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            Abstract
Remote observations of the asteroid (1) Ceres from ground- and space-based telescopes have provided its approximate density and shape, leading to a range of models for the interior of Ceres, from homogeneous to fully differentiated1,2,3,4,5,6. A previously missing parameter that can place a strong constraint on the interior of Ceres is its moment of inertia, which requires the measurement of its gravitational variation1,7 together with either precession rate8,9 or a validated assumption of hydrostatic equilibrium10. However, Earth-based remote observations cannot measure gravity variations and the magnitude of the precession rate is too small to be detected9. Here we report gravity and shape measurements of Ceres obtained from the Dawn spacecraft, showing that it is in hydrostatic equilibrium with its inferred normalized mean moment of inertia of 0.37. These data show that Ceres is a partially differentiated body, with a rocky core overlaid by a volatile-rich shell, as predicted in some studies1,4,6. Furthermore, we show that the gravity signal is strongly suppressed compared to that predicted by the topographic variation. This indicates that Ceres is isostatically compensated11, such that topographic highs are supported by displacement of a denser interior. In contrast to the asteroid (4) Vesta8,12, this strong compensation points to the presence of a lower-viscosity layer at depth, probably reflecting a thermal rather than compositional gradient1,4. To further investigate the interior structure, we assume a two-layer model for the interior of Ceres with a core density of 2,460â€“2,900â€‰kilograms per cubic metre (that is, composed of CI and CM chondrites13), which yields an outer-shell thickness of 70â€“190â€‰kilometres. The density of this outer shell is 1,680â€“1,950â€‰kilograms per cubic metre, indicating a mixture of volatiles and denser materials such as silicates and salts14. Although the gravity and shape data confirm that the interior of Ceres evolved thermally1,4,6, its partially differentiated interior indicates an evolution more complex than has been envisioned for mid-sized (less than 1,000â€‰kilometres across) ice-rich rocky bodies.




            
                
                    

    
        
            
                
                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
            
        

        
    



                    
                

                
    
    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
        



    

                
                    Figure 1: Mollweide projection of topography and the Bouguer anomaly.[image: ]


Figure 2: Ceres gravity and error magnitude spectra of normalized spherical harmonic coefficients7,8.[image: ]


Figure 3: Ceres core and shell densities computed by numerical integration of Clairautâ€™s equations of hydrostatic equilibrium9.[image: ]
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        Editorial Summary
Geophysical observations of dwarf planet Ceres
This paper presents geophysical observations of Ceresâ€”the closest dwarf planet to the Sun, in an orbit between those of Mars and Jupiterâ€”based on radio tracking and onboard image data acquired by the Dawn spacecraft. Gravity and shape measurements provide a key parameter that has been unobtainable through remote observationsâ€”the moment of inertia. Ceres is shown to be in hydrostatic equilibrium with an inferred normalized mean moment of inertia of 0.37. The Dawn spacecraft data and analysis reported here give the first constraints on the interior structure of a dwarf planet. Ceres emerges as a partially differentiated body, with a rocky core overlaid by a volatile-rich icy shell.
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