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pressure Colder ocean temperatures

produce fewer cyclones.
Arctic eventually reverts to

high-pressure phase

Winds dimumsh
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Fresh water caps North Atlantic surface,
Fresh water and ice leak out of .- inhibiting flow of warmer North Atlantic

gyre and into North Atlantic 8 LCurrent and cooling regional climate
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Iceberg discharge into the Atlantic Ocean
'HEINRICH EVENTS'
60 - 45 - 35 - 20 - 12 thousands of years ago
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8200 years ago: a rapid global cooling fllowing a warming period, lasted 100 years
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Based on current understanding, only the collapse of marine-
based sectors of the Antarctic ice sheet, if initiated, could
cause global mean sea level to rise substantially above the
likely range during the 21st century....IPCC AR5, 2013

Sources listed in Church et al. IPCC (2013)
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RCP 2.6

Representative
(greenhouse gas)
Concentration
Pathways (RCPs)
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Still open questions:

When did the Arctic
Ocean begin having
Its modern
configuration?

When did the Fram Strait
and bering Strait fully
open?

What's the origin of the
Arctic Ocean ridges?
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&. Engen et al. / Tectonophysics 430 (2008) 51-69
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Fig. 4. Plate tectonic reconstruction of the Fram Strait region to Chron 13 times (earliest Oligocene), when relative plate motion between Greenland and Eurasia
changed from right-lateral shear to obligue divergence (arrows). Area of crustal overlap (dark grey) indicates crustal stretching and thinning prior to breakup of the
Lena Trough. The Sophia Basin (SB) may be a failed Eocene attempt to connect the Eurasia Basin and the Norwegian—Greenland Sea and might have facilitated early
water exchange. WSFTB, West Spitsbergen Fold and Thrust Belt; other abbreviations as in Figs. | and 2.
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1 June 2006 | www.nature.com/nature | $10
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L'ltalia (Prof. D. Rio Univ.
Padova,
micropaleontologo) ha
partecipato all’'unica
perforazione profonda
effettuata nell’Oceano
Artico dall'Integrated
Ocean Drilling Program, il
leg 301 IODP ACEX del
2004.

Durante tale leg sono stati
prelevati 400 m circa di
sedimenti sul Lomosonov
ridge
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La perforazione ha rivelato che le glaciazioni sono piu antiche di quanto si era
~ precedentemente stimato: ci sono IRD (Ice rafted debris) trasportati da icebergs e/o
~ sea ice fino al entro dell’Artico e rilasciati in sedimenti di 17 milioni di anni.

Vidar Viking could keep its position for max. 9 day
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Eéismic Reflection Cross-Section of the

Lomonosov Ridge (AWI-921091) at ~87 40'N
Jokat et .11 1992;: 1995

Terminal Depths:
Site MOOO1:

Site M0002: 272.7 m
Site M0003: 15.0 m
Site M0004: 427.9 m
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IODP leg 302 in the Arctic Ocean (2004)

Co-chiefs: Backman, J., Moran, K., Evans, D.,

. Provided the timing of the deep—water connection to the North
Atlantic Ocean of the Arctic Ocean: a key driver of the deep—water
formation in the North Atlantic and Arctic Oceans, which in turn is a key
driver of global climate.

. Confirmed that the Lomonosov Ridge is constructed of
continental crust, genetically linked to the Barents Shelf.

. Revealed that the Cenozoic cooling in the Arctic occurred 17
Ma and possibly of 46 Ma ago, synchronously with that in the Antarctic,
contrary to previous hypotheses.
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Condizioni ambientali tipiche degli attuali regimi tropicali 55 Milioni di anni fa, con
scarsa ventilazione, acqua dolce e condizioni anossiche (Arctic pond) intorno a 48.5
milioni di anni fa (rocce madri di idrocarburi)
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ACC transport of 100-150 Sverdrups (1 Sv=10% m3 s1).

