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Introduction: Telescopic studies of the surface of 

Vesta have long shown that the reflectance character-
isitics resemble those of the howardite-eucrite-
diogenite (HED) meteorites  [e.g., 1]. Vesta's surface 
does not exhibit the spectral effects associated with 
exposure to the space environment that are found on 
the Moon. These spectral effects include diminution of 
the strength of absorption bands near 1 and 2 µm pro-
duced by ferrous iron in silicates, a decrease in albedo, 
and an increase in the near-infrared (NIR) continuum 
slope (reddening) [e.g., 2, 3]. Lunar-style space weath-
ering (LSSW) is caused by the presence of nanometer-
size blebs and coatings of metallic iron ("nanophase 
iron", npFe0) produced during bombardment of the 
regolith by solar-wind ions and by micrometeoroids [4, 
5]. The lack of LSSW on Vesta is puzzling, because S-
type asteroids undergo spectral changes consistent with 
production of npFe0 by the solar wind [6]. In order to 
understand space weathering in general it is important 
to determine why Vesta does not experience LSSW. 

The Dawn spacecraft reached Vesta in July 2011 
and spent more than one Earth year in orbit [e.g., 7]. 
The Dawn data affords the opportunity to examine 
regolith maturation in relation to geological features. 
Initial work [8] confirmed a general lack of LSSW. 
Instead, regolith evolution is dominated by admixture 
of a low-reflectance component, likely carbonaceous-
chondrite (CC) material of exogenic origin [9-11]. 

We are conducting a detailed examination of Ves-
ta's surface features using seven-color Dawn Framing 
Camera (FC) [12] images in order to further character-
ize space-weathering trends on Vesta and to determine 
if variations in style can be related to compositional or 
terrain differences across the asteroid.  We use Hapke's 
radiative transfer intimate mixing model [5] to predict 
the spectra of assemblages of Vesta-like minerals with 
varying degrees of LSSW. Spectral parameters defined 
using the model spectra are compared to those found 
from FC observations of various surfaces on Vesta. 

Data and Model: Our Hapke spectral mixing 
model is adapted from one employed for a variety of 
lunar and meteoritic studies [13]. We modeled spectra 
for a generic howardite-like mineral assemblage con-
sisting of 55% orthopyroxene, 15% clinopyroxene, and 
30% anorthite. The Mg# was set to 78 and all grain 
sizes were assumed to be 40 µm. Spectra were com-

puted for five abundances of npFe0: 0, 0.1, 0.7, 1, and 
5 parts per thousand. The model spectra are shown in 
Fig. 1, along with a VIR [14] reference spectrum for an 
area near Canuleia crater [8] and a lab spectrum for a 
howardite meteorite. The model spectra represent the 
progression that would be observed if LSSW was tak-
ing place. Note that the model spectrum without npFe0 
matches the lab spectrum of the howardite quite well. 

Predicted LSSW on Vesta: The spectra in Fig. 1 
show the expected trends of decreased band depth, 
decreased reflectance, and increased NIR slope as 
npFe0 abundance increases. Spectral trends can be 
conveniently parameterized by examining the way in 
which albedo and key reflectance ratios change with 
increasing npFe0 abundance. Figs. 2 and 3 present 
plots of ratios at Dawn FC wavelengths. The 438-
nm/653-nm reflectance ratio is a measure of the slope 
in the visible range. The 917-nm/ 653-nm ratio is con-
trolled both by the depth of the "1-µm" band and by 
the NIR slope. With increasing maturity, reflectance 
decreases, the 438-nm/653-nm ratio decreases as the 
slope in the visible flattens, and the 917-nm/653-nm 
ratio increases as the 1 µm band becomes shallower. 

 
Fig. 1. Model spectra for a generic howardite space-
weathered by increasing the abundance of npFe0. Thin 
black curve: RELAB spectrum for the Le Teilleul how-
ardite. The crosses are the VIR reference spectrum [8]. 
 

Comparison with Vesta observations: Images 
from Dawn's high-altitude mapping orbit (HAMO) 
were mosaicked and coregistered into seven-band im-
age cubes at 60 meters/pixel. Regions-of-interest 
(ROIs) were defined around selected impact craters in 
order to capture the range of surface maturity from 
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freshly exposed material near the rim grading into the 
more mature background. Two-dimensional pixel scat-
terplots of the 438- and 917-nm/653-nm ratios vs. the 
653-nm reflectance illustrate the soil maturation 
trend(s) at each location and for comparison with the 
predicted lunar-style trends shown in Figs. 2 and 3.  

 

 
Figs. 2 and 3. Ratio-reflectance plots for the model 
spectra of Fig. 1. 
 

A rectangular ROI was defined adjacent to the crater 
Vibidia (~8 km diam.), beginning at the southwest rim 
and traversing approximately five crater diameters to 
the southwest. Figures 4 and 5 are the ratio-reflectance 
plots for this region. The 438-nm/653-nm ratio image 
pixel scatterplot (Fig. 4) reveals that lower-reflectance 
areas have a higher ratio, the opposite of the trend ex-
pected for LSSW. This is consistent with the prior re-
port [8]. The trend revealed in Fig. 4 is reminiscent of 
the trend found in the lunar maria [e.g., 15], wherein 
increasing abundance of ilmenite causes reflectance to 
decrease while flattening the spectrum. On Vesta, this 
darkening is instead likely to be caused by addition of 
CC material [8-11, 16]. At Vibidia, the 917-nm/653-
nm ratio increases (1 µm band weakens)  as reflectance 
decreases. This effect can be produced by LSSW, but 
is also consistent with admixed low-reflectance CC 
material. The two separate trends revealed in Fig. 5 
hint at differences in composition. We are examining a 

number of additional areas on Vesta to document the 
range of space weathering styles, and plan to compute 
model mixture spectra that include both npFe0 and CC 
to determine the extent to which low degrees of LSSW 
could be masked by the presence of CC in the regolith. 

 

 
Figs. 4 (top) and 5 (bottom). FC image ratio-reflectance 
plots for a region adjacent to Vibidia crater. 
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