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Abstract 

The atmospheric CO2 concentration (pCO2) is directly affected by CO2 partial pressure (PCO2) of 
surface oceans. Measurements of PCO2 of modern surface oceans show that high latitudes are major sinks 
of CO2 while low latitudes mainly serve as sources of CO2 to the atmosphere. Therefore, reconstruction of 
surface CO2 in these regions would provide important information about causes for past atmospheric 
pCO2 changes. Although PCO2 reconstructions are available for low latitude regions, surface ocean PCO2 
reconstructions for high latitudes are more limited. Here we use core-top and down core results from the 
North Atlantic Ocean to demonstrate that planktonic B/Ca ratios can be used as a new tool for surface 
PCO2 reconstructions. We request funds ($8000) to extend our research to the Southern Ocean and the 
North Pacific Ocean areas in order to obtain a comprehensive understanding about surface PCO2 variation 
at high latitudes during the last deglacial period. 
 
  
1. Introduction 

The oceans are the largest reservoir of carbon and therefore changes in their carbonate chemistry are 
major controls on atmospheric pCO2 on timescales of thousands of years and longer1. Various hypotheses 
have been suggested2,3, but no consensus has emerged on the specific causes of glacial/interglacial pCO2 
changes, warranting paleoceanographic evidence to test possible mechanisms. Among seawater CO2 
system variables, deep ocean carbonate ion concentration and surface water PCO2 are particularly 
important to provide clues and constraints on past atmospheric pCO2 variations. Compared with the 
atmosphere where CO2 is well mixed, surface ocean PCO2 reveals large spatial and temporal variations 
due to thermodynamic and biological processes and the relatively slow air-sea equilibration of CO2 (~1 
year)4. Certain regions of the modern oceans act as sinks for atmospheric CO2 (e.g., 40-60° in both the 
northern and southern hemispheres) and others as sources (e.g., the eastern equatorial Pacific and Arabian 
Sea). Therefore, reconstruction of past surface PCO2 is necessary to assess, by comparing with ice core 
pCO2 records, temporal paleo- air-sea CO2 fluxes in regions of interest5,6, which could provide direct 
reasons for past pCO2 changes. 

 
Efforts have been made to reconstruct PCO2 in surface oceans using various proxy methods. Paleo-

surface PCO2 have been estimated from the 13C of organic and carbonate carbon7,8, stomatal indices9, 
soil carbonates 13C10 and goethites11, planktonic foraminiferal shell weight12, foraminiferal B/Ca 
ratios13,14, and foraminifera 11B5,15-17. Application of planktonic foraminiferal 11B has provided 
important information about surface PCO2 changes in the past5,14,16. However, the available records are 
mainly for tropical/subtropical regions. Reconstruction for high latitude areas is yet to be obtained, which 
is important to address the role of high latitude regions on past atmospheric pCO2 changes. For example, 
one question would be that were the high latitudes stronger or weaker sinks during the last glacial period 
relative to today? 
 
2. Rationale of planktonic B/Ca for surface PCO2 estimates 

Dissolved boron in seawater exists primarily as a mixture of the mononuclear species B(OH)3 
(boric acid) and B(OH)4

- (borate), the proportions of which are highly pH-dependent. Because the boron 
isotopic composition of marine carbonates falls close to the isotopic composition of borate, B(OH)4

- is 
thought to be the species incorporated into carbonates18: 




