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            Abstract
Carbon and other volatiles in the form of gases, fluids or mineral phases are transported from Earth’s surface into the mantle at convergent margins, where the oceanic crust subducts beneath the continental crust. The efficiency of this transfer has profound implications for the nature and scale of geochemical heterogeneities in Earth’s deep mantle and shallow crustal reservoirs, as well as Earth’s oxidation state. However, the proportions of volatiles released from the forearc and backarc are not well constrained compared to fluxes from the volcanic arc front. Here we use helium and carbon isotope data from deeply sourced springs along two cross-arc transects to show that about 91 per cent of carbon released from the slab and mantle beneath the Costa Rican forearc is sequestered within the crust by calcite deposition. Around an additional three per cent is incorporated into the biomass through microbial chemolithoautotrophy, whereby microbes assimilate inorganic carbon into biomass. We estimate that between 1.2 × 108 and 1.3 × 1010 moles of carbon dioxide per year are released from the slab beneath the forearc, and thus up to about 19 per cent less carbon is being transferred into Earth’s deep mantle than previously estimated.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 / 30 days
cancel any time

Learn more


Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: Map of the northwest coast of Costa Rica.[image: ]


Fig. 2: Helium and carbon isotopes across the Costa Rican convergent margin.[image: ]


Fig. 3: Carbon isotopes as a function of DIC concentrations for northern (blue filled symbols) and central (orange filled symbols) DIC, along with the isotope fractionation model (solid lines).[image: ]


Fig. 4: Schematic cross-section of carbon fluxes across the Costa Rican convergent margin.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 CO2/3He versus δ13C for all samples collected, together with mixing lines between mantle (M), organic sediment (S) and carbonate (C) endmembers.
We argue that such mixing relationships cannot easily explain the water data, and that instead carbon isotope fractionation associated with calcite precipitation and chemolithoautotrophy introduces the observed δ13C variations.

Source data



Extended Data Fig. 2 Helium isotopes (3He/4He) versus X values.
The X values are air-normalized 4He/20Ne; considering solubility in water for fluid samples23. The majority of samples have high (>5) X values, indicating minimal air-contributions to samples.

Source data



Extended Data Fig. 3 Relationship between DC and DIC concentrations and δ13C.
Values for northern Costa Rica (a and b) are shown with blue symbols and central Costa Rica (c and d), with yellow symbols. Strong correlations allow prediction of DC concentrations and δ13C values for the sites for which DIC compositions are lacking. The slope of the concentration plots (y) is used to calculate the fraction of DIC and DOC in the sample suites.

Source data






Supplementary information
41586_2019_1131_MOESM1_ESM.xlsx
Supplementary Table Supplementary Table 1 – Sample collection information, as well as helium and carbon isotope data. X-values represent air-normalized 4He/20Ne values (considering solubility in water for fluid samples23), which are used to determine air-corrected 3He/4He values (RC/RA) of the samples24. CO2/3He is calculated using raw He-isotope values (R/RA).


41586_2019_1131_MOESM2_ESM.xlsx
Supplementary Table Supplementary Table 2 – Sample location information, cell counts and polycyclic aromatic hydrocarbon (PAH) data.


Supplementary Table Supplementary Table 3 – Flux calculations used in the text and to make Figure 4.

41586_2019_1131_MOESM4_ESM.xlsx
Supplementary Table Supplementary Table 4 – Water chemistry data, PhreeqC calculations and saturation index (SI) values.
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