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Southern Ocean, recent

Antarctic Surface waters Surface waters Circumpolar winds  Antarctic bottom Upper-ocean Southern Ocean
Circumpolar in northern part of  in southern partof ~  have strengthened water has become  coverturning eddy field

Current Southern Ocean Southern Ocean since 1960s-1970s less voluminous in circulation has intensified since
has shown have warmed have freshened {Box 3.1;3A.1.3} Southern Ocean has been the early 1990s (++)
minimal change in ~ since 1980s (+++)  and cooled since and globally since  characterised by

transportduring  {3.2.1.2;5.2.22}  1980s (--) 1980s (--) decadal

instrumental {321.2;5.222} {3.21.2,5.2.22} variability (~)

record (==) - o . o

Subtropical surface waters warmed
Subpolar surface waters cooled/ freshened

Atmospheric circulation strengthened

Eddy field increased

Is Southern Ocean CO, source or sink?

Teleconnections to Antarctic ice sheet?

IPCC SR on crvosphere and oceans



Warm(ish) water lurking nearby...
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Climate history... with future projections
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Tectonic evolution of the Cenozoic Southern Ocean
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Approach:

» Obtain the sedimentary archive
> Assess time in the sediments

» Analyse the archive and reconstruct
past conditions!

It will be fun!
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Tools of Exploration

Advanced Extended Rotary
Piston Core Core
Corer Barrel Barrel
(APC) (XCB) (RCB)
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Approach:

v’ Obtain the sedimentary archive
> Assess time in the sediments

» Analyse the archive and reconstruct
past conditions!

It will be fun!




Ages of drill cores offshore Antarctica

Hole U1356A

Seismic  Core
reflector recovery !
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Approach:

v’ Obtain the sedimentary archive
v’ Assess time in the sediments

» Analyse the sediments and
reconstruct past conditions!

It will be fun!




Tierney and Tingley, 2015

Tools — quantitative SST

HWQ V. orrorereho

* Biomarker records (TEXq, and UX,)

* Viscoelastic adaptation of cell membranes 07|
to ambient temperatures

* Uses modern core top data to calibrate to
mixed layer temperatures (SST)

> 70 Latitude 1

* Many possible confounding factors, all o S 270" Latiuce
removed in the data shown 270 5 10 15 20 25 0




Microplankton as indicator for ocean change

Fingerprints for: Biil et al., 2013 PNAS
Houben, Bijl et al., 2013 Science
® geg ice cover Sangiorgi, Biil et al., 2018 Nat. comms
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Sea surface temperature history of Tasmania
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Ages of the drillcores from offshore Antarctica

Hole U1356A
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Pollen of the Baobab tree... from Antarctica
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Penguin evolution

FINDINGS

A Panoply
of Penguins

Fossil discoveries and analyses of
DNA from modem-day penguins
suggest that this distinctive group

of birds got its start while dinosaurs
still roamed the earth. The oldest
known fossil penguins hail from
what is now New Zealand and date
to between 62 million and 58 miillion
years ago. The catastrophic event
that extinguished the dinosaurs and
other temrestrial and marine preda-
tors allowed penguins to thrive in
the balmy waters around the sub-
merged mini continent of Zealandia.
Then, around 50 million years ago,
penguins suddenly started spreading
across the Southern Hemisphere,
probably thanks to a key evolution-
ary innovation: a countercurrent
heat exchanger called the humeral
arterial plexus that helped the birds
maintain core body temperature in
cool water. As penguins dispersed,
they evolved a tremendous diversity
of sizes and shapes—much more
than modem penguins exhibit. The
evolutionary tree at the bottom right
shows the relations of a number of

penguin species.
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ARTICLE

OPEN

Southern Ocean warming and Wilkes Land ice

sheet retreat during the mid-Miocene

Francesca Sangiorgi®1, Peter K. Bijl1, Sandra Passchier?, Ulrich Salzmann3, Stefan Schouten®, Robert N\cKay6,

Rosemary D. Cody6, Jorg Pross’, Tina van de Flierdt® 8 Steven M. Bohatyg, Richard Levy®1o,

Trevor Williams!!, Carlota Escutia@12 & Henk Brinkhuis'#
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Decreasing Neogene
SST gradients?
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REVIEW SUMMARY

SEA-LEVEL RISE

Sea-level rise due to polar ice-sheet
mass |oss during past warm periods

A. Dutton,* A. E. Carlson, A. J. Long, G. A. Milne, P. U. Clark, R. DeConto, o
B. P. Horton, S. Rahmstorf, M. E. Raymo El C
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Average Global Suface Temperature
Difference to 19611990 (°C)

Climate history... with future projections
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