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Introduction: Dawn’s year-long stay at Vesta al-

lowed comprehensive mapping of the shape, topogra-
phy, geology, mineralogy, elemental abundances, and 
gravity field using its three instruments and high-
precision spacecraft navigation. A gravity field accu-
rate to degree and order ~20 [1, 2] was obtained from 
high-accuracy data in the Low Altitude Mapping Orbit 
(LAMO). Multi-angle imaging in the Survey and High 
Altitude Mapping Orbits (HAMO-1 and HAMO-2) has 
provided adequate stereo coverage to develop a shape 
model accurate to ~10 m at 100 m horizontal spatial 
resolution. The shape and gravity of Vesta can be used 
to infer the interior density structure and investigate the 
nature of the crust, informing models for Vesta’s for-
mation and evolution. Significant Bouguer anomalies 
indicate density variations within the vestan crust and 
mantle, including a large mass concentration (mascon) 
associated with the Vestalia Terra highland. 
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Figure 1. Topography of the southern hemisphere with 
outlines of the Rheasilvia and underlying Veneneia 
impact basins.  Map is relative to a 285x285x229 ref-
erence ellipsoid. 
 

Southern Hemisphere Gravity and Topography:  
Figure 1 (top) shows a digital terrain model of the 
southern hemisphere of Vesta derived using stereopho-
togrammetry methods [1]. The shape of Vesta is dom- 
inantly ellipsoidal, except for the large Rheasilvia and 
Veneneia impact basins centered near the south pole. 
The highest topography relative to an average ellipsoi-
dal figure surrounds the Rheasilvia basin and is associ-
ated with its ejecta. The southern hemisphere topogra-
phy relative to a biaxial ellipsoid of 229 km by 285 km 
ranges from approximately -22.5 to 19.5 km, whereas 
the range in the northern hemisphere is -22 to 7.7 km.  

The gravity field of Vesta at degree and order 20, 
excluding degree 1 and J2, ranges from -1000 to 2000 
mgals, and is highly correlated to the topography [2, 3]. 
Applying a Bouguer correction results in an anomaly 
field ranging over hundreds of mgal, roughly 10% of 
the gravity field. The Bouguer gravity is calculated 
relative to a three-layer core-mantle-crust model using 
layer dimensions derived from a mass balance model 
that matches J2 and that are consistent with geochemi-
cal constraints from the HED meteorites. The model is 
shown in Figure 2. In this model the core is 110 km 
radius and the crust averages ~19 km in thickness, with 
the top surfacefollowing the shape model and bottom 
defined by the ellipsoidal mantle layer. 
 

 
Figure 2.  Three layer model used to calculate 
Bouguer gravity. 
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Considerable variation is seen in the crust/mantle 
density contrast that minimizes the major Bouguer 
anomalies in different regions of Vesta. Shown in Fig-
ure 3 are two Bouguer anomaly maps of the vestan 
southern hemisphere. The top map is made assuming a 
crust and mantle density of 2800 kg/m3 and 3300 
kg/m3, respectively, and the bottom one assumes no 
density contrast between the crust and mantle (avg. 
3100 kg/m3). Significant features of the gravity maps 
shown in Figure 3 are the large positive anomaly asso-
ciated with the high topography of Vestalia Terra at the 
western intersection of the Rheasilvia and Veneneia 
basins, a weaker positive over the central mound of the 
Rheasilvia (RS) basin, and negative anomalies associ-
ated with the eastern rim of Rheasilvia and most of the 
Veneneia basin. A second large positive anomaly is 
seen over the equatorial troughs at the northeastern 
edge of the RS basin. 

The maps in Figure 3 indicate variations in the 
crustal thickness and density across the southern hemi-
sphere. The top map that assumes a significant 
crust/mantle density contrast minimizes the Bouguer 
gravity within the RS basin, and results in slightly neg-
ative anomalies following the eastern and northern ba-
sin rims. The positive anomaly over Vestalia Terra is 
very strong for this density contrast, indicating crustal 
thinning, and higher overall density in this region. The 
lower density associated with the eastern rims is con-
sistent with the presence of porous ejecta with density 
lower than the average vestan crust. 

The higher density implied for the RS central 
mound in both models indicates thin crust and uplifted 
mantle at the central mound, in agreement with the 
presence of diogenitic material identified in VIR data 
[4].  

Vestalia Terra Mascon: The positive Bouguer 
anomaly over Vestalia Terra (VT) represents a signifi-
cant mascon relative to the average bulk silicate densi-
ty of Vesta [5], as shown by its persistence in the mod-
el at bottom. The gravity data indicate that the RS ejec-
ta are resting on a dense topographic rise that likely is 
composed of ultramafic mantle material. The density of 
the underlying rise also appears higher than the mantle 
elsewhere in the southern hemisphere. The high topog-
raphy at VT pre-dates the Rheasilvia and older Vene-
neia impacts as these basins carve the edges of VT, as 
seen in Figures 1 and 3. Thus, the density structure of 
Vestalia Terra may be indicative of a more primordial 
state of the vestan interior. It is difficult to probe the 
nature of the bedrock beneath the mantling RS ejecta, 
but several small impact craters indicate at least local-
ized presence of diogenitic material [6].  The origin of 
VT could be the result of magmatic processes during 

Vesta’s early evolution, or may be explained by varia-
ble impact gardening of the vestan crust and mantle. 

 

Figure 3. Color contour Bouguer anomaly maps in 
mgals of the southern hemisphere of Vesta. Top: 
Bouguer gravity field calculated using crustal density 
of 2800 kg/m3 and mantle density of 3300 kg/m3. Bot-
tom: Bouguer gravity field assuming no crust/mantle 
density contrast with a density of 3100 kg/m3.  
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