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Abstract – The boron isotope paleo-pH proxy has been successfully used to reconstruct ocean pH and 
atmospheric CO2 concentrations for the Pleistocene (Hönisch and Hemming, 2005) and Cenozoic (Pearson 
and Palmer, 2000). The two major obstacles preventing application of the proxy to earlier periods of 
Earth’s history are a probable secular variation in the boron isotopic composition (!11B) of seawater and the 
limited stratigraphic range of foraminifera, for which the proxy has been carefully calibrated. Brachiopods, 
due to their ubiquitous presence in the fossil record, are an excellent candidate for extending boron isotope-
based paleo-pH and CO2 reconstructions to the entire Phanerozoic. We propose a program to test the 
reliability of brachiopod shells to record seawater !11B and ocean pH with measurements of modern 
specimens. With this program we will generate pilot data for a NSF proposal.  
 
Scientific Background – Because the speciation of boron in seawater is pH-controlled, and the stable 
isotope 11B is enriched in boric acid relative to borate, the !11B of the two aqueous species varies as a 
function of seawater pH. Since it appears that only borate is incorporated into biogenic carbonates, the !11B 
of marine carbonates can be used to estimate the pH of the seawater from which they precipitated (for a 
complete description of the principles of the proxy see Hemming and Hanson, 1992). As ocean carbonate 
chemistry is in dynamic equilibrium with the atmosphere, estimates of atmospheric pCO2 can be made 
from these pH records. Such records of past pCO2 and their relation to climate are indispensable tools for 
predicting the effects of the post-industrial anthropogenic increase in CO2 on climate.  
We would like to extend boron isotope-based CO2 reconstructions further back into Earth history to 
examine the role of CO2 in significant climate events such as the Paleocene-Eocene thermal maximum, 
when a massive injection of CO2 created a super-greenhouse climate, or the end of the Carboniferous-
Permian glaciations, the last and only time the vegetated Earth switched from an “icehouse” to 
“greenhouse” climate.  These events are not unlike the one we are currently creating by burning fossil fuels, 
so are important time periods to study. 
 The calcifying planktonic foraminifers typically used for !11B work have only existed for ~200 
Myr, so for earlier intervals a different carbonate archive is needed. Brachiopods are marine cosmopolitans 
that have existed for the entire Phanerozoic (~500 Myr), and they are extremely prolific in the fossil record. 
Much work has already been done to characterize their utility as recorders of isotopic signals (Auclair et al., 
2003, Brand et al., 2003) and they have already been used to create C, O, and Sr isotopic records (e.g. 
Veizer et al., 1999). However, little is known about the controls on !11B in brachiopods. Several questions 
must be answered before trustworthy paleo-estimates can be determined: (1) Is !11B homogeneously 
distributed within a shell, and how can careful sampling avoid possible complications presented by 
intrashell variation? Such variation in shell O and C isotopes has been documented (Fig. 1), and 
preliminary measurements by Don Penman at Lamont have revealed a greater than 2‰ difference in !11B 
between calcite sampled from the inside and outside of a modern brachiopod shell. (2) Are there species 
specific vital effects? A wide range of !11B has been measured for modern brachiopods, from 15‰ to 23‰ 
(Lecuyer et al., 2006 and Hemming and Hanson, 1992), a range too great to be explained by the pH 
variations of modern oceans. Species-specific vital effects or intrashell variability are likely candidates to 
explain these differences. The main goal of the proposed research is to investigate these questions.  




