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Introduction: The global distribution and com-

position of olivine is an important clue in under-

standing the internal and external evolution of Mars.  

Olivine exhibits a range of Mg:Fe in the solid solu-

tion from forsterite to fayalite; these compositional 

changes lead to distinguishable spectral variations in 

laboratory data [1, 2, 3].  Olivine is a significant 

component of several Martian meteorites and has 

been identified on the surface of Mars using thermal 

infrared (TIR) remote sensing techniques [4].  Previ-

ous remote sensing studies in TIR data have been 

limited to a particular geographic region [5, 6] or 

have not included a wide range of olivine composi-

tions [7, 8]. 

Approach:  We acquired emission spectra [9] of 

granular samples of olivine with compositions Fo68, 

Fo60, Fo53, Fo39, Fo35, Fo29, Fo18, and Fo10 [10].  The 

TES spectral library [11] contains spectra of Fo91 and 

Fo1, and together these data provide a broad range of 

olivine chemistries.  These spectra were convolved to 

the spectral resolution of the MGS Thermal Emission 

Spectrometer (TES) to compare with the Martian 

global dataset.  We used two complimentary tech-

niques, spectral indices and deconvolution, to map 

the occurrence and abundance of olivine on Mars 

from these data.  Spectral index results are presented 

here; global deconvolutions are in progress.  TES 

spectra are collected from ~1650 to 200 cm
-1

 (~6 – 50 

m) at 10 cm
-1

 sampling and have spatial footprints 

of 3  ~6 km on the surface of Mars [12].  We ana-

lyzed data meeting specific quality constraints, e.g.  

temperature > 250 K, albedo < 0.2, low risk of phase 

inversions, etc. 

Spectral Indices:  Spectral indices are simple 

mathematical tools that calculate the strength of a 

specific spectral feature associated with a particular 

phase.  They are computationally fast and can utilize 

a portion of the spectrum relatively unaffected by 

microphonic noise present in TES data collected dur-

ing later orbits [7, 8].  They can, therefore, be run 

over the entire TES dataset (~9 million spectra).  We 

created spectral indices to identify TES spectra that 

contain a strong emission minimum from 20 – 40 m 

characteristic of olivine.  In olivines, spectral features 

in the TIR shift to longer wavelengths as Mg:Fe de-

creases [1, 3], and we created an index for each oli-

vine composition(s) distinguishable by this feature.  

The general form of the band indices is: 

I fo# = 1 + 3( ) /2 2
 

where each  is either a single emissivity value, or the 

average of adjacent emissivity values, on the spec-

trum. In our indices, 2 is at the feature minimum and 

1 and 3 are values on the feature’s flanks; index 

values greater than 1.0 indicate the presence of an 

emission minimum.  Index values for each olivine 

composition or range were calculated for the TES 

spectral library to identify any ambiguous detections 

from alternate minerals; however, high index values 

for this particular spectral feature were only received 

for a few carbonates, phases not observed in the dark 

regions of Mars [13].  Unfortunately, the Martian 

hematite spectrum derived from target transformation 

[14] is slightly shifted compared to the TES library 

spectrum, and its minima overlie the index bands for 

Fo1-10 obscuring index mapping of fayalite. 

 

 
Figure 1. Long-wavelength portion of the olivine 

spectra used for spectral index mapping.  Grey bars 

show band positions used for each index. 

 

Results:  Olivine index results for the TES 

dataset were used to create global maps of the distri-

bution of each composition.  All previously identified 

regions of putative olivine were found in our index 

maps including areal concentrations in Nili Fossae, 

Terra Meridiani, Argyre and southern Acidalia Plani-
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tiae, Syrtis Major, east of the Valles Marineris, 

southwestern Terra Tyrrhena, the rims of Isidis, Hel-

las, and Argyre Basins, craters in Aurorae Planum, 

and in Ganges and Eos Chasmata. New regions of 

areal concentrations identified include Chryse Plani-

tia, Kasei Valles, craters in Terra Sirenum and Noa-

chis Terra, and the highland regions of Xanthe Terra.  

