







    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: 04 February 2010



                    Migrating tremors illuminate complex deformation beneath the seismogenic San Andreas fault

                    	David R. Shelly1Â 



                    

                    
                        
    Nature

                        volumeÂ 463,Â pages 648â€“652 (2010)Cite this article
                    

                    
        
            	
                        1935 Accesses

                    
	
                        126 Citations

                    
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Seismology
	Tectonics


    


                
    
    

    
    

                
            


        
            Abstract
The San Andreas fault is one of the most extensively studied faults in the world, yet its physical character and deformation mode beneath the relatively shallow earthquake-generating portion remain largely unconstrained. Tectonic â€˜non-volcanicâ€™ tremor, a recently discovered seismic signal1 probably generated by shear slip on the deep extension of some major faults2,3,4, can provide new insight into the deep fate of such faults, including that of the San Andreas fault near Parkfield, California5. Here I examine continuous seismic data from mid-2001 to 2008, identifying tremor and decomposing the signal into different families of activity based on the shape and timing of the waveforms at multiple stations6. This approach allows differentiation between activities from nearby patches of the deep fault and begins to unveil rich and complex patterns of tremor occurrence. I find that tremor exhibits nearly continuous migration, with the most extensive episodes propagating more than 20 kilometres along fault strike at rates of 15â€“80 kilometres per hour. This suggests that the San Andreas fault remains a localized through-going structure, at least to the base of the crust, in this area. Tremor rates and recurrence behaviour changed markedly in the wake of the 2004 magnitude-6.0 Parkfield earthquake6,7, but these changes were far from uniform within the tremor zone, probably reflecting heterogeneous fault properties and static and dynamic stresses decaying away from the rupture. The systematic recurrence of tremor demonstrated here suggests the potential to monitor detailed time-varying deformation on this portion of the deep San Andreas fault, deformation which unsteadily loads the shallower zone that last ruptured in the 1857 magnitude-7.9 Fort Tejon earthquake8.
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                    Figure 1: 
                        Map and cross-section showing tremor locations.
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Figure 2: 
                        Tremor migration.
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Figure 3: 
                        Event-family recurrence styles.
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Figure 4: 
                        Recurrence patterns for 21 event families.
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        Editorial Summary
San Andreas tremors
Despite extensive studies, there is still much to be discovered about the deformation process below the seismogenic zone of the San Andreas fault. David Shelly of the US Geological Survey now reports an analysis of seismic tremor observed from mid-2001 to 2008 using a technique that provides greater spatial and temporal resolution than has previously been possible in this area. The analysis reveals the San Andreas fault near Parkfield as a continuous structure at the base of the crust, and it unveils previously unknown and complex patterns of deformation on the portion of the fault below the seismogenic zone, including tremor sequences that migrate at rates of up to 80 kilometres per hour.
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