Mean ACC temperature ranges from -1 to 5°C, depending on the time of year and
location. The mean surface salinity decreases poleward, in general, from 34.9 at 35°S to
34.7 at 65°S.

he ACC extends from the sea surface to depths of 2000-4000 m and can be as wide as
2000 km. ACC flows eastward at 20 cms! in regions between the fronts, driven by strong
westerly winds. The average wind speed between 40°S and 60°S is 15 to 24 knots with
strongest winds typically between 45°S and 55°S.

270°

Attuale

From Baroni, modified
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Figura presa da SCAR/ACCE 2009

PF — Polar Front; SAF — Sub-Antarctic Front; and STF — Subtropical Front

AABW — Antarctic Bottom Water; LCDW and UCDW, Lower and Upper Circumpolar
Deep Waters; NADW — North Atlantic Deep Water; AAIW — Antarctic Intermediate
Water and SAMW — Sub-Antarctic Mode Water (from Speer et al., 2000).
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Pollen from the e. Eocene peak greenhouse conditions
Wilkes Land IODP Site 1356

Polle of ex

Mean Annual T: >13.3 °C
_ Cold Month mean T: >5°C + 3°C
¥ qulen from Wilkes Land Warm Month mean T: >22.8 °C

"
i

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
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A. 50 Ma, Early Eocene B. 33 Ma, Early Oligocene
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Eocene records of Antarctic vegetation and landscape history (e.qg.
Lewis et al., 2007, Hambrey et al., 2007, Wilson et al., 2011).

The Eocene/Oligocene boundary unconformity was crossed by exp.
318, and sub-tropical vegetation was found at 53.6-51.9 Ma in the
early Eocene (Pross et al., 2012).

LETTER |IODP Exp. 318 (2010)

Persistent near-tropical warmth on the Antarctic
continent during the early Eocene epoch

Iorg Pross'?, Lineth Contreras', Peter K. Bijl’, David R. Greenwood”, Steven M. Bohaty”, Stefan Schouten®, James A. Bendle’,
Ursula R6h!1®, Lisa Tauxe®, J. lan Raine'?, Claire E. Huck", Tina van de Flierdt", Stewart S, R. Jamieson'2, Catherine E. Stickley'?,
Bas van de Schootbrugge’, Carlota Escutia', Henk Brinkhuis® & Integrated Ocean Drilling Program Expedition 318 Scientists*

doi:10.1038/nalurel1300

2 AUGUST 2012 | VOL 488 | NATURE
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F. A180 (40.13 Ma)

Barker, 2001, Earth Sciences Review
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Seismic line MAGE 890027 North-east Nelle fasi di massima
10 km —> : S :
espansione i sedimenti
alla base del ghiaccio
sono deposti sul ciglio
del margine

continentale.
10 km North-cast Line BGR 06
= Glacial delta
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Sauli, Busetti, De Santis, Wardell (Marine Geology 2014)

Rebesco M., Urgeles R., Ozmaral A., Coribar Scientific Party,
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B

RCP8.5 2500

— S Mid Pliocene

i 350-400ppm CO,
+3°C global average air,
+3-5°C Antarctic SST (Ross)
+8°C Arctic SAT (Lake E)
GMSL ~ +20m
Up to 7m from GIS
Up to +4m WAIS
Up to +13m EAIS
AIS contribution ?7??

Antarctic octopus (Paraledone turqueti).
Credit: E. Jorgensen, NOAA 2007 DeConto and Pollard 2016 (Nature)
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Ice velocity and ice mass loss/gain _
Rignot et al. (2007)
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3 major types of changes to ice flow rate:
1. Faster ice flow in summer in Greenland
2. Rapidly disintegrating ice shelves

3. Rapid retreat, thinning and acceleration
of outlet glaciers

Dramatic decade of ice sheet behavior
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Source: W. Rack

Requires >10,000
years to form

Disintegrate in
weeks

150 miles: Portland,
to Seattle



(photo credit: R. Braithwaite

Hor Vel (em/day)

Glacier flow increases 10-15%
Slower ice increases up to 70%

(from Joughin et al., 2008)
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Water as a Wedge

air

stable

goes deeper ' - MacAyeal et al., 2003
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Grounding-zones and ice shelf ocean cavities
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HSSW = High Salinity Shelf Water HSSW southward
ASL = Antarctic Slope Current