All index-based detections described here were con-

firmed through analysis of the full TES spectrum 

and/or comparison to THEMIS decorrelation 

stretches. 

Mg-rich olivine (Fo91) appears almost exclusively 

in the oldest Noachian terrains of Mars with the high-

est spatial concentrations on the rims of the Argyre, 

Hellas, and Isidis basins.  Where Fo91 is found in 

Hesperian terrains, it is associated with hilly areas 

and old rims of craters filled in by younger-looking 

lavas and/or sediments.  Fo91 is also identified in a 

few pixels in Chryse Planitia and the Valles Marin-

eris.  Fo60-68 is found in craters throughout the Noa-

chian highlands of Noachis Terra and Terra Tyr-

rhena, however, its main occurrence is in Hesperian-

aged geologic units:  the Valles Marineris floor mate-

rials, channels, and extended deposits of the nearby 

outflow systems.  Spatially coherent detections of 

Fo53 are found in craters of Terra Tyrrhena, the 

Valles Marineris, and Syrtis Major.  All three compo-

sitions are found in proximity in the area surrounding 

the Nili Fossae and within two craters in Aurorae 

Planum.  No confident identifications of olivine with 

compositions more iron-rich than Fo53 were identified 

at the TES spatial scale. 

We compared the index values calculated for the 

TES spectra to those calculated for laboratory spectra 

to estimate that the minimum amount of olivine re-

ported in our olivine index maps is ~8%. We then 

deconvolved TES spectra with high index values 

using an end-member set containing igneous and 

weathering phases likely to be associated with oli-

vine.  Spectra that exhibit high Fo91 index values and 

small RMS values (<0.008) using this end-member 

set show a mean of 8 ± 4% olivine abundance with a 

maximum reported abundance of ~20%.  Spectra that 

exhibit high Fo60-68 index values show a higher val-

ues, however, spectra with high Fo53 index values 

have a lower mean olivine abundance of ~4%. 

Discussion:  Multiple olivine compositions repre-

senting a range of Mg:Fe ratios were identified on the 

surface of Mars.  Fo91 is the least ambiguous spectral 

index and appears to only be present in the most an-

cient Noachian terrains of Mars.  Outside of these 

terrains, Fo91 is found in areas of major sediment 

transport from the ancient highlands.  The Fo60-68 

composition is closest to that of the Martian meteor-

ites and is present in both Noachian and Hesperian 

regions.  It is especially prominent in the mid-

latitudes in areas near the largest volcanoes a pro-

posed source region for many Martian shergottites [4 

and references therein].  Fo53 identifications are the 

most common but are not all spatially coherent and 

may be affected by noise due to having a single band 

in the minimum and one on flank of the index.  The 

Fo53 and Fo25-39 index values also are not expected to 

be as strong because of decreasing spectral contrast 

in the emission minimum with increasing iron con-

tent.  This explains the lower mean abundance of Fo53 

in deconvolutions as many of the TES spectra may 

have spuriously high index values.  As expected, 

Fo1-10 maps correspond directly to locations observed 

to be hematite-rich by TES. 

Conclusions:  The composition of olivine on the 

Martian surface appears to evolve on a global scale 

through time. This evolution is observable in areas 

that show multiple compositions, i.e. younger oli-

vine-bearing materials appearing more iron-rich 

(lower Fo#).  Multiple compositions are intermingled 

on regional scales (e.g. Nili Fossae) and could indi-

cate continued olivine-rich volcanism through time, 

exposure of layered mafic deposits, or variations in 

the composition and extent of zoning. Most olivine 

appears localized to three types of morphologies:  a) 

within crater floors, b) within channel floors, and c) 

the Nili Fossae region – a large-scale, exposed re-

gional outcrop [7]. 

Ongoing work:  Linear deconvolutions of the 

TES dataset will augment the global distribution 

maps generated from index mapping.  Deconvolution 

utilizes the full spectral range of the TES dataset and 

provides quantitative abundance information.  De-

convolution also avoids a potential pitfall of index 

mapping, which is that minerals may linearly com-

bine to mask (or create) a feature in the region of the 

spectral index. 
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