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    Abstract

        
            We have performed computational simulations to determine how energy from a large hypervelocity impact on the Earth`s surface would couple to its interior. Because of the first-order axial symmetry of both the impact energy source and the stress-wave velocity structure of the Earth, a disproportionate amount of energy is dissipated along the axis defined by the impact point and its antipode (point opposite the impact). For a symmetric and homogeneous Earth model, all the impact energy that is radiated as seismic waves into the Earth at a given takeoff angle (ray parameter), independent of azimuthal direction, is refocused (minus attenuation) on the axis of symmetry, regardless of the number of reflections and refractions it has experienced. Material on or near the axis of symmetry experiences more strain cycles with much greater amplitude than elsewhere, and therefore experiences more irreversible heating. The focusing is most intense in the upper mantle, within the asthenosphere, where seismic energy is most effectively converted to heat. For a sufficiently energetic impact, this mechanism might generate enough local heating to create an isostatic instability leading to uplift, possibly resulting in rifting, volcanism, or other rearrangement of the interior dynamics of the planet. These simulations demonstrate howmore » hypervelocity impact energy can be transported to the Earth`s interior, supporting the possibility of a causal link between large impacts on Earth and major internally-driven geophysical processes.« less

        

    


                        

    	Authors: 
	














    
    
        
        
        
        
        
    

    
    
        
        
        
        
        
    

    
    
        
        
        
        
        
    

    
    
        
        
        
        
        
    



    Boslough, M B; 
    

    Chael, E P; 
    

    Trucano, T G; 
    

    Crawford, D A
    







                	Publication Date: 
	Thu Dec 01 00:00:00 EST 1994


    	Research Org.: 
	Sandia National Labs., Albuquerque, NM (United States)


            	Sponsoring Org.: 
	USDOE, Washington, DC (United States)


            	OSTI Identifier: 
	10196790


            	Report Number(s): 
	SAND-94-1816C; CONF-9410131-11
 ON: DE95003347; BR: GB0103012


                    	DOE Contract Number:  
	AC04-94AL85000


                	Resource Type: 
	Conference


                        	Resource Relation: 
	Conference: 1994 hypervelocity impact symposium,Santa Fe, NM (United States),16-20 Oct 1994; Other Information: PBD: [1994]


                        	Country of Publication: 
	United States


                	Language: 
	English


                	Subject: 
	71 CLASSICAL AND QUANTUM MECHANICS, GENERAL PHYSICS; 58 GEOSCIENCES; EARTH CRUST; IMPACT TESTS; COMPUTERIZED SIMULATION; IMPACT SHOCK; SEISMOLOGY; 661300; 580000; OTHER ASPECTS OF PHYSICAL SCIENCE; GEOSCIENCES


                


                        
                            

                            
    
    Citation Formats

    
    
        	MLA
	APA
	Chicago
	BibTeX


    


    
            
        
            
                
                    Boslough, M B, Chael, E P, Trucano, T G, and Crawford, D A. Axial focusing of energy from a hypervelocity impact on earth.  United States: N. p., 1994. 
        Web.   
            

             Copy to clipboard

        
            
        
            
                
                    Boslough, M B, Chael, E P, Trucano, T G, & Crawford, D A. Axial focusing of energy from a hypervelocity impact on earth.  United States.   
            

             Copy to clipboard

        
                
        
            
                
                    Boslough, M B, Chael, E P, Trucano, T G, and Crawford, D A. 1994.  
        "Axial focusing of energy from a hypervelocity impact on earth".  United States.  https://www.osti.gov/servlets/purl/10196790. 
            

             Copy to clipboard

        

        
            
                
                    
@article{osti_10196790,

  title        = {Axial focusing of energy from a hypervelocity impact on earth},

  author       = {Boslough, M B and Chael, E P and Trucano, T G and Crawford, D A},

  abstractNote = {We have performed computational simulations to determine how energy from a large hypervelocity impact on the Earth`s surface would couple to its interior. Because of the first-order axial symmetry of both the impact energy source and the stress-wave velocity structure of the Earth, a disproportionate amount of energy is dissipated along the axis defined by the impact point and its antipode (point opposite the impact). For a symmetric and homogeneous Earth model, all the impact energy that is radiated as seismic waves into the Earth at a given takeoff angle (ray parameter), independent of azimuthal direction, is refocused (minus attenuation) on the axis of symmetry, regardless of the number of reflections and refractions it has experienced. Material on or near the axis of symmetry experiences more strain cycles with much greater amplitude than elsewhere, and therefore experiences more irreversible heating. The focusing is most intense in the upper mantle, within the asthenosphere, where seismic energy is most effectively converted to heat. For a sufficiently energetic impact, this mechanism might generate enough local heating to create an isostatic instability leading to uplift, possibly resulting in rifting, volcanism, or other rearrangement of the interior dynamics of the planet. These simulations demonstrate how hypervelocity impact energy can be transported to the Earth`s interior, supporting the possibility of a causal link between large impacts on Earth and major internally-driven geophysical processes.},

  doi          = {},

  url          = {https://www.osti.gov/biblio/10196790},
  journal      = {},
number       = ,

  volume       = ,

  place        = {United States},

  year         = {Thu Dec 01 00:00:00 EST 1994},

  month        = {Thu Dec 01 00:00:00 EST 1994}

}
    
            

             Copy to clipboard

        
            
    



    
    



                        

                    

                    
                        

                
Conference:


    
                                     View Conference (1.94 MB)
                                

                            

    

        Other availability

        
                Please see Document Availability for additional information on obtaining the full-text document. Library patrons may search WorldCat to identify libraries that hold this conference proceeding.
            




