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            Abstract
Enceladus is a small icy satellite of Saturn. Its south polar region consists of young, tectonically deformed terrain and has an anomalously high heat flux1,2. This heat flux is probably due to localized tidal dissipation within either the ice shell3 or the underlying silicate core4. The surface deformation is plausibly due to upwelling of low-density material (diapirism5) as a result of this tidal heating. Here we show that the current polar location of the hotspot can be explained by reorientation of the satellite's rotation axis because of the presence of a low-density diapir. If the diapir is in the ice shell, then the shell must be relatively thick and maintain significant rigidity (elastic thickness greater than âˆ¼0.5â€‰km); if the diapir is in the silicate core, then Enceladus cannot possess a global subsurface ocean, because the core must be coupled to the overlying ice for reorientation to occur. The reorientation generates large (âˆ¼10â€‰MPa) tectonic stress patterns6 that are compatible with the observed deformation of the south polar region2. We predict that the distribution of impact craters on the surface will not show the usual leading hemisphereâ€“trailing hemisphere asymmetry. A low-density diapir also yields a potentially observable negative gravity anomaly.




            
                
                    

    
        
            
                
                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
            
        

        
    



                    
                

                
    
    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
        



    

                
                    Figure 1: 
                        Schematic diagram of subsurface diapirism on Enceladus.
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Figure 2: 
                        Variation of parameters affecting reorientation, and the degree of reorientation itself, as a function of 
                        d
                        , the lithospheric thickness.
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        Editorial Summary
Way down south
The recent discovery of active water-venting from the surface of Saturn's icy moon Enceladus has caused a ripple of excitement as it suggests the possibility of subsurface liquid water. Geologically, Enceladus poses problems. One, the reason why the hotspot of geological activity is centred precisely on the south pole, has been tackled by Francis Nimmo and Robert T. Pappalardo. They identify reorientation of Enceladus's rotation axis as the likely cause, and an upwelling of low-density material to the surface as the cause of that reorientation. Comparison of the distribution of impact craters on the â€˜leadingâ€™ and â€˜trailingâ€™ hemispheres will be a good test of the reorientation part of the theory.
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