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Abstract. 
The Southern Ocean plays a major role in regulating carbon dioxide in Earth’s atmosphere. Various 
physical and biological processes in the Southern Ocean are thought to work in tandem to drive 
atmospheric CO2 changes on glacial/interglacial timescales. One of the hypothesized processes is an 
increase in the efficiency of the biological pump, likely fueled by enhanced iron input during glacial 
times. Dust is the primary carrier of iron to the ocean and it is well documented that glacial periods in 
Earth’s history have been far dustier than warmer periods (Petit et al., 1999; Winckler et al., 2008).  A 
recent study (Martínez-Garcia et al., 2009) found that natural iron fertilization and export production 
increased in the Sub-Antarctic Atlantic Ocean during ice ages over the past 1.1 million years. However, in 
the Pacific, the largest Southern Ocean sector, reliable sediment records are sparse.  A collaboration with 
researchers at the Alfred Wegner Institute, Germany, who recently retrieved sediment cores from the 
South Pacific, provides the first possibility to close this gap in our understanding of Southern Ocean 
processes.  
 
We seek Climate Center funds to study glacial/interglacial changes in dust flux to the sub-Antarctic 
Pacific Ocean over the past 300,000 years.  We will measure sedimentary leaf wax n-alkanes from three 
cores in the region as a proxy for continental dust input.  The data will be combined with records of 
export production and traditional inorganic dust proxy methods to build a complete picture of how dust 
and productivity are linked in the sub-Antarctic Pacific.  Further, we will measure carbon and hydrogen 
isotopes on the leaf waxes in order to observe whether large-scale changes in the hydrological cycle 
occurred in Australia, the likely dust source to the South Pacific, on glacial/interglacial timescales.  
We seek financial support from the Climate Center to support Frankie Pavia, a DEES undergraduate 
student (rising senior) to conduct this research over the summer, as a basis for his senior thesis in the 
academic year 2013/2014. We plan to leverage the pilot data set, expected to result from this work, into a 
grant proposal to the NSF program ‘Paleo Perspectives on Climate Change’, due in October of 2013. 
 
Background and Proposed Research.  
The mechanism for atmospheric CO2 variations between glacial and interglacial periods is poorly 
understood.  Physical and biological changes in the Southern Ocean are thought to work in tandem to play 
a major role in regulating these shifts (Jaccard et al., 2013; Martínez-Garcia et al., 2009; Sigman et al., 
2010).  Marine phytoplankton productivity in the Southern Ocean is known to be limited by the scarcity 
of iron (Martin et al., 1990) and/or light (Sunda and Huntsman, 1997), and unused macronutrients are 
returned back to the ocean interior by the ocean circulation as ‘pre-formed’ nutrients, thus representing a 
missed opportunity for the biological sequestration of CO2 in the ocean interior (Marinov et al., 2006). 
One of the first hypotheses for increasing the efficiency of the biological pump was an increase in 
productivity during glacial times (Sarmiento and Toggweiler, 1984), that could possibly be fueled by 
increased dust, and therefore iron input during glacials. Previous studies have investigated glacial changes 
in productivity both north and south of the Antarctic Polar Front (APF) in order to determine the 
importance of meridional variations in stratification and export production in Atlantic sector of the 
Southern Ocean (Anderson et al., 2002; Martínez-Garcia et al., 2009; 2011). Research in the sub-
Antarctic Atlantic has found evidence that supports this hypothesis on glacial-interglacial timescales 




