







    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: 14 April 2005



                    A doubling of the post-perovskite phase boundary and structure of the Earth's lowermost mantle

                    	John W. Hernlund1, 
	Christine Thomas3 & 
	Paul J. Tackley1,2Â 



                    

                    
                        
    Nature

                        volumeÂ 434,Â pages 882â€“886 (2005)Cite this article
                    

                    
        
            	
                        2266 Accesses

                    
	
                        314 Citations

                    
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
The thermal structure of the Earth's lowermost mantleâ€”the Dâ€³ layer spanning depths of âˆ¼2,600â€“2,900â€‰kilometres1â€”is key to understanding the dynamical state and history of our planet. Earth's temperature profile (the geotherm) is mostly constrained by phase transitions, such as freezing at the inner-core boundary or changes in crystal structure within the solid mantle, that are detected as discontinuities in seismic wave speed and for which the pressure and temperature conditions can be constrained by experiment and theory. A recently discovered phase transition at pressures of the Dâ€³ layer2,3,4 is ideally situated to reveal the thermal structure of the lowermost mantle, where no phase transitions were previously known to exist. Here we show that a pair of seismic discontinuities observed in some regions of Dâ€³ can be explained by the same phase transition as the result of a double-crossing of the phase boundary by the geotherm at two different depths. This simple model can also explain why a seismic discontinuity is not observed in some other regions, and provides new constraints for the magnitude of temperature variations within Dâ€³.
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                    Figure 1: The relationship between the geotherm and pPv phase boundary for different core temperatures (a), and corresponding seismic shear-wave profiles (b).[image: ]


Figure 2: The relationship between three schematic geotherms and the pPv phase boundary (a), corresponding vS profiles (b), and a sketch of possible lower-mantle structures (c).[image: ]


Figure 3: Comparison of data (a) with synthetic shear-wave seismograms calculated for the cold (b), warm (c), and hot (d) vS profiles shown in Fig. 2b.[image: ]


Figure 4: Summary of the migration results for the synthetic cold-mantle (left column) and warm-mantle (centre column) vS profiles along with real data (right column) using the traces shown in Fig. 3.[image: ]
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Modelling the Earth's mantle
A new model of the deep Earth allows geophysicists to measure variations in Earth's temperature near the boundary between the rocky mantle and core. Using a recently discovered phase change in the lowest part of the Earth's mantle, where atoms rearrange themselves in crystals under extreme pressure and temperature, the model also explains odd features of this part of the mantle, such as patchy regions that reflect seismic waves generated by large earthquakes and inferences of dense partial melting. Combined with observations, the results imply very large variations in temperature, providing further evidence for circulation of material throughout the Earth's mantle.
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