







    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: 31 August 2016



                    Aggregate dust particles at comet 67P/Churyumov–Gerasimenko

                    	Mark S. Bentley1 na1, 
	Roland Schmied1 na1, 
	Thurid Mannel1,2 na1, 
	Klaus Torkar1, 
	Harald Jeszenszky1, 
	Jens Romstedt3, 
	Anny-Chantal Levasseur-Regourd4,6,5, 
	Iris Weber7, 
	Elmar K. Jessberger7, 
	Pascale Ehrenfreund8,9, 
	Christian Koeberl10,11 & 
	…
	Ove Havnes12 

Show authors

                    

                    
                        
    Nature

                        volume 537, pages 73–75 (2016)Cite this article
                    

                    
        
            	
                        3465 Accesses

                    
	
                        138 Citations

                    
	
                            216 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Asteroids, comets and Kuiper belt
	Early solar system


    


                
    
    

    
    

                
            


        
            Abstract
Comets are thought to preserve almost pristine dust particles, thus providing a unique sample of the properties of the early solar nebula. The microscopic properties of this dust played a key part in particle aggregation during the formation of the Solar System1,2. Cometary dust was previously considered to comprise irregular, fluffy agglomerates on the basis of interpretations of remote observations in the visible and infrared3,4,5,6 and the study of chondritic porous interplanetary dust particles7 that were thought, but not proved, to originate in comets. Although the dust returned by an earlier mission8 has provided detailed mineralogy of particles from comet 81P/Wild, the fine-grained aggregate component was strongly modified during collection9. Here we report in situ measurements of dust particles at comet 67P/Churyumov–Gerasimenko. The particles are aggregates of smaller, elongated grains, with structures at distinct sizes indicating hierarchical aggregation. Topographic images of selected dust particles with sizes of one micrometre to a few tens of micrometres show a variety of morphologies, including compact single grains and large porous aggregate particles, similar to chondritic porous interplanetary dust particles. The measured grain elongations are similar to the value inferred for interstellar dust and support the idea that such grains could represent a fraction of the building blocks of comets. In the subsequent growth phase, hierarchical agglomeration could be a dominant process10 and would produce aggregates that stick more easily at higher masses and velocities than homogeneous dust particles11. The presence of hierarchical dust aggregates in the near-surface of the nucleus of comet 67P also provides a mechanism for lowering the tensile strength of the dust layer and aiding dust release12.
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                    Figure 1: AFM topographic images of particles A, B and C and their sub-units.[image: ]


Figure 2: AFM topographic images of particle D and its sub-units.[image: ]


Figure 3: AFM topographic images of particle E, showing its sub-units and their size distribution.[image: ]
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Extended data figures and tables

Extended Data Figure 1 The geometry of the exposures where particles A, B and C were collected.
All exposures are marked by green bars. The top panel shows the distance of Rosetta from the comet (blue) and the off-nadir angle (red). The lower panel shows the latitude and longitude of the point on the comet below the spacecraft (the sub-spacecraft latitude and longitude) in blue and red, respectively. The heliocentric distance (between the comet and the Sun) during this exposure was 2.25 au.


Extended Data Figure 2 The geometry of the exposures where particle D was collected.
All exposures are marked by green bars. The top panel shows the distance of Rosetta from the comet (blue) and the off-nadir angle (red). The lower panel shows the sub-spacecraft latitude and longitude in blue and red, respectively. The heliocentric distance during this exposure varied between 2.54 au and 2.41 au.


Extended Data Figure 3 The geometry of the exposures where particle E was collected.
All exposures are marked by green bars. The top panel shows the distance of Rosetta from the comet (blue) and the off-nadir angle (red). The lower panel shows the sub-spacecraft latitude and longitude in blue and red, respectively. The heliocentric distance during this exposure varied between 2.85 au and 2.52 au.


Extended Data Figure 4 Topographic cross-sections demonstrating the identification of sub-units.
a, Topographic image of particles A, B and C. Dashed blue, red and green lines show where the cross-sections of particle A, B and C, respectively, were made. The colour scale represents the height. b, Height profiles of the three cross-sections shown in a, demonstrating how sub-grains were identified (blue and green arrows) and revealing slopes of 60°–70° with the substrate surface.


Extended Data Figure 5 Tip–sample convolution effects.
a, b, Simulated AFM images (colour scale indicates the height) providing a comparison between a spherical particle imaged with an ideal, infinitely sharp tip (a) and with a cone-shaped tip with an opening angle of 30° (b), which is similar to that of the MIDAS tips14. c, d, The corresponding cross-sections through the centre of the structures (y axis shows the height). The black dashed curves show the spherical particle and the blue lines depict the topography as measured with infinitely sharp and cone-shaped tips, respectively. The measurement of the volume of the spherical particle is exaggerated by 25% for the delta-shaped tip and by 50% for the cone-shaped tip. The maximum height measurement is not affected by the tip–sample convolution.


Extended Data Table 1 Scan parameters of the primary AFM topography scans shown in Figs 1, 2, 3Full size table
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        Editorial Summary
Rosetta's brush with cometary dust
Mark Bentley et al. report in situ measurements of dust particles at comet 67P/Churyumov–Gerasimenko, obtained using the MIDAS instrument on the Rosetta spacecraft, the first atomic force microscope to be launched into space. The particles are revealed to be aggregates of smaller, elongated grains, with structures at distinct sizes indicating hierarchical aggregation. The dust particles show a variety of morphologies, from compact single grains to large porous aggregate particles, similar to chondritic porous interplanetary dust particles, supporting the suggestion that the latter are of cometary origin.
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