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Southern Ocean, recent 
changes

IPCC SR on cryosphere and oceans



Warm(ish) water lurking nearby…

Escutia et al., 2019



Climate history… with future projections



Tectonic evolution of the Cenozoic Southern Ocean

Gplates



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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Ages of drill cores offshore Antarctica
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Tools – quantitative SST

• Biomarker records (TEX86 and UK
37)

• Viscoelastic adaptation of cell membranes 
to ambient temperatures

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

• Many possible confounding factors, all 
removed in the data shown

Tierney and Tingley, 2015



approach: dinocysts as fingerprint

Fingerprints for:

▪ sea ice cover

▪ nutrients/upwelling

▪ ocean temperature

Bijl et al., 2013 PNAS

Houben, Bijl et al., 2013 Science

Sangiorgi, Bijl et al., 2018 Nat. comms

Microplankton as indicator for ocean change
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Plate S1



Sea surface temperature history of Tasmania





Ages of the drillcores from offshore Antarctica



Pollen of the Baobab tree… from Antarctica

Lineth Contreras, Joerg Pross and others



Tropical rainforest vegetation!

Lineth Contreras, 

Joerg Pross and others





C17n

C16n.2n

C16n.1n

C15n

C13n

C12n

la
te

 E
o

c
e

n
e

O
lig

o
c
e

n
e

A
g
e

 (M
a
)

 30 

 31 

 32 

 33 

 34 

 35 

 36 

 37 

Prydz Bay

Wilkes Land Margin

Weddell Sea

Oi-1

>60% 10-30% <10%

lim
ite

d
 g

la
c
ia

tio
n

fu
ll g

la
c
ia

tio
n

739

?

1356

1360

696

Relative abundance of Protoperidiniaceae 

 0.5  1.5 2.5

Central Pacific

deep-sea oxygen isotope

record

‰ vPDB

Selenopemphix cf. antarctica

Malvinia escutiana

CRP-3

Cape Roberts

Figure 3

EOT

New Zealand

Australia

East Antarctica
West Antarctica

South America

1172

Seymour

Island

U1356

Tasmania





Penguin evolution





Sangiorgi et al., 2018



Decreasing Neogene 
SST gradients?

Hou et al., in review

SST gradient in subtropical gyre increases
SST gradient between STF and AA margin decreases
due to northward expansion of subpolar conditions?





Climate history… with future projections


	Dia 1: The climatic history of Antarctica and the Southern Ocean
	Dia 2: Southern Ocean, recent changes
	Dia 3: Warm(ish) water lurking nearby…
	Dia 4: Climate history… with future projections
	Dia 5: Tectonic evolution of the Cenozoic Southern Ocean
	Dia 6: Approach:
	Dia 7: Sedimentary archives
	Dia 8
	Dia 9
	Dia 10
	Dia 11
	Dia 12: Approach:
	Dia 13
	Dia 14: Approach:
	Dia 15: Tools – quantitative SST
	Dia 16: approach: dinocysts as fingerprint
	Dia 17
	Dia 18
	Dia 19
	Dia 20
	Dia 21: Pollen of the Baobab tree… from Antarctica
	Dia 22: Tropical rainforest vegetation!
	Dia 23
	Dia 24
	Dia 25
	Dia 26: Penguin evolution
	Dia 27
	Dia 28
	Dia 29: Decreasing Neogene  SST gradients?
	Dia 30
	Dia 31: Climate history… with future projections

