







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 26 August 2010



                    Upper-ocean-to-atmosphere radiocarbon offsets imply fast deglacial carbon dioxide release

                    	Kathryn A. Rose1Â na1Â nAff7, 
	Elisabeth L. Sikes2Â na1, 
	Thomas P. Guilderson3,4, 
	Phil Shane5, 
	Tessa M. Hill1, 
	Rainer Zahn6 & 
	â€¦
	Howard J. Spero1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 466,Â pages 1093â€“1097 (2010)Cite this article
                    

                    
        
            	
                        1956 Accesses

                    
	
                        62 Citations

                    
	
                            7 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Atmospheric science
	Geodynamics
	Geology
	Ocean sciences


    


                
    
    

    
    

                
            


        
            Abstract
Radiocarbon in the atmosphere is regulated largely by ocean circulation, which controls the sequestration of carbon dioxide (CO2) in the deep sea through atmosphereâ€“ocean carbon exchange. During the last glaciation, lower atmospheric CO2 levels were accompanied by increased atmospheric radiocarbon concentrations that have been attributed to greater storage of CO2 in a poorly ventilated abyssal ocean1,2. The end of the ice age was marked by a rapid increase in atmospheric CO2 concentrations2 that coincided with reduced 14C/12C ratios (Î”14C) in the atmosphere3, suggesting the release of very â€˜oldâ€™ (14C-depleted) CO2 from the deep ocean to the atmosphere3. Here we present radiocarbon records of surface and intermediate-depth waters from two sediment cores in the southwest Pacific and Southern oceans. We find a steady 170 per mil decrease in Î”14C that precedes and roughly equals in magnitude the decrease in the atmospheric radiocarbon signal during the early stages of the glacialâ€“interglacial climatic transition. The atmospheric decrease in the radiocarbon signal coincides with regionally intensified upwelling and marine biological productivity4, suggesting that CO2 released by means of deep water upwelling in the Southern Ocean lost most of its original depleted-14C imprint as a result of exchange and isotopic equilibration with the atmosphere. Our data imply that the deglacial 14C depletion previously identified in the eastern tropical North Pacific5 must have involved contributions from sources other than the previously suggested carbon release by way of a deep Southern Ocean pathway5, and may reflect the expanded influence of the 14C-depleted North Pacific carbon reservoir across this interval. Accordingly, shallow water masses advecting north across the South Pacific in the early deglaciation had little or no residual 14C-depleted signals owing to degassing of CO2 and biological uptake in the Southern Ocean.
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                    Figure 1: 
                        Ocean circulation in the South Pacific and Southern Ocean and ambient water-mass patterns at the location of the sediment cores used in this study.
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Figure 2: 
                        Records of radiocarbon activities, Antarctic temperatures and Southern Ocean upwelling across the last deglaciation.
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Figure 3: 
                        Records of atmospheric CO
                        
                        2
                        , radiocarbon activities, and surface Î´
                        13
                        C and productivity across the last deglaciation.
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At the end of the last ice age, rising atmospheric carbon dioxide levels coincided with a decline in carbon-14 levels, suggesting the release of very 'old' (radiocarbon-depleted) carbon dioxide from the deep ocean to the atmosphere. Rose et al. present radiocarbon records of surface and intermediate depth waters from two sediment cores in the southwest Pacific and Southern Ocean, and find a steady 170 per mil decrease in Î”14C that precedes and roughly equals in magnitude the decrease in the atmospheric radiocarbon signal during the early stages of the glacialâ€“interglacial climatic transition. The initial rise in carbon dioxide levels may have originated from intermediate Southern Ocean water masses that were not strongly depleted in radiocarbon, followed by the release of radiocarbon-depleted carbon dioxide from deeper North Pacific waters.
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