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Introduction: 4 Vesta is the first V-type asteroid 

to be studied in detail by a spacecraft. Dawn arrived at 
Vesta in July 2011 and after approach and survey or-
bits began to execute a year-long study of the asteroid. 
Fig. 1 shows a global image from the Framing Cam-
era. Dawn’s range in observed viewing geometries, 
especially large solar phase angles not attainable from 
Earth, and its instruments that cover spectral ranges 
blocked by the Earth’s atmosphere, enabled a detailed 
study of the physical photometric properties, including 
roughness, albedo corrected for viewing effects, and 
the directional scattering properties. Physical proper-
ties that can be derived from small phase angles, such 
as the compaction state of the surface, are still best 
derived from ground-based observations, as small an-
gles were never attained during the Dawn mission.   
Preliminary results from Dawn on the albedo of Vesta 
and its roughness, when combined with observations 
and modeling of V-type asteroids, show that these 
bodies are different from other classes of asteroids. 

 
Figure 1. This image of 4 Vesta from Dawn shows 

that the macroscopic surface roughness of the asteroid 
varies widely across the body. For example, there is a 
smooth terrain adjacent to the three touching craters 
near the left limb and a much rougher region near the 
dark crater in the center of the body. Also evident is 
the wide range in albedos on the surface.  

 
Roughness:  Macroscopic surface roughness in-

cludes features such as craters, mountains, ridges, and 
clumps of particles. Photometric modeling of these 
features is especially powerful, as the effects of fea-
tures below the resolution limit of the camera are  

included. Preliminary modeling of a phase curve in-
cluding V-type asteroids and Vesta shows that their 
roughness is higher than that of S-types and C-types, 
which suggests a more violent collisional history [1]. 
Fig. 2 shows a comparison of IAU model fits to the 
main classes of asteroids. 

 
Figure 2. The position of 4 Vesta in albedo and 

IAU phase curve parameter g, where a smaller g cor-
responds to a steeper solar phase curve characteristic 
of low-albedo bodies. Vesta is closest to S-type aster-
oids, although its albedo is higher. Adapted from [2].  

 
Albedo:  Previous spacecraft missions to asteroids 

revealed that albedo variegations on these bodies 
tended to be minor. For example, 951 Gaspra had 
variegations of about 20% [3], while Eros had larger 
variegations of up to a factor of two [4].  Variegations 
on Vesta are at least a factor of five.  
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