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Introduction: During a year-long orbital mission,  

the Dawn spacecraft acquired unprecedented views of 
the structure and morphology of 4 Vesta. A differenti-
ated protoplanet, Vesta holds 9% of the mass of the 
main asteroid belt, and has undergone extensive evo-
lution since its formation. The main alteration proc-
esses include impact events with subsequent melting 
and excavation, mass wasting, and possible outgassing 
of water and other volatiles. Perhaps the most promi-
nent geologic feature on the asteroid is a set of at least 
two overlapping  basins in the South Pole, Rheasilvia 
and Veneneia, which are due to impacts occurring at 
least one billion years ago, with the Veneneia feature 
predating the other basin [1]; see Figure 1. For sim-
plicity we refer to this feature as Rheasilvia.  

 

 
Figure 1: A Dawn image of the Rheasilvia south polar 
basin, believed to be the source of the HED meteorites 
and the vestoids (V-class) of asteroids. 

 
 A large family of asteroids, the vestoids, or V-

types, share spectral characteristics with Vesta that 
strongly suggest they came from it [2], perhaps origi-
nating in the impact event that produced the Rheasil-
via complex. Finally, the Howardite-Eucrite-Diogenite 
(HED) class of meteorites also shares spectral simi-
larities to Vesta and the vestoids. The chemical differ-
ences among the HEDs imply that Vesta is a differen-
tiated body and that the impact which propelled the 
fragments of Vesta towards the Earth excavated dif-
ferent layers.   

In this abstract, we investigate the interrelation-
ships between Vesta, the vestoids, and HED meteor-
ites with three data sets: Dawn Framing Camera (FC) 
images, our own  telescopic observations of Earth-
approching vestoids [3], and the RELAB archived 
data base that includes over 100 spectra of HEDs [4]. 
The Dawn images provide the first opportunity to in-
vestigate the connection between the HEDs and ves-
toids, and specific regions on the asteroid’s surface. In 
particular, we are seeking a connection between the 
Rheasilvia basin and HEDs. Did the latter begin their 
journey to Earth as a result of the large impact that 
formed the South Polar Basin?   

Data Analysis:  The Framing Camera (FC) on 
Dawn was designed to study the geology, morphology, 
and spectral properties of the surface of Vesta [5]. The 
FC possesses 1024 X 1024 individual detectors sensi-
tive over the visible and near-IR range (0.40 to 1.05 
µm) with seven filters at 0.43, 0.55, 0.65, 0.75, 0.83, 
0.92, and 0.98 µm spanning this range. Although de-
tailed compositional analyses cannot be done with 
only a few filters and a limited spectral range, two of 
the most important spectral features of Vesta can be 
studied with the FC: the slope between 0.4 and 0.7 µm 
and the depth of the pyroxene absorption band at 0.92 
µm. The position of this latter band is a sensitive indi-
cator of pyroxene geochemistry: the minimum occurs 
at shorter wavelengths for magnesium-rich diogenites 
than for more iron-rich eucrites.  

A group of FC images obtained during the ap-
proach and survey periods which encompass the sur-
face of the entire asteroid were selected. These images 
include a view of Vesta without Rheasilvia, a global 
view with Rheasilvia, and a view of Rheasilvia only. 
Images in each of the key wavelengths (0.43 µm, 0.73 
µm, 0.93 µm) were calibrated with the Dawn team 
calibration procedures available with the ISIS-3 soft-
ware. These procedures included geometric correc-
tions, flatfielding, bias subtraction, radiometric correc-
tions, and removal of the solar spectrum. For each of 
the three views, a spectral ratio of 0.43 µm/0.75 µm 
(“Blue/Red”) and 0.92 µm /0.75 µm (“IR/Red”) was 
obtained. The first ratio represents the visible slope 
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caused by the broad charge transfer absorption band, 
with a smaller ratio representing a steeper slope, while 
the second ratio represents the depth of the pyroxene 
bands, with a smaller number representing a deeper 
band.  

Similar spectral ratios were computed for all the 
Earth-approaching V-type asteroids studied as part of 
the Dawn observing campaign [3]; these data were 
augmented with previously published observations of 
aditional objects [6].  For the third group of objects, 
the HED meteorites, we extracted spectra from the 
RELAB spectral library [4] and computed Blue/Red 
and IR/Red ratios.  

Results: Figure 2 shows the preliminary results of 
our study. (For comparison we show other similar 
“stoney” asteroid classes, including S-type [7], and  Q- 
and A-types [6]).  

 
Figure 2. A color-color plot showing the visible slopes 
(y-axis) and the band depth (x-axis) of vestoids (black 
dots), the regions of Vesta that do not include the 
Rheasilvia Basin (pastel orange), and the Rheasilvia 
Basin (pink). The purple and dark blue dots are ex-
amples of spectra from the RELAB archive. For com-
parison, other stony asteroids are shown, illustrating 
that only the vestoids match the spectral properties of 
Vesta. (Note that the V-type and Q-type are NEOs, 
while the S-type and A-type are Main Belt bodies.)     
 
Figure 2 shows that the spectral properties of the V-
class of asteroids are more akin to Vesta as a whole, 
rather than the Rheasilvia south polar basin, suggest-
ing that the crustal material ejected is a well-mixed 
conglomeration of eucritic and diogenitic materials.      
      Discussion: The discrepancy between the spectral 
properties of the HED meteorites and Vesta, in par-
ticular the deeper pyroxene absorption band exhibited 
by the meteorites, and the redder color of the vestoids, 
can be explained by a combination of the effects of 

space weathering and of different particle sizes.  The 
space weathering exhibited on Vesta is entirely unlike 
that of the Moon and asteroids: instead of being due to 
the presence of nanophase metallic iron formed by 
impact melting[8], it is caused by the augmentation of 
low-albedo exogenous particles and by the comminu-
tion of particles through time by impact processes 
[9,10]. The former (“lunar”) mechanism of weather-
ing darkens and reddens the surface, but for Vesta the 
fresher regions are in fact redder [9]. In the lower im-
pact velocity regime of Vesta, brecciation is more im-
portant than impact volatization: this form of space 
weathering is essentially mechanical rather than 
chemical. In this scenario, the HEDs are in the correct 
place in Figure 2 for a “fresher”, less weathered sur-
face. The redder color of the vestoids is also explained 
by space weathering: their surfaces are “fresher” than 
that of Vesta. 
     Our results agree with those of an analysis done 
with Dawn Visible and Infrared spectrometer  camera 
(VIR) observations showing that the Rheasilvia basin 
is more diogenitic than other regions of Vesta [11].  
The VIR analysis was done based on the character 
(depth and position) of the pyroxene absorption band 
in the infrared region of the spectrum near two mi-
crons.   
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