphy oxygen isotope
e .- N/mm? 50
B j & | Mbsf Age Polarity |0 . 215 :5 :
:;,L\ B Wi ':). 0 E |
&b o5 5
LS g f“ .f-}:‘ 2= é Cg
¢ 187 3
C1in ! %’
4 ‘ .
B ! 19\ 2
! Q
. 6- % % 5 &
£ o| |Cir1r 2 E
. .;,c;.-"“.: -8 a I
o s-a = 5
3 :
® Leg 188 Sites 2
km 10 C1r.1n -g E
—p——J— < :
0 50 100 2 E
Mercator Projection 124 S ;
5 i
14~ 3 i
_ 1r. r = .
Villa et al., 2008 B e S i
Florindo et al., 2003 1615 O |

Warnke et al., 2004



_—
—~

QAGU PUBLICATIONS U — N

Paleoceanography and Paleoclimatology

RESEARCH ARTICLE  Polar Frontal Migration in the Warm Late Pliocene:
10:1002/2017PA003225 Diatom Evidence From the Wilkes Land Margin,

Key Paints: _ East Antarctica marlne ISOtOpe Stage

« Pliocene cooling on the Wilkes Land
margin was interrupted by an B. I. Taylor-Silva' and C. R. Riesselman'?

‘excursion to warmer subantarctic
conditions dusing theunique MS KM3 'Depantment of Geology, University of Otago, Dunedin, Mew Zealand, *Department of Marine Science, University of Otago, — a
« Revisiting published records shows [ ] [

that the KM3 excursion was produced Dunedin, New Zealand

a) Modern frontal positions b) Late Pliocene interglacial polar front
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Temperature ° C

Wilkes Land margin (East Antarctic)

Two way time seconds
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Donda et al., 2003, De Santis et al., 2003, Escutia et al., 2010




Link between extended Antarctic warmth and ice loss from the Wilkes Subglacial Basin
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45 years after the Antarctic first leg.....

‘West Antarctic Ice Sheﬁe‘tﬂlgtor‘yﬂ :*: —
IODP Exp. 374 (Ros$Sea) ===

Laura De Santis OGS Trieste, IT
Rob McKay Victoria Univ. Wellington, NZ
Denise Kulhanek Texas AM Univ., USA
all shipboard party

& |ODP

INTERNATIONAL OCEAN
Y DISCOVERY PROGRAM

EXxciting results are coming soon!!
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‘high’ CO2 world
(>1000 ppmv)
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global sea level changes of up
to 20 m amplitude


https://www.youtube.com/watch?v=z8SgzgeQCPA

And on the SCAR Past Antarctic Ice Sheet dynamics program: http://www.scar-pais.org



https://www.youtube.com/watch?v=z8SgzgeQCPA
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The first Antarctic DSDP The IODP Exp. 374 — 2018
Leg 28— 1973 ; 31 scientists 12 females (40%)
12 scientists 2 females Happy blrthday one as co-chief and
one as 1 scientist and IODP one as staff scientists

one as 1 typist 22 technical staff 8 females (36%)
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INTERNATIONAL OCEAN
DISCOVERY PROGRAM

Photo Courtesy: W. Crawford



...BUt we see
just the tip of
the iceberg!




 What will be the rate of the future
significant ice sheet disintegration?

e How far are we from the next ice sheet
— mstablllty tipping pomts'-’
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