







    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: 29 January 2004



                    Natural examples of olivine lattice preferred orientation patterns with a flow-normal a-axis maximum

                    	Tomoyuki Mizukami1,2, 
	Simon R. Wallis2 & 
	Junji Yamamoto3Â nAff4Â 



                    

                    
                        
    Nature

                        volumeÂ 427,Â pages 432â€“436 (2004)Cite this article
                    

                    
        
            	
                        1331 Accesses

                    
	
                        121 Citations

                    
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Tectonic plate motion is thought to cause solid-state plastic flow within the underlying upper mantle and accordingly lead to the development of a lattice preferred orientation of the constituent olivine crystals1,2,3. The mechanical anisotropy that results from such preferred orientation typically produces a direction of maximum seismic wave velocity parallel to the plate motion direction4,5. This has been explained by the existence of an olivine preferred orientation with an â€˜a-axisâ€™ maximum parallel to the induced mantle flow direction3,5,6,7,8. In subduction zones, however, the olivine a axes have been inferred to be arranged roughly perpendicular to plate motion9,10,11,12,13, which has usually been ascribed to localized complex mantle flow patterns10,11,12,13. Recent experimental work14 suggests an alternative explanation: under conditions of high water activity, a â€˜B-typeâ€™ olivine preferred orientation may form, with the a-axis maximum perpendicular to the flow direction. Natural examples of such B-type preferred orientation are, however, almost entirely unknown. Here we document widespread B-type olivine preferred orientation patterns from a subduction-type metamorphic belt in southwest Japan and show that these patterns developed in the presence of water. Our discovery implies that mantle flow above subduction zones may be much simpler than has generally been thought.
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                    Figure 1: Photomicrographs of dunite in the Higashi-akaishi body (crossed polars).[image: ]


Figure 2: Structural analysis of olivine fabrics.[image: ]


Figure 3: Micro-inclusions indicating the presence of water during the D2 stage.[image: ]


Figure 4: Mineral chemistry in garnet peridotite.[image: ]
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