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Introduction:    VIR, the visible-near infrared 

spectrometer aboard Dawn, has both the spectral range 

and resolution needed for mapping the surface miner-

alogy of Vesta [1].  Discriminating the spectra of oli-

vine from that of  pyroxene requires the spectral range 

and resolution of VIR.  Identifying olivine-rich litholo-

gies on Vesta can constrain different petrologic scenar-

ios, which result in varied olivine distributions and 

abundances. Here we report the possible detection of 

olivine on Vesta, based on VIR hyperspectral images. 

Scientific background: Traditional petrogenetic 

models for Vesta invoke widespread crystallization of 

olivine (magma ocean models), however the textural 

ambiguity and lack of olivine in a majority of the diog-

enites prompts a reassessment of olivine occurrence in 

these meteorite [2,3].  Nevertheless, if olivine-rich li-

thologies formed via fractionation in multiple crustal 

plutons, more heterogeneously distributed, relatively 

shallow and ferroan olivine-rich diogenites 

(harzburgites) are expected.  Although the vast majori-

ty of diogenites are dominated by orthopyroxene, a few 

unusually olivine-rich  (up to 68 vol%) diogenites and 

dunites (>90 vol%) exist [4,5,9].  The presence of  

olivine on Vesta has been postulated by several ob-

servers [6,7],  based on the HST and ground-based 

data. 

Data: VIR acquired data during Approach, Survey, 

High Altitude Mapping (HAMO)  and  Low Altitude 

Mapping (LAMO) orbits that provided  very good cov-

erage of the surface.   Additional data have been ac-

quired in HAMO-2, covering the Northern hemisphere.  

By the end of the Vesta mapping phases,  VIR acquired 

more than 20 million spectra. 

Results: To analyse  these  data, several spectral indi-

cators have been adopted or specifically developed to 

find olivine on Vesta [8].  Pure olivine has a broad, 
complex absorption centered near 1 µm that varies 
in width, position, and shape  and  lacks of the 2 µm 

band.  Using the first Dawn data, olivine detection was 

elusive, whether within the huge Rheasilvia basin or 

elsewhere on Vesta. This is attributable  to the difficul-

ty of spectrally distinguishing olivine in concentrations 

<25% in the presence of abundant orthopyroxene 

[9,10]. This is due to the lower absorption coefficient 

of olivine relative to that of pyroxene that is controlled 

by the crystal structure of the two minerals. 
 

The search for olivine evidence continued using the 

latest VIR data acquired during HAMO-2. The spatial 

resolution  of these  data was about 200 m  and cover-

age spanned from the South Pole to the Northern hemi-

sphere.  The preliminary analysis of some specific 

spectra in the Northen hemisphere is suggestive of the 

presence of olivine. These areas have been observed on 

different orbits, and the spectra always show the same 

characteristics, suggesting  properties intrinsic of the 

material and not linked with the observation condi-

tions. 

Fig. 1 reports the average  Vesta VIR  spectrum 

(purple) and one spectrum from the olivine-rich area 

(green). 

 

 

 
 

Fig.1: Purple curve: continuum-removed average  Ves-

ta VIR  spectrum; green curve:   continuum removed 

olivine-rich area spectrum. The small bands around  

1.5 micron are artifacts. No smoothing has been ap-

plied to the data. 

 

The two spectra clearly differ in overall shape. In 

particular, the spectrum of the possible olivine-rich 

area shows the 1 µm band center at slightly longer 

wavelengths with respect to  the average Vesta, while  

the band center at 2 µm is  in the same position.  The 

shape of the 1 µm band is largely asymmetric,  with a 

band area much larger with respect to the average Ves-
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ta spectrum. However, the spectrum of the “olivine rich 

areas” shows the presence of the 2 µm band, implying 

that pyroxene is also present in such areas.  

While the spectrum in Fig. 1 denotes pyroxene 

abundance, the ratio spectrum in Fig. 2 emphasizes the 

broad 1-μm olivine band compared to the laboratory 

spectra of olivine. The position and shape of the VIR 

absorption bands  correlate  with the olivine spectra., 

Thus, the ratio helps to identify that such a  spectrum 

may contain spectral signatures comparable to a mix-

ture of olivine and pyroxene at this location. This min-

eral mixture has a spectral signature which not only 

exhibits the two absorption bands at 1 μm and 2  μm  

(fig.1)  that are typical of pyroxene but also features a 

characteristic shape of the1-μm band, which is broad 

and inclined to 1.5 μm due to the presence of olivine 

(fig.2). 

 

 

 

 
 

Fig. 2: Green curve: ratio of the  olivine rich area to 

average Vesta; Blue curves: two examples of olivine 

spectra taken from sperctral library. The data have 

been offset for clarity and smoothed with a boxcar of 3. 

 

 

Conclusion:   Vesta clearly shows mineralogically 

distinct terrains and units, indicating a complex evolu-

tional history involving basaltic magmatism, akin to 

that experienced by the terrestrial planets [11]. Howev-

er, different petrological models have been developed 

based on the HED and olivine presence among these 

meterorites.   

The difficulty in detecting olivine in the globally 

averaged VIR spectrum is somewhat surprising, given 

the deep excavation caused by Rheasilvia, Veneneia, 

and other large basins, as well as the occurrence of 

olivine in some diogenites.  

The identification of  olivine-rich lithologies on 

Vesta could constrain different petrologic scenarios, 

which result in varied olivine distributions and abun-

dances.  The spectra analysed so far are promising but 

further analysis is needed to confirm olivine detection 

and to map its distribution on Vesta.  
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