CDW = Circumpolar Deep Water . dispersion > HSSW formation .
MCDW = Modified Circumpolar Deep Water . b ‘
AABW = Antarctic Bottom Water \ > e g h Victoria "
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|IODP Expedition 374 (2018) Hypothesis to test: The vigor of the Antarctic Slope

Current (ASC), and surface/bottom water variance is the main control on oceanic
heat flux onto the Ross Sea Continental Shelf

AlongSlope Current - moat/drift

Ross Sea

Smith et al., 2012 (oceanography)
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Table 1: Summary of slope transects sampled on the George VY continental shelf.

C( Antarctic Science page 1 of 8 (2010) @ Antarctic Science Ltd 2010 doi:10.1017/50954 102010000180
Station Depthrange Occurrence of Dominant Seafloor image
- Evina sp. CEMRIY. B Physical controls on deep water coral communities on the
{083 400-1200m  Sparea: 800- Maditifn George V Land slope, East Antarctica
220 dansity soft
= i EE i ALEXANDRA L. POST', PHILIP E. O'BRIEN', ROBIN J. BEAMAN?, MARTIN J. RIDDLE?® and
Dense: 300 m (0o ane LAURA DE SANTIS*
!Marine and Coastal Environment Group, Geoscience Australia, GPO Box 378, Canberra, ACT 2601, Australia
School of Earth and Environmental Sciences, James Cook University, PQ Box 6811, Cairns, QLD 4870, Australia
*Environmental Protection and Change, Australian Antarctic Division, Channel Highway, Kingston, TAS 7050, Australia
*Instituto Nazionale di Oceanografia e Geofisica Sperimentale, Borgo Grotta Gigante 42/c, Sgonico, Trieste 34010, Italy
Alix. Post@ga.gov.au
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damasponga De”gh (m)

1000
Hydrocorals
2000
M none

3000  sparse
4000 M dense

In profondita, dove gli iceberg non possono
arare il fondo del mare, sulla testata dei canyon
che convogliano le correnti fredde antartiche,
ricche di nutrienti, esistono colonie di coralli e
spugne
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Direct evidence of West Direct evidence of East
Antarctic Ice Sheet collapse Antarctic Ice Sheet retreat
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2019 IODP Exp. 319

.

2018 I0DP
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History Lesson:
Less ice in warmer climates
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Warmer
less ice

Colder
more ice

mall Antarctic ice sheets? Large to ‘moderate’ Antarchic ice sheets

\

7 —— R g < d—

‘high' CO2 world  'moderate’ CO2 warld

; i 4
(>1000 ppmv) (450-850 ppmv) 1o LR MR (A5 PP

_IIIIII |

‘Modern polar ice

modeled Antarchic glaciation threshold

¥l

=

/
pra-industrial level

I H

- |

Northern Hemisphere permanent
Ice sheets start around 3 million
years ago

Antarctic ice sheet start around 34
million years ago

Projected 2100 CO2 concentrations,
IPCC AR5 RCP8.5

oz fl)  emmmowdmamaen W TAKE US BACK TO WHEN
_‘*.44**&4‘__5 ANTARCTICA DID NOT SUPPORT

ICE SHEETS

Projected 2100 T (°C),

IPCC AR5 RCP8.5

NOT EXPERIENCED IN OUR
PLANET SINCE AROUND 15 Ma
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McKay et al. (2009, GSA Bulletin)

Naish et al., 2009; Nature; Pollard
and DeConto, 2009 (Nature)
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Bed map
Fretwell et al., 2013

Mounlzins -'J.‘f. ]
Dronning Maud . 5

5 s Antarctic
Recovery Glacier TS . ; i bOttom water
2800+ z pathway
v BV Insan
7 Highe
2000 8 T
a’i.ntnrmic :
Paninsula
= 1000
1]
£
5
E 0
E
[:T}
E
[F1] -1000
-2000
=-Z800

Escutia et al., 2010;
Patterson et al., 2014



