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Introduction:  Vesta’s spectrum shows prominent 
absorption features centered at approximately 0.9 and 
1.9 μm (hereafter labeled as BI and BII, respectively), 
indicative  of  Fe-bearing  pyroxenes.  Vesta  exhibits 
spectral variations at both large and small scales, but 
the materials on the surface are always dominated by 
rocks formed via mafic magmatism,  as  indicated  by 
the above-mentioned ubiquitous pyroxene signatures.

These bands are caused by absorption of photons, 
primarily by Fe2+, and their exact position and shape 
are driven by the relative proportion of Fe to Mg in 
the  M1  and  M2  crystallographic  sites  of  pyroxene 
crystal  structures.  The pyroxene composition, i.e. the 
molar Ca, [Wo] and Fe, [Fs] contents can be obtained 
from the values of the absorption band centers  of BI 
and BII.

Data  Analysis: The  Visible  and  Infrared 
spectrometer  (VIR)  aboard  Dawn  is  the  main 
instrument  for  mapping  the  surface  mineralogy  of 
Vesta [1]. VIR is able to acquire hyperspectral images 
in the overall range from 0.2 to 5 microns, sampled in  
864  spectral  channels.  VIR  acquired  data  during 
Approach, Survey, High Altitude Mapping (HAMO-1 
and  -2)  and  Low Altitude  Mapping  (LAMO)  orbits 
that provided very good coverage of the surface.

VIR spectra have been analyzed to derive spectral 
parameters,  each  of  which  is  diagnostic  of  the 
associated  mineralogy present  on  the  surface  of the 
observed asteroid. 

The relationship between these spectral parameters 
and  the  mineralogy  of  the  sample  observed, 
particularly pyroxene and olivine, has been studied in 
various papers over the last years  [2-4].

Band  centers  are  among  the  most  important  
diagnostic  parameters  of  the  mineralogy  in  a 
spectrum:  in  most  pyroxenes  and  in  the  basaltic 
achondrites there is a strong correlation between the 
position of BI center and BII center and the associated 
mineralogy.  For  example,  orthopyroxene bands  shift 
towards longer wavelengths with increasing amounts 
of  iron,  whereas  clinopyroxene  bands  shift  towards 
longer wavelengths with increasing calcium content.

The pyroxene composition, i.e. the molar Ca, [Wo] 
and Fe, [Fs] contents can be obtained from the values 
of the  absorption  band  centers  of BI and  BII  using 
equations  derived  by  exhaustive  laboratory 
calibrations performed by several authors [2-6]. These 
equations have been recompiled by [4] for pyroxenes 
and  by [6] for HED meteorites and  are here used to 

derive the [Wo] and [Fs] contents for Vesta using VIR 
spectra.

Results: Vesta [Wo] and [Fs] contents have been 
mapped across Vesta (Fig. 1 and Fig. 2). These maps 
represent  the  mean  value  of  [Wo]  and  [Fs]  values 
binned over a 15° degree grid to ease the comparison 
with  GRaND  data.  Different  regions  of  Vesta  are 
characterized  by distinct  [Wo]  and  [Fs]  content  as 
expected  due  to  the  mineralogical  diversity  yet 
mapped  [7,8].  Following  the  laboratory  calibration 
described  above,  the  [Fs]  content  varies  from about 
30% to 45%, while [Wo] lies between about 5% and 
10% across Vesta.

Lowest  values  are  found  at  Severina  and  in  the 
RheaSilvia  basin,  where  the  prominent  impact 
excavated  a  large  amount  of  material,  exposing 
diogenites.  The  higher  values  are  found  in  the 
equatorial  region,  where eucrites are more abundant. 
Different proportions of [Wo] and [Fs] are identifiable 
also on the rest of the surface of Vesta, and their maps 
reveal  the  compositional  diversity  of  the  asteroid. 
Most of Vesta is consistent with a surface covered by a 
howardite-like regolith containing varying proportions 
of eucrite and diogenite at different locations.

Conclusions: the  comparison  between  Fs  maps 
produced by VIR and Fe maps derived by GRaND can 
be integrated to get a bulk pyroxene and plagioclase 
distribution.
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Fig. 1. Distribution of Fs derived by VIR spectral parameters

Fig. 2. Distribution of Wo derived by VIR spectral parameters
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