







    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

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 31 March 2013



                    Stagnation of subducting slabs in the transition zone due to slow diffusion in majoritic garnet

                    	W. L. van Mierlo1Â nAff3, 
	F. Langenhorst1,2, 
	D. J. Frost1 & 
	â€¦
	D. C. Rubie1Â 

Show authors

                    

                    
                        
    Nature Geoscience

                        volumeÂ 6,Â pages 400â€“403 (2013)Cite this article
                    

                    
        
            	
                        3286 Accesses

                    
	
                        74 Citations

                    
	
                            24 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Mineralogy
	Tectonics


    


                
    
    

    
    

                
            


        
            Abstract
Oceanic lithosphere sinks into Earthâ€™s mantle at subduction zones. However, seismic tomography shows that the sinking slabs of lithosphere often stagnate in the lower part of the mantle transition zone1, at depths less than 660â€‰km, where rocks undergo pressure-induced phase transitions and become denser. Greater pressures are required to induce phase transitions in cold slabs compared with the hotter ambient mantle at the 660â€‰km discontinuity, and so, at the boundary between the transition zone and the lower mantle, the slabs are buoyant2. The slabs may also contain low-density minerals that could contribute to their buoyancy3. Here we use laboratory experiments to analyse the rate of dissolution of the common slab mineral pyroxene into garnet, at pressures and temperatures representative of the lower part of the mantle transition zone. We find that the majorite component in garnetâ€”a product of the transition from pyroxene into garnetâ€”is one of the slowest-diffusing components in Earthâ€™s mantle. At the relatively low temperatures of the slab, this slow diffusion inhibits the dissolution of pyroxene into garnet, so that the slab remains buoyant relative to the ambient mantle and stagnates. However, at the base of the mantle transition zone, pyroxene undergoes another phase transformation to the mineral akimotoite, which causes a sudden increase in slab density. We conclude that the slab is likely to penetrate into the lower mantle eventually.
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                    Figure 1: Diffusion profiles obtained from a pyropeâ€“majorite diffusion couple H3050.[image: ]


Figure 2: Diffusion coefficients for majorite diffusion in garnet as a function of temperature and pressure.[image: ]


Figure 3: Diffusion distance for the majorite component in garnet at 18â€‰GPa.[image: ]


Figure 4: Timescales for the dissolution of pyroxene into garnet during subduction.[image: ]
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