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It is generally believed that the Cenozoic Antarctic ice sheet history started 
at the Eocene-Oligocene boundary (34.44-33.65 Ma), when small isolated ice 
caps grew into a continental-scale ice sheet. Evidence pointing towards the 
appearance of the large terrestrial ice sheet are a ~1.2-1.5‰ increase in the 
global benthic oxygen isotope stack, the deposition of ice-rafted debris close 
to the Antarctic continent at around 34 Ma and a global sea-level fall of about 
50 m. The decisive factors for climate cooling on the Antarctic continent have 
been disputed for a long time and are attributed to a general declining trend 
in the atmospheric carbon dioxide concentrations and/or to the thermally 
isolating effect from the developing circumpolar Antarctic current when the 
Drake Passage and the Tasman Gateway started to open.    
 
In this thesis, the early Cenozoic ice sheet evolution is investigated with a 
novel coupling approach using an emulator to couple an ice sheet model and 
a climate model on a multi-million-year timescale. The use of an emulator 
allows the detailed prediction of the actual forcing based on a large number 
of preliminary climate model runs. Additionally, the uncertainty for a given 
climate state can be quantified. The novel coupling method is applied to the 
late Eocene to investigate the ice sheet behaviour prior to the Eocene-
Oligocene boundary up to the Oligocene. Recent interpretations from 
geochemical and geomorphic proxies suggest that during the late Eocene, the 
Antarctic ice sheet might have temporarily reached a continental scale. Our 
modelling approach, forced with the latest set of carbon dioxide 
reconstructions, shows that the Antarctic ice sheet could grow during the late 
Eocene for CO2 values between 600 and 900 ppmv, a wide range determined 
by uncertainties in the elevation of the underlying topography. The threshold 
for deglaciation is 170-190 ppmv higher than the glaciation threshold. This 
difference is attributed to the hysteresis behaviour of ice sheets and arises 
because the continental-scale Antarctic ice sheet has a much lower surface 
temperature compared to an ice-free continent. The hysteresis effect can also 
be expressed in terms of a mean annual temperature difference needed to 
melt or initiate the ice sheet growth on the Antarctic continent and ranges 
between 3.5˚C and 5.5˚C.  
 
The increase in the benthic oxygen isotopes at the Eocene-Oligocene boundary 
provides information on the magnitude of terrestrial ice volume expansion 
and oceanic deep-water cooling. To disentangle the signal, the ice sheet 
oxygen isotope content has been modelled. It is found that the late Eocene 
benthic oxygen isotope excursions can be explained by an increase in the ice 
volume on the Antarctic continent. Our simulations indicate that the ice 
volume expansion on the Antarctic continent at the start of the Oligocene 
explains about 2/3rd of the total benthic oxygen isotope excursion. Hence, 
cooling of the ocean water should have been responsible for the remainder 
1/3rd of the global change in the benthic oxygen isotopes.  
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