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Fig. 1. Calibration of bottom water ∆[CO3
2-] 

vs. benthic B/Ca in four species from global 

core tops. 
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Abstract 
Deep ocean carbonate ion concentration provides important insights to mechanisms for 
glacial-interglacial atmospheric CO2 changes. Core-top calibration and applications to the North 
Atlantic Ocean and Caribbean Basin demonstrate the promise of benthic B/Ca as a novel tool for deep 
ocean carbonate ion reconstructions. We request funds to extend our measurements to the Indian and 
Pacific Oceans. This will enable us to have a global picture of past deep ocean carbonate ion history. 
  
1. Background and rationale 

Two biological mechanisms affecting oceanic carbon storage are the sinking of organic matter 
from surface into deep waters drawing down atmospheric CO2, and the manufacture of calcium 
carbonate (CaCO3) in the surface ocean and preservation in the deep ocean which is a source of CO2 to 
atmosphere (1). These processes modulate seawater pH and carbonate ion concentration (henceforth 
[CO3

2-]), which in turn affect biogenic calcification in the surface ocean (2) and dissolution of CaCO3 
in the deep ocean. The solubility of CaCO3 depends on calcium and carbonate ions in seawater as well 
as temperature and pressure (3). Since large fluctuations in calcium concentration, temperature and 
pressure of bottom waters are unexpected on glacial-interglacial timescales, reconstruction of deep 
seawater [CO3

2-] provides crucial insight to CaCO3 preservation and the ocean’s role in regulating the 
global carbon cycling. 
 

Efforts have been made to reconstruct [CO3
2-] of the ocean’s interior in the past using various 

proxy methods. For example, studies using the dissolution susceptibility of planktonic assemblages 
imply an overall negligible difference in deep water [CO3

2-] in the global oceans during the Last 
Glacial Maximum (LGM) (4). Conversely, δ11B in mixed 
benthic foraminifera suggest an increase of ~100 µmol/kg in 
[CO3

2-] in the whole glacial ocean (5). Using foraminiferal 
weight as a dissolution index, Broecker and Clark (6) showed 
that changes in Atlantic deep water [CO3

2-] were likely to be 
the result of water mass changes. The disagreement between 
these methods suggests that their use to reconstruct temporal 
changes in deep water [CO3

2-] is compromised by limitations 
and ambiguities in some of the underlying assumptions [(7-9), 
see (10) for detailed discussions]. Conflicting results for 
estimates of glacial-interglacial carbonate ion changes 
highlight the need for new methods. 
 
2. Benthic foraminiferal B/Ca for deep seawater [CO3

2-] 
reconstructions 

Our global core-top study shows that benthic foraminiferal 




