







    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 Geoscience]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature geoscience

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 02 December 2019



                    Great Oxidation and Lomagundi events linked by deep cycling and enhanced degassing of carbon

                    	James EguchiÂ 
            ORCID: orcid.org/0000-0002-8683-69461Â nAff2, 
	Johnny SealesÂ 
            ORCID: orcid.org/0000-0002-5293-88721 & 
	Rajdeep DasguptaÂ 
            ORCID: orcid.org/0000-0001-5392-415X1Â 



                    

                    
                        
    Nature Geoscience

                        volumeÂ 13,Â pages 71â€“76 (2020)Cite this article
                    

                    
        
            	
                        7645 Accesses

                    
	
                        54 Citations

                    
	
                            122 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Carbon cycle
	Geochemistry
	Precambrian geology
	Tectonics
	Volcanology


    


                
    
    

    
    

                
            


        
            Abstract
For approximately the first 2â€‰billion years of the Earthâ€™s history, atmospheric oxygen levels were extremely low. It was not until at least half a billion years after the evolution of oxygenic photosynthesis, perhaps as early as 3â€‰billion years ago, that oxygen rose to appreciable levels during the Great Oxidation Event. Shortly after, marine carbonates underwent a large positive spike in carbon isotope ratios known as the Lomagundi event. The mechanisms responsible for the Great Oxidation and Lomagundi events remain debated. Using a carbonâ€“oxygen box model that tracks the Earthâ€™s surface and interior carbon fluxes and reservoirs, while also tracking carbon isotopes and atmospheric oxygen levels, we demonstrate that about 2.5â€‰billion years ago a tectonic transition that resulted in increased volcanic CO2 emissions could have led to increased deposition of both carbonates and organic carbon (organicâ€‰C)â€‰via enhanced weathering and nutrient delivery to oceans. Increased burial of carbonates and organicâ€‰C would have allowed the accumulation of atmospheric oxygen while also increasing the delivery of carbon to subduction zones. Coupled with preferential release of carbonates at arc volcanoes and deep recycling of organicâ€‰C to ocean island volcanoes, we find that such a tectonic transition can simultaneously explain the Great Oxidation and Lomagundi events without any change in the fraction of carbon buried as organicâ€‰C relative to carbonate, which is often invoked to explain carbon isotope excursions.
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                    Fig. 1: Variations in atmospheric O2, carbonate Î´13C and tracers of tectonic processes through geological time.[image: ]


Fig. 2: Natural data and petrologic calculations suggesting preferential release of carbonate over organicâ€‰C in present-day and ancient subduction zones.[image: ]


Fig. 3: A comparison of carbon isotope compositions of CO2 emissions from different volcanic settings.[image: ]


Fig. 4: A schematic diagram showing preferential release of carbonateâ€‰C at arc volcanoes and organicâ€‰C at ocean island volcanoes.[image: ]


Fig. 5: Model results showing how tectonically driven increased CO2 emissions and deep recycling of organicâ€‰C can drive both the GOE and LE.[image: ]
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                Data availability


Data used in the generation of Fig. 1 were taken directly, without any alteration, from the references given in the figure caption and can be accessed in the original publications cited therein. In addition, the original author has made available the data compilation of Câ€‰isotopes on his personal website: http://www.krisstott.com/publications.html. The data used in Fig. 2a are reported in Supplementary Table 2 and can be accessed from the original publications cited in that table. The data in Supplementary Table 2 have been made publicly available at http://www.earthchem.org (https://doi.org/10.1594/IEDA/111406). The compiled data used in Fig. 3 are reported in Supplementary Table 3 and can be accessed from the original publications cited in the table. The data in Supplementary Table 3 have been made publicly available at http://www.earthchem.org (https://doi.org/10.1594/IEDA/111406).



Code availability


All equations required by the model are presented in Methods. The python code for the model is included in the Supplementary material at https://github.com/jameseguchi
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