    Save / Share:
    
        
        
            Export Metadata  
            
                	Endnote
	RIS
	CSV / Excel
	XML
	JSON


            
            
        

        
            Save to My Library
                    
                        
                            You must Sign In or Create an Account in order to save documents to your library.
                        

                    
            
                

        
            
                	
                    Facebook
                
	
                    Twitter
                
	Email
                
	Print
                
	
                    More share options
                    
                        	 LinkedIn
	 Pinterest
	 Tumblr


                    
            
                


            

        

                
    


                    

                

            
                    
            
            
            
                
                
                
                
                

            
            
                    
            
            
            
            
            
            
            
                
                    

                        
                            
                                Similar records in OSTI.GOV collections:

                                
                                	
            










                    Axial focusing of impact energy in the earth`s interior: A possible link to flood basalts and hotspots

                    
                        Conference
                            Boslough, M; Chael, E; Trucano, T; ... 
                            

                    We present the results of shock physics and seismological computational simulations that show how energy from a large impact can be coupled to the interior of the Earth. The radially-diverging shock wave generated by the impact decays to linearly elastic seismic waves. These waves reconverge (minus attenuation) along the axis of symmetry between the impact and its antipode. The locations that experience the most strain cycles with the largest amplitudes will dissipate the most energy and have the largest increases in temperature (for a given attenuation efficiency). We have shown that the locus of maximum energy deposition in the mantlemore » lies along the impact axis. Moreover, the most intense focusing is within the asthenosphere at the antipode, within the range of depths where mechanical energy is most readily converted to heat. We propose that if large impacts on the Earth leave geological evidence anywhere other than the impact site itself, it will be at the antipode. We suggest that the most likely result of the focusing for a sufficiently large impact, consistent with features observed in the geological record, would be a flood basalt eruption at the antipode followed by hotspot volcanism. A direct prediction of this model would be the existence of undiscovered impact structures whose reconstructed locations would be antipodal to flood basalt provinces. One such structure would be in the Indian Ocean, associated with the Columbia River Basalts and Yellowstone; another would be a second K/T impact structure in the Pacific Ocean, associated with the Deccan Traps and Reunion.« less
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                    Thermomechanical models of the Rio Grande rift

                    
                        Conference
                            Bridwell, R; Anderson, C
                            

                    Fully two-dimensional, coupled thermochemical solutions of a continental rift and platform are used to model the crust and mantle structure of a hot, buoyant mantle diapir beneath the Rio Grande rift. The thermomechanical model includes both linear and nonlinear laws of the Weertman type relating shear stress and creep strain rate, viscosity which depends on temperature and pressure, and activation energy, temperature-dependent thermal conductivity, temperature-dependent coefficient of thermal expansion, the Boussinesq approximation for thermal bouyancy, material convection using a stress rate that is invariant to rigid rotations, an elastically deformable crust, and a free surface. The model determines the freemore » surface velocities, solid state flow field in the mantle, and viscosity structure of lithosphere and asthenosphere. Regional topography and crustal heat flow are simulated. A suite of symmetric models, assumes continental geotherms on the right and the successively increasing rift geotherms on the left. These models predict an asthenospheric flow field which transfers cold material laterally toward the rift at > 300 km, hot, buoyant material approx. 200 km wide which ascends vertically at rates of 1 km/my between 175 to 325 km, and spreads laterally away from the rift at the base of the lithosphere. Crustal spreading rates are similar to uplift rates. The lithosphere acts as stiff, elastic cap, damping upward motion through decreased velocities of 1 km/10 my and spreading uplift laterally. A parameter study varying material coefficients for the Weertman flow law suggests asthenospheric viscosities of approx. 10/sup 22/ to 10/sup 23/ poise. Similar studies predict crustal viscosities of approx. 10/sup 25/ poise. The buoyant process of mantle flow narrows and concentrates heat transport beneath the rift, increases upward velocity, and broadly arches the lithosphere. 10 figures, 1 table.« less

                        
                            	Full Text Available


                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Seismic waves at the epicenter's antipode

                    
                        Journal Article
                            Rial, J; Cormier, V - J. Geophys. Res.; (United States)
                            

