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Abstract 
Minor and trace elements in foraminiferal carbonates serve as valuable proxies for 
paleoceanographic studies, but a method to measure multiple foraminiferal ratios has not been set 
up at Lamont. We request $8,000 to set up an ICP-MS method to determine 10 element/Ca ratios 
(Li/Ca, B/Ca, Mg/Ca, Al/Ca, Mn/Ca, Zn/Ca, Sr/Ca, Cd/Ca, Ba/Ca, and U/Ca) simultaneously with 
precisions within ~3% (RSD) for foraminiferal samples as small as 60 µg. We aim to use the 
method to measure benthic B/Ca for deep ocean carbonate ion reconstructions as well as other 
projects. The method will also benefit other researchers at Lamont using foraminiferal element/Ca 
ratios for paleoceanographic studies. 
 
1. Introduction 

The use of foraminiferal carbonate element/Ca ratios for paleoceanographic studies is now 
common and has provided useful information about past climate changes during the past decades. 
For example, the planktonic Mg/Ca thermometer is one of the most extensively used and studied 
proxies1, 2. When planktonic Mg/Ca and δ18O are used together, they can provide important 
information about seawater δ18O, salinity, and hence ice volume variations in the past. Recently, 
some other element/Ca proxies have been developed. Planktonic Cd/Ca has been used to estimate 
surface water nutrient (PO4) concentrations3, and planktonic Li/Ca and B/Ca ratios may reflect 
surface water carbonate chemistry4, 5. Benthic B/Ca can be used to estimate deep water carbonate 
ion (hereafter CO3

2-)6. These reconstructions of surface and deep oceans are important to understand 
mechanisms for glacial-interglacial atmospheric CO2 changes. Changes in some foraminiferal ratios, 
such as planktonic Cd/Ca3, B/Ca5 and U/Ca7, are affected by more than one factors. A multiple ratio 
approach may separate influences from various reasons and hence provide valuable information 
about past physical and chemical seawater conditions. This has proved feasible for planktonic 
Cd/Ca3 and B/Ca5, when combined with Mg/Ca ratios, for surface nutrient and PCO2 estimations, 
respectively. In this proposal, we plan to setup an ICP-MS method to measure 10 element/Ca ratios 
in foraminiferal carbonates. 
 
2. ICP-MS method development 

We aim to set up a method very similar to that described in Yu et al.8. The ICP-MS method can 
measure 10 element/Ca ratios (Li/Ca, B/Ca, Mg/Ca, Al/Ca, Mn/Ca, Zn/Ca, Sr/Ca, Cd/Ca, Ba/Ca, 
and U/Ca) simultaneously with precisions within ~3% (RSD) for foraminifera samples as small as 
60 µg (Fig. 1). Reliable measurements of B/Ca have been very challenging due to many issues such 
as high B blank and memory influences. The PI has learned how minimize these influences when 
developing the method at University of Cambridge. All isotopes are measured in the pulse mode at 
the [Ca] of 100 ppm to avoid cross calibration and matrix effect corrections. Furthermore, the PI has 
obtained an aliquot of concentrated standards from Cambridge, which significantly facilitates the 
method development and also avoids any inter-laboratory offsets in ratios between Cambridge and 
Lamont. Determination of multi-ratios has the advantages of defining timing of different ratio 
records, improving correlations, and saving sample size, analytical time and labor. 

 




