







    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 July 2010



                    Triggering of New Madrid seismicity by late-Pleistocene erosion

                    	E. Calais1, 
	A. M. Freed1, 
	R. Van Arsdale2 & 
	â€¦
	S. Stein3Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 466,Â pages 608â€“611 (2010)Cite this article
                    

                    
        
            	
                        2177 Accesses

                    
	
                        117 Citations

                    
	
                            28 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Core processes
	Geology
	Seismology


    


                
    
    

    
    

                
            


        
            Abstract
The spatiotemporal behaviour of earthquakes within continental plate interiors is different from that at plate boundaries. At plate margins, tectonic motions quickly reload earthquake ruptures, making the location of recent earthquakes and the average time between them consistent with the faultsâ€™ geological, palaeoseismic and seismic histories. In contrast, what determines the activation of a particular mid-continental fault and controls the duration of its seismic activity remains poorly understood1. Here we argue that the concentration of magnitude-7 or larger earthquakes in the New Madrid seismic zone of the central United States2,3 since the end of the last ice age results from the recent, climate-controlled, erosional history of the northern Mississippi embayment. We show that the upward flexure of the lithosphere caused by unloading from river incision between 16,000 and 10,000 years ago caused a reduction of normal stresses in the upper crust sufficient to unclamp pre-existing faults close to failure equilibrium. Models indicate that fault segments that have already ruptured are unlikely to fail again soon, but stress changes from sediment unloading and previous earthquakes may eventually be sufficient to bring to failure other nearby segments that have not yet ruptured.
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                        Current seismicity of the NMSZ.
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Figure 2: 
                        Late-Pleistocene sedimentary history.
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Figure 3: 
                        Horizontal stress changes due to flexure.
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Figure 4: 
                        Effect of rheology and unloading history.
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        Editorial Summary
New Madrid earthquakes: a spreading risk
The New Madrid seismic zone, in a now heavily populated area of the central United States, was responsible for the 1811â€“12 New Madrid earthquakes of magnitudes of 7 or greater. The extent of the current seismic hazard in the region is hotly debated. Eric Calais and colleagues present evidence that the geologically recent sequence of large earthquakes in this region was triggered by the rapid removal of sediments by the rivers of the northern Mississippi embayment at the end of the last ice age. Models indicate that fault segments that have already ruptured are unlikely to fail again soon, but stress changes from sediment unloading and previous earthquakes may eventually be sufficient to bring to failure other nearby segments that have not yet ruptured, indicating that the hazard may be more widespread than previously thought.
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