                    The antipodal region (178 /sup 0/< or =..delta..< or =180 /sup 0/) of a seismic wave source is investigated in detail and shown to provide a new set of remarkable data to use in the exploration of the earth's interior. Body and surface waves converge individually at antipodal distances after having sampled laterally the totality of the planet. The waves are focused and strongly amplified up to 1 order of magnitude with respect to the normal phase recorded 2 /sup 0/ or more away. The delicate interference patterns thus formed yield information on departures from lateral homogeneity and sphericity ofmore » the core and mantle, the structure of the inner core, global dissipation characteristics of the upper mantle, and provide strong constraints on earth models. Seismograms have been synthesized that closely reproduce the phases P/sub diff/, PKIKP, PKIIKP, PKP(BC), PKP, and PP observed at World-Wide Standard Seismographic Network long-period instruments located within 5 /sup 0/ from the antipode of the New Zealand Inangahua earthquake of May 23, 1968. Preliminary results indicate that the lower mantle and upper core are laterally homogeneous as seen by 15-s waves, but the core-mantle boundary region is probably laterally inhomogeneous. The inner core--outer core boundary appears to be a sharp transition with a P wave velocity jump of the order of 0.8 km/s. The resolution of the long-period data is poor, but the potential richness of the method when better data sets are available strongly motivated the investigation. Suggested future lines of research using antipodal observations include monitoring of inner core phases, study of focal processes of large earthquakes, and the exploration of planetary interiors.« less
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                    Interaction between lithospheric stretching and asthenospheric secondary convection: application to Suez rift evolution

                    
                        Conference
                            Moretti, I; Chenet, P - Am. Assoc. Pet. Geol., Bull.; (United States)
                            

                    Modeling of geodynamic rifting processes by lithospheric stretching does not adequately account for some rift features, such as the abrupt uplift of the rift shoulders. Using a thermomechanical model dealing with a non-Newtonian crust and mantle rheology, I. Moretti and C. Froidevaux suggested that the numerous continental rifts evolved from upward propagation of an asthenospheric thermal anomaly; an extensive regional stress would have caused these convective phenomena, as well as crustal thinning. Between 23 and 17 Ma, the Suez rift, as determined by tectonic subsidence studies, had an initial period of rapid subsidence over the entire width (80 km) ofmore » the rift. The subsidence nearly stopped between 18 and 13 Ma, probably as a result of the decreased extensional rate. The rift trough tends to narrow progressively, and active subsidence was restricted to the present-day Gulf of Suez (40-50 km) while the onshore areas began to uplift. This evolution has been modeled assuming an initial lithospheric stretching phase of a few million years of duration and a continuous asthenospheric upwelling away from the rift axis.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Regional geophysical setting of the Rio Grande rift

                    
                        Journal Article
                            Cordell, L - Geol. Soc. Am., Bull.; (United States)
                            

                    The Rio Grande rift encompasses uplifts of the southern Rocky Mountains and their southern extension as well as axial fault blocks. The rift widens irregularly southward from a narrow horst in Colorado into a broad collapsed vault, characterized by grabens, in southern New Mexico. Whether manifested by horsts or grabens, primarily extensional strain is involved which increases in magnitude southward. Extensional faulting along the rift occurred in Neogene to Quaternary time, but the rift follows an axis of Laramide, Pennsylvanian, and possibly earlier uplifts. Gravity gradients due to the low density of graben fill delineate major faults of the riftmore » system, which show a gridded or en echelon pattern over distances of tens of kilometers. Aeromagnetic data show these faults to be aligned with basement structural grain. Zigzags hundreds of kilometers long in the trend of the rift may also be related to basement grain. Basement trends in the Colorado Plateau to the west seem to differ in direction from those in the High Plains to the east. Seismic data also show that the rift occurs in an area of transition between anomalous crustal and upper mantle structure typical of the Cordillera and crustal structure typical of the High Plains. Deep seismic data are sparse within the rift, but high heat flow, high elevation, high electrical conductivity, and both residual positive (shallow source) and negative (deep source) gravity anomalies suggest the presence of symmetrical anomalous crustal and upper-mantle structure along the axis of the rift. In the Socorro area, where the rift has been studied intensively, available data indicate relatively low compressional velocity, rapid Holocene uplift, and the presence of magma within the crust. In view of geomorphic evidence for widespread Holocene faulting, the seismicity of the rift is surprisingly low.« less

                        
                            	https://doi.org/10.1130/0016-7606(1978)892.0.CO;2


                            
                            
                    

                    

                

            
        		
    
                                        
                                                                         
                                
                                
                            
                        
                                    
                                    
                                    
                    
                    
                        	 Similar Records


                        
                                
                    

                
            

            
            
            
            
        


        
    

        









	
		
                        

			
                            
                                	
                                        
                                            [image: U.S. Department of Energy]

                                        
                                    
	
                                        
                                            [image: Office of Science]

                                        
                                    
	
                                        
                                            [image: Office of Scientific and Technical Information]

                                        
                                    


                            

			

			
			
                            
                                	 Website Policies / Important Links
	 Contact Us
	
	Vulnerability Disclosure Program
	
	Facebook
	Twitter
	YouTube


                            

				
			

		
	
	





    

    









