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Introduction:  Two principal lines of evidence may be 

used to support the idea that olivine is present in near-

surface materials on Vesta. The first is a theoretical 

approach based upon petrogenetic models involving 

chondritic precursors (e.g. [1]), the other relying on 

empirical correlation with petrographic analysis of the 

Howardite-Eucrite-Diogenite (HED) meteorite clan 

which has been shown to contain some olivine-rich 

members [2, 3, 4]. A third but weaker line of evidence 

is given by near IR telescopic observations that suggest 

the presence of olivine on the vestan surface [5,6].  

The Dawn mission has been in orbit around Vesta for 

approximately 1 year, taking color and hyperspectral 

images by means of the Framing Camera (FC) [7] and 

the Visual and InfraRed spectrometer (VIR)  [8] and 

mapping the surface elemental composition at regional 

spatial scales by means of the Gamma Ray and Neutron 

Detector (GRaND) [9]. Dawn has confirmed that Vesta 

has surface lithologies that span from eucritic to diog-

enitic and a strong dichotomy between the southern 

hemisphere (Rheasilvia impact basin) and the rest of 

the body has been found.  

Data from the VIR spectrometer show that there are 

considerable regional and local compositional varia-

tions across the asteroid and that the diogenitic compo-

nents are concentrated mainly in the southern regions, 

inside the Rheasilvia basin [10]. So far no clear spec-

troscopic evidence for extensive olivine deposits has 

been found at Vesta, even if possible detections have 

been recently reported [11] . We investigate here the 

possibility to detect olivine rich regions on the vestan 

surface by means of hyperspectral data acquired by the 

VIR instrument 

 Spectral Indexes: We review and test all the possible 

spectral indexes suitable for olivine detection, from the 

Band Area Ratio (BAR) and the Band I Center [12], to 

the spectral indexes used so far for investigating the 

olivine and high calcium rich regions on Mars, i.e. For-

sterite Index, High Calcium Pyroxene (HCP) Index 

[13,14] and OLVIndex [15]. From the RELAB data-

base, laboratory spectra of HED and mixtures of oli-

vine (OL) and pyroxenes (low and high calcium-LCP 

& HCP) have been selected, to understand how the 

spectra behave in response to variations in olivine 

abundance, with the aim of calibrating olivine abun-

dance taking into account grain size effects and the 

influence of high calcium pyroxenes. 

Samples: Mixtures at different olivine abundance were 

selected: a LCP+OL binary mixture and two series of 

LCP+HCP+OL ternary mixtures (with LCP/HCP 

abundance ratio equal to 6 and 1, respectively). The 

difference in composition between the RELAB samples 

labeled HCP and the LCP is very small, being the LCP 

an hypersthene and the HCP a low-calcium augite. 

HED comparison. In the perspective of a Vesta ap-

plication, we selected eucrites, diogenites and howard-

ites to understand how their spectra respond to the in-

dexe analysis. 

Grain size influence.  As shown by [13],  grain size 

can have a large influence on the olivine index values. 

To quantify this effect, we selected several HED sam-

ples at different grain size (0-25 m, 25-45 m, 45-75 

m, 75-125 m and 125-250 m) 

Results: All the olivine index values increase in a line-

ar fashion as the olivine abundance in the mixture in-

crease (see Fig. 1). The presence and relative abun-

dance of HCP tends to increase the index values, lead-

ing to  a false  olivine abundance, about 20% higher 

than the real. Unassisted application of the indexes to 

HED spectra can provide questionable results, e.g. 

olivine content as high as 50-60% for olivine free sam-

ples. 

This in part can be explained by the different grain size 

of the two datasets. As a matter of fact, at decreasing 

grain size, Forsteruite Index and OLVIndex increase, 

whereas BAR decreases, leading to an overestimation 

of the olivine content. Even if the BAR seems to be 

less sensitive to grain size, absolute calibration is criti-

cally dependent on how this index is defined. In this 

work, we use the definition of [12]. In order to make a 

more sensitive tool we built scatterplots coupling to-

gether the indexes. Among them, the best scatterplot 

seems to be the OLVIndex vs BAR. (shown in Fig.2). 

There is a general linear path that mixtures added with 

olivine follow. If we exclude the mixtures with low 

olivine content (< 30%), below the lines we will find 

mixtures with olivine and grain sizes larger than 38 

m, only. As a first application of our methodology we 

chose two typical samples of dark and bright regions 

on Vesta, observed during the Approach phase of the 

mission. The data were photometrically corrected by 

means of the Hapke parameters, whose values where 

retrieved by FC and VIR data, for the visible and infra- 
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red channel, respectively [16]. 

As shown in Figure 2, VIR data cloud is located in the 

HED area of the OLVIndex-BAR scatterplot.  

This result confirms that our methodology is well suit-

able for a Vesta-VIR application. Our next step is to 

extend our analysis to the entire dataset of VIR to pos-

sibly detect and quantify olivine presence on the sur-

face of Vesta.  

 
 Figure 1. Behavior of Forsterite Index, BAR and 

OLVIndex vs the olivine abundance for the binary and 

ternary mixtures of OL+LCP (black) and 

OL+LCP+HCP (red:LCP/HCP=6; green:LCP/HCP=1), 

having grain size between 0 and 38 m. 

 

Figure 2. OLVIndex vs BAR scatterplot. The blue, 

yellow and green dots are the pyroxene-olivine mix-

tures taken from RELAB. The cyan ellipse surrounds 

the HED-Vesta region (cyan asterisks: HED, black: 

Vesta dark region, purple: Vesta bright region). The 

black circle indicates the position of an Olivine Rich 

Diogenite from the dataset of [17]. Its departure from 

the olivine mixture lines is due to the different grain 

size. 
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