







    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: 22 July 2010



                    Lunar apatite with terrestrial volatile abundances

                    	Jeremy W. Boyce1,2, 
	Yang Liu3, 
	George R. Rossman1, 
	Yunbin Guan1, 
	John M. Eiler1, 
	Edward M. Stolper1 & 
	â€¦
	Lawrence A. Taylor3Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 466,Â pages 466â€“469 (2010)Cite this article
                    

                    
        
            	
                        3173 Accesses

                    
	
                        228 Citations

                    
	
                            17 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Geodynamics
	Geology
	Rings and moons


    


                
    
    

    
    

                
            


        
            Abstract
The Moon is thought to be depleted relative to the Earth in volatile elements such as H, Cl and the alkalis1,2,3. Nevertheless, evidence for lunar explosive volcanism4,5 has been used to infer that some lunar magmas exsolved a CO-rich and CO2-rich vapour phase before or during eruption6,7,8. Although there is also evidence for other volatile species on glass spherules9, until recently10 there had been no unambiguous reports of indigenous H in lunar rocks. Here we report quantitative ion microprobe measurements of late-stage apatite from lunar basalt 14053 that document concentrations of H, Cl and S that are indistinguishable from apatites in common terrestrial igneous rocks. These volatile contents could reflect post-magmatic metamorphic volatile addition or growth from a late-stage, interstitial, sulphide-saturated melt that contained âˆ¼1,600 parts per million H2O and âˆ¼3,500 parts per million Cl. Both metamorphic and igneous models of apatite formation suggest a volatile inventory for at least some lunar materials that is similar to comparable terrestrial materials. One possible implication is that portions of the lunar mantle or crust are more volatile-rich than previously thought.
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                    Figure 1: 
                        Backscattered electron image of the area in rock section (14053,241) analysed in this study.
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Figure 2: 
                        Plots of H
                        
                        2
                        O versus C and Cl versus S for analyses of 14053 apatite.
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Figure 3: Histograms of H2O, Cl and S concentrations for terrestrial igneous apatites11,15,22,23,24. [image: ]
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        Editorial Summary
Earth-like lunar apatite
It is thought that the lunar interior is deficient relative to the Earth in hydrogen, chlorine and other volatiles, due to near-complete degassing from the Moon-forming impact. New analyses of lunar basalt 14053, a much-studied sample collected by the Apollo 14 astronauts, suggest that portions of the lunar mantle or crust may be more volatile-rich than previously thought. Concentrations of hydrogen, chlorine and sulphur in the mineral apatite from 14053 are indistinguishable from apatites in common terrestrial igneous rocks. Measurements of apatites from other available lunar rock types will help to clarify the generality and significance of the terrestrial-like properties of this basalt.
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