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Reconstructing lake evaporation extent from simultaneous measurement of D/H ratios on 
aquatic and terrestrial lipids: a proof of concept 

Pratigya J. Polissar, Lamont Assistant Research Professor, Lamont-Doherty Earth Observatory 
Abstract. The isotopic composition of lake water is a widely used tool to reconstruct past changes in 
climate.  Evaporation increases the δ18O and δD of lake water, providing a sensitive indicator for regional 
aridity.  However, the lake water δ18O and δD values also depend upon the isotopic composition of the 
water flowing into the lake – a value that is usually not known.  Hydrogen isotope analysis of lipid 
biomarkers from lake sediments has the potential to circumvent this issue, providing a record for the 
isotopic composition of lake water and precipitation δD.  Lake water is the ultimate source of hydrogen 
in lipids from algae and littoral macrophytes growing in the lake.  Thus the δD value of these lipids 
should reflect lakewater δD.  Likewise, precipitation is the ultimate source of hydrogen in lipids from 
watershed vegetation (trees, shrubs and grasses) and these lipids should reflect precipitation δD. Lipid 
molecules unique to each of these sources are present in lake sediments, providing the potential for 
determining two useful climate values: the isotopic composition of precipitation and the evaporative 
enrichment of lake water over precipitation.  This proposal will investigate the controls on aquatic and 
terrestrial lipid δD values from a suite of surface lake sediments.  The goal is to evaluate i) which 
molecules best track water δD values and ii) how well the isotopic difference between aquatic and 
terrestrial lipids tracks lakewater evaporative enrichment.  The results from these surface sediments will 
be applied to a Holocene lake sediment record from the Venezuelan Andes to provide a proof-of-concept 
dataset. 

Background and Rationale. Particularly useful for paleoclimate studies are the isotopic composition of 
precipitation, the lake inflow/evaporation ratio and relative humidity.  The isotopic composition of 
precipitation is a sensitive indicator of the atmospheric water balance and large-scale atmospheric 
circulation (Gat, 2000), which can change in response to past climate perturbations.  The inflow-
evaporation ratio and relative humidity reflect the local climate conditions and may be used to infer past 
changes in regional aridity.  Because lakewater isotopic enrichment is sensitive to these factors (Figure 1) 
(Gonfiantini, 1986) it is often a target for paleoclimate studies that seek to reconstruct aridity. 

The hydrogen isotopic composition of plant leaf waxes preserved in lake sediments can be used to 
reconstruct past changes in the isotopic composition of precipitation.  The waxy coating on plant leaves 
contains a variety of lipids including linear alkanes (n-alkanes). Recently published n-alkane δD analyses 
demonstrate the utility of this measurement for 
paleoprecipitation studies. These studies show that plant-wax 
δD reflects the isotopic composition of precipitation (Polissar 
and Freeman, 2010; Sachse et al., 2004) and can be used to 
reconstruct past precipitation δD values (e.g. Polissar et al., 
2009b; Tierney et al., 2010).  Long-chain n-alkane plant wax 
δD values have already been measured on the surface 
sediments I propose to study (Polissar and Freeman, 2010). 

Recent work has also demonstrated the potential of submerged 
macrophyte and algal lipids as recorders of lakewater δD.  
Preliminary analyses of surface sediments from Andean lakes 
(Polissar, unpublished data; lakes described in Polissar and 
Freeman, 2010) indicates the widespread occurrence and high 
abundance of lipid biomarkers from the green alga 
Botryococcus braunii and various diatom species.  These lipids 
should be useful to reconstruct changes in lakewater δD. In 
particular the occurrence of botryococcene hydrocarbons 

 
Figure 1 – Effects of aridity (humidity 

and inflow/evaporation) on lakewater δD 
enrichment.  Increasingly arid climate 

conditions result in progressive 
enrichment of lakewater δD. 
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