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            Abstract
Faults can slip not onlyÂ episodically during earthquakes but also during transient aseismic slip events1,2,3,4,5, often called slow-slip events. Previous studies based on observations compiled from various tectonic settings6,7,8 have suggested that the moment of slow-slip events is proportional to their duration, instead of following the duration-cubed scaling found for earthquakes9. This finding has spurred efforts to unravel the cause of the difference in scaling6,10,11,12,13,14. Thanks to a new catalogue of slow-slip events on the Cascadia megathrust based on the inversion of surface deformation measurements between 2007 and 201715, we find that a cubic momentâ€“duration scaling law is more likely. Like regular earthquakes, slow-slip events also have a moment thatÂ is proportional to A3/2, where A is the rupture area, and obey the Gutenbergâ€“Richter relationship between frequency and magnitude. Finally, these slow-slip events show pulse-like ruptures similar to seismic ruptures. The scaling properties of slow-slip events are thus strikingly similar to those of regular earthquakes, suggesting that they are governed by similar dynamic properties.




            
                
                    

    
        
            
                
                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
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more


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
        



    

                
                    Fig. 1: Comparison of interseismic coupling with cumulated slip due to episodic slow slip between 2007 and 2017.[image: ]


Fig. 2: Spatio-temporal distribution and segmentation of SSEs.[image: ]


Fig. 3: Momentâ€“duration and momentâ€“area scaling.[image: ]


Fig. 4: Frequencyâ€“magnitude distribution and aspect ratio of SSEs in Cascadia.[image: ]
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                Data availability

              
              The durations and moments estimated in this study are listed in Extended Data Table 1 and in the Source Data ofÂ Fig. 3. The slip model of Michel et al.15, which is used as input in this study is available at: ftp://ftp.gps.caltech.edu/pub/avouac/Cascadia_SSE_Nature/Data_for_Nature/.
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Extended data figures and tables

Extended Data Fig. 1 Momentâ€“duration and momentâ€“area scaling laws for automatic measurements.
a, Relationship between the moment released by SSEs and their duration. The black dashed line shows the best linear fit. b, Comparison with the scaling laws for slow (red shading) and regular (green shading) earthquakes proposed by Ide et al.6. c, Relationship between the moment released by SSEs and their rupture area. The black dashed line shows the best linear fit. d, Comparison with the scaling laws of regular earthquakes (green shading). Stress-drop isolines are estimated from the circular crack model.


Extended Data Fig. 2 SSEs duration estimations for the example of SSE 34.
a, The blue lines represent the moment rate evolution of each sub-fault participating in the SSE 34. The sub-faults moment rate is estimated using a zero-phase digital filtering on the rough \({\delta }_{{\rm{deficit}}}\) using a 5-day window (effectively 9Â days). The yellow line shows the number of tremors per day within the SSE rupture area. The solid red lines indicate the start and end times picked manually to estimate the minimum duration. They are determined by the timing of the first and last sub-faults with \({\dot{M}}_{{\rm{0deficit}}} < {\dot{M}}_{{\rm{0thresh}}}\) (the threshold rate is represented by the horizontal black dashed line). The dashed red lines similarly indicate the start and end times of the SSEs picked to estimate the maximum duration. They are determined by the times of the first and last sub-faults when \({\dot{M}}_{{\rm{0deficit}}} < 0\). The dotted green lines indicate the automatic time picks for the start and end of the SSEs15. b, The black dots show the cumulative moment release in excess of the moment release that would have accumulated at the interseismic rate (as the SSE are extracted from the time series corrected for long-term interseismic strain). The blue line is its smoothed version using the same filter as indicated in a. The red and green vertical lines and the yellow curve are the same as in a. To illustrate the methodology used to calculate the SSE moment release, M0, we indicate the values taken for the calculation based on the minimum duration by two horizontal solid black lines. c, The blue line indicates the SSE moment rate (sum of the moment rates of the SSE sub-faults). The horizontal black dashed line represents the sum of \({\dot{M}}_{{\rm{0thresh}}}\) of allÂ of the sub-faults. The red, yellow and green lines are the same as in a.


Extended Data Fig. 3 Segment delimitation.
a, SSEs cumulative slip. The pink line indicates a representative line of the average along-strike location of SSEs given by Michel et al.15. b, Map indicating the number of times that a sub-fault has experienced an SSE. The black contours delimit the extent of each SSE. The dashed black lines in a and b correspond to the selection of segments.


Extended Data Fig. 4 Comparison with slip models of a previously published study.
a, c, e, The cumulative slip models for SSEs 3, 7 and 10 of Michel et al.15. b, d, f, The cumulative slip models of the same SSEs estimated by Schmidt and Gao27. The magnitudes indicated in all panels are calculated by taking a shear modulus Î¼Â =Â 30Â GPa.


Extended Data Table 1 Manual estimation of SSE durationFull size table
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