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Abstract. 
The initiation and intensification of polar glaciation is one of the major climate transitions of the 
Cenozoic.  Antarctica played a key role in this transition with the development of mountain glaciers 
during the Eocene, a large ice sheet at the Eocene-Oligocene boundary and a major ice sheet during the 
mid-Miocene. Much of our knowledge about this transition comes from globally distributed marine 
isotope records and detailed stratigraphy from the Antarctic margin.  Less is known about the evolution of 
terrestrial Antarctic climate during this period.  The goal of this proposal is to evaluate the record of 
continental climate preserved in the molecular biomarker composition of marine sediments on the 
Antarctic shelf.  Results from these untapped sediment archives could provide estimates for ocean 
temperature, land surface temperature and the hydrogen isotopic composition of precipitation, potentially 
constraining the sensitivity of Antarctic climate over the Cenozoic to declining CO2 concentrations and 
the transport of moisture to the continent. 

Proposed Research.  
Introduction.  The evolution of global climates from the warm greenhouse conditions of the early 
Cenozoic to the ice-house climates of the late Cenozoic is one of the major transitions that shaped the 
modern world (1).  Key steps in this transition involved the establishment and expansion of ice sheets in 
earth’s polar regions.  Understanding why this transition occurred will be useful for evaluating the 
sensitivity of earth’s cryosphere to future global warming.   

Antarctica played a key role in this transition. Ice-free conditions during the Paleocene gave way to 
mountain glaciers during the Eocene with evidence for short-lived but extensive ice sheets.  A dramatic 
increase in ice volume at the Eocene-Oligocene boundary was followed by reduction in ice volume during 
the Oligocene.  Temperatures warmed into the mid-Miocene climatic optimum when a major expansion 
of ice signaled the establishment of the modern Antarctic cryosphere. 

Several causes have been proposed for glaciation of Antarctica.  Thermal isolation of Antarctica was 
thought the most likely, with the opening of oceanic gateways and establishment of modern circumpolar 
ocean currents cooling Antarctica by limiting the advection of warm subtropical waters into polar 
latitudes.  However, the timing of gateway opening is not always easy to establish, leading to uncertainty 
in the cause-and-effect relationship between Antarctic climate and gateways.  Furthermore, models of 
ocean circulation suggest that opening of at least some of the gateways would not have had a large effect 
on oceanic poleward heat transport (2).  More recently, declining atmospheric carbon dioxide 
concentrations are thought the more likely culprit.  Simulations using an ice sheet model coupled to a 
global climate model suggest a CO2 threshold for major expansion of ice on Antarctica (2).  Declining 
atmospheric CO2 concentrations during the Eocene led to cooling of the Antarctic continent below this 
threshold and resulted in the major expansion of a permanent ice sheet. 

There is good evidence for declining CO2 concentrations in the Eocene and early Oligocene at about the 
time of major Antarctic glaciation (E-O boundary) (3).  However, there are far fewer data directly 
constraining terrestrial Antarctic climate across this interval.  Prior to major ice sheet expansion did 
Antarctic temperatures gradually decline in response to decreasing CO2 concentrations?  What was the 
temperature threshold for major Antarctic glaciation?  How did poleward advection of moisture respond 
to cooling and affect ice growth? 

Recent data based upon chemical weathering indices suggest gradual cooling in the Wilkes Land and 
Prydz Bay regions (Fig. 1) from early Eocene to middle Miocene times (4).  These same analyses suggest 
an abrupt aridification at the E-O boundary, with precipitation amounts declining by over 50%.  Pollen 
and organic geochemical-based temperature reconstructions likewise suggest cooling between the early 
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