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Abstract 

Insight into causes of ice sheet variability over a range of time scales is fundamental to our 

understanding of Earth system response to climate change. Furthermore, there is a need to 

understand long-term commitments to future sea level rise and the potential for ice sheet 

‘recovery’ if emissions mitigation is able to limit or reverse warming. It is well understood 

that fluctuations in the volume and extent of Antarctica’s ice sheets (AIS) are primarily 

controlled by changes in global climate due to orbital variations in incoming solar radiation, 

surface reflectivity (albedo), and greenhouse gas concentrations. Regional changes in ocean 

circulation also have an effect. Furthermore, the AIS is sensitive to changes in topography 

over longer time periods1-3. However, questions remain regarding the role that these different 

drivers have played in controlling ice sheet variability through time. Reconstructions of past 

ice sheet behaviour from the geological record offer a means to examine the influence of 

predictable orbital variations and to identify critical planetary thresholds that have affected 

ice sheet behaviour. These ice sheet reconstructions are often derived from far field records, 

which provide highly resolved, near continuous records over the past 34 million years4-8. 

However, ice sheet proximal data are required to constrain interpretations based on far-field 

data. 

 

More than forty years of scientific drilling and seismic data acquisition along the Antarctic 

margin provides a direct record of AIS variability. Drill cores recovered from the Ross Sea 

region provide a composite stratigraphy that spans the past 34 million years9-14. Extensive 

marine seismic surveys across the region define stratigraphic packages that are linked to 

glacial and tectonic processes and help constrain glacial history. Importantly, the location of 

these stratigraphic archives captures the evolution of ice sheets in both East and West 

Antarctica. We have established an integrated stratigraphy for the Ross Sea using new 

biostratigraphic data15 and revised core descriptions. This integrated framework offers a clear 

and coherent history of AIS variability and extent since the inception of isolated ice caps on 

Antarctica’s continental highs and coastal mountain ranges in the late Eocene. Whereas 

orbital forcing played an important role in AIS growth and retreat on glacial-interglacial 

timescales, proxy environmental data highlight thresholds in the climate system, across which 

the nature and behaviour of the AIS fundamentally shifted. Importantly, these transitions 

suggest that the AIS was sensitive to changes in atmospheric CO2 concentration the were 

similar to values projected for the coming decades. Collection of new geological data from 

regions that are most vulnerable to climate change are required to test and build on our 

current understanding of AIS sensitivity. Our community challenge is to identify, fund, and 

drill these locations soon! 

 

keywords: Scientific drilling, carbon dioxide, orbital forcing, ice sheet sensitivity. 



Past Antarctic Ice Sheet Dynamics (PAIS) Conference September 10-15th 2017, Trieste - Italy 

 

References 

1 Wilson, D. S. et al. Antarctic topography at the Eocene–Oligocene boundary, 2012. Palaeogeography, 

Palaeoclimatology, Palaeoecology 335–336, 24-34, doi:10.1016/j.palaeo.2011.05.028. 

2 Wilson, D. S. & Luyendyk, B. P. West Antarctic paleotopography estimated at the Eocene-Oligocene 

climate transition, 2009. Geophysical Research Letters 36, 1-4, doi:10.1029/2009GL039297. 

3 Gasson, E., DeConto, R. M., Pollard, D. & Levy, R. H. Dynamic Antarctic ice sheet during the early to 

mid-Miocene, 2016. Proceedings of the National Academy of Sciences 113, 3459-3464, 

doi:10.1073/pnas.1516130113. 

4 De Vleeschouwer, D., Vahlenkamp, M., Crucifix, M. & Pälike, H. Alternating Southern and Northern 

Hemisphere climate response to astronomical forcing during the past 35 m.y., 2017. Geology 45, 375-

378, doi:10.1130/g38663.1. 

5 Holbourn, A., Kuhnt, W., Kochhann, K. G. D., Andersen, N. & Sebastian Meier, K. J. Global 

perturbation of the carbon cycle at the onset of the Miocene Climatic Optimum, 2015. Geology 43, 

123-126, doi:10.1130/g36317.1. 

6 Lisiecki, L. E. & Raymo, M. E. A Pliocene-Pleistocene stack of 57 globally distributed benthic d18O 

records, 2005. Paleoceanography 20, 1-17, doi:10.1029/2004PA001071. 

7 Liebrand, D. et al. Evolution of the early Antarctic ice ages, 2017. Proceedings of the National 

Academy of Sciences 114, 3867-3872, doi:10.1073/pnas.1615440114. 

8 Zachos, J. C., Dickens, G. R. & Zeebe, R. E. An early Cenozoic perspective on greenhouse warming 

and carbon-cycle dynamics, 2008. Nature 451, 279-283. 

9 Barrett, P. J. & Hambrey, M. J. Plio-Pleistocene sedimentation in Ferrar Fiord, Antarctica, 1992. 

Sedimentology 39, 109-123. 

10 Fielding, C. R. et al. Sequence stratigraphy of the ANDRILL AND-2A drillcore, Antarctica: A long-

term, ice-proximal record of Early to Mid-Miocene climate, sea-level and glacial dynamism, 2011. 

Palaeogeography, Palaeoclimatology, Palaeoecology 305, 337-351, doi:10.1016/j.palaeo.2011.03.026. 

11 McKay, R. et al. The stratigraphic signature of the late Cenozoic Antarctic Ice Sheets in the Ross 

Embayment, 2009. Geological Society of America Bulletin 121, 1537-1561, doi:10.1130/b26540.1. 

12 Florindo, F., Wilson, G. S., Roberts, A. P., Sagnotti, L. & Verosub, K. L. Magnetostratigraphic 

chronology of a late Eocene to early Miocene glacimarine succession from the Victoria Land Basin, 

Ross Sea, Antarctica, 2005. Global and Planetary Change 45, 207-236, 

doi:10.1016/j.gloplacha.2004.09.009. 

13 Hayes, D. E. et al. Sites 270, 271, 272, 1975. Initial Reports of the Deep Sea Drilling Project 28, 211-

334. 

14 Hambrey, M. J., Barrett, P. J., Robinson, P. H. & Barrett, P. J. e. Stratigraphy Antarctic Cenozoic 

history from the CIROS-1 drillhole, McMurdo Sound, 1989. DSIR Bulletin 245, 23-48. 

15 Crampton, J. S. et al. Southern Ocean phytoplankton turnover in response to stepwise Antarctic cooling 

over the past 15 million years, 2016. Proceedings of the National Academy of Sciences 113, 6868-

6873, doi:10.1073/pnas.1600318113. 

 

 


