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Introduction: The igneous mineral composition
of the martian crust is a function of the initial condi-
tions of planet formation and the subsequent evolu-
tion of the interior and its interaction with the crust
and surface [1].  Our knowledge of the mineral com-
position of the crust has been derived from the study
of meteorites, in situ lander observations, and re-
motely sensed data.  Visible-near infrared reflectance
data over the 0.35-5.1 µm wavelength region ob-
tained by the OMEGA instrument on the Mars Ex-
press spacecraft brings valuable new data to investi-
gate the composition of the martian crust [2, 3].
Among the rock-forming igneous minerals, this
wavelength region is most sensitive to the presence
of iron-bearing mafic minerals, principally olivine
and pyroxene.  Through the first 12 months of opera-
tions, the OMEGA experiment has covered greater
than 50% of the planet’s surface with spatial resolu-
tion ranging from 300 m/pixel to 4.8 km/pixel.  Here
we report on the global properties of these mafic
minerals.

Methodology: OMEGA measures the reflected
radiance from the surface and thus includes reflec-
tance signal the surface convolved with atmospheric
contributions from dust, water ice aerosols, CO2, and
H2O vapor. The data are corrected for all instrumen-
tal properties to obtain radiance, and then are divided
by the solar spectrum to obtain I/F. An atmospheric
correction is made by assuming that the surface and
atmospheric contributions are multiplicative, and that
the atmospheric contribution follows a power law
variation with altitude. For this first period of obser-
vations an atmospheric spectrum was derived from a
high resolution observation crossing the summit of
Olympus Mons. Assuming a constant surface contri-
bution, the ratio of a spectrum from the base of
Olympus Mons to one over the summit provides the
atmospheric spectrum at a power function of their
difference in altitude. The atmospheric contribution
to each spectrum is then removed by dividing the
observation by the derived atmospheric spectrum,
scaled by the strength of the CO2 atmospheric ab-
sorption measured in the observation.  Lastly the data
are corrected to a common viewing geometry by di-
viding by the cosine of the solar incidence angle.

Olivine and pyroxene exhibit broad absorptions in
the 0.8-2.6 µm wavelength region due to electronic

absorptions of Fe in octahedral coordination in the
crystal structure [4].  The position, shape and strength
of the absorptions are diagnostic of the minerals and
their chemistry [4, 5, 6].  A variety of approaches
were used to identify regions in the OMEGA data set
dominated by mafic minerals.  These included appli-
cation of a simplified version of the Modified Gaus-
sian Model (MGM; [7]) to identify pyroxene-
dominated regions [8] and spectral parameters de-
signed to measure the strength of absorptions associ-
ated with pyroxenes and olivine. Areas with high
apparent concentrations of these minerals are then
investigated in detail.

Results:  Representative spectra from surfaces
dominated by olivine, low-Ca pyroxene (LCP), and
high-Ca pyroxene (HCP) are shown in Figure 1 along
with laboratory spectra of pure minerals and spectral
ratios.  The spectral ratios are created by dividing the
OMEGA spectrum of a candidate region by a nearby
region dominated by the spectral properties of aver-
age dust.  We assume that the dust spectral properties
are neutral though they likely exhibit at weak ab-
sorption centered shortward of 1 µm due to ferric
oxide crystal field absorptions [9].

Olivine-rich surfaces are recognized by the broad
complex of overlapping absorptions between 0.9 and
1.5 µm. High concentrations of olivine are observed
in crater floor deposits as well as in crater rims and
massifs distributed throughout the ancient cratered
terrain.  The surface morphology of occurrences in
these regions indicates that the crustal rocks have
been exposed by erosion or other geological proc-
esses. Typically these deposits exhibit discrete
boundaries. Olivine-rich volcanics are observed near
the center of Syrtis Major [10]. The most common
olivine occurrences are in regions richer in basalts
(i.e. Syrtis Major, Western Valles Marineris, Terra
Cimmeria) while the largest exposure identified with
OMEGA is in Nili Fossae where Hoefen et al [11]
reported olivine detected with thermal infrared data.
Several isolated olivine deposits have been observed
in small, low-albedo crater floors in the Northern
Hemisphere between 50-65N [12].

Areas dominated by LCP are recognized by the
presence of two broad absorptions centered near 0.9
and 1.9 µm (Figure 1). These areas of apparent high
concentrations of LCP typically correspond to out-
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crops located in Noachian-aged cratered terrain,
commonly located in crater rims, central peaks and
isolated outcrops in the cratered terrain.  Outcrops are
also observed in the walls and along the floor of
Valles Marineris. Though the spatial extent of many
of these outcrops rarely exceeds a few km2, high con-
centrations covering large regions are observed in
Noachian cratered terrain north and east of Syrtis
Major, and associated with Noachian Dissected
Cratered Terrain in Terra Meridiani [13].  Thus the
common geologic occurrence of these LCP-
dominated regions is in Noachian-aged cratered ter-
rain.
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Figure 1.  OMEGA (bottom), laboratory (middle) and
ratio (top) spectra of terrains representing the diver-
sity of crustal compositional recognized with
OMEGA vis-near infrared spectroscopy.  Ratio spec-
tra were created by dividing the observed OMEGA
data by a region of neutral spectral properties domi-
nated by the average global dust of Mars.

Areas dominated by high-Ca pyroxene are rec-
ognized by the presence of two broad absorptions
centered near 1.05 and 2.3 µm (Figure 1). In contrast
to olivine and LCP-rich region, HCP-rich regions
often extend over several 100 km2, in the southern
highlands with the notable concentration in the Hes-
perian-aged Syrtis Major volcanic shield [14].  The
spectral properties here are best modeled as a mixture
of two pyroxenes with HCP dominant, consistent
with previous vis-IR investigations and implying a
composition similar to the SNC basaltic meteorites.

This basaltic composition is also consistent with
thermal emission analyses [15, 16]. Many areas en-
riched in HCP are associated with wind streaks, sug-
gesting the surface material is or was mobile such as
sand dunes or dark dust. Over sand dunes, a system-
atic enrichment in HCP relatively to the surrounding
areas is observed. Layers enriched in HCP are ob-
served in some Valles Marineris canyons, notably the
south-western wall of Juventae Chasma, and in the
wall of Coprates Chasma.

Conclusions: The enrichment of HCP over broad
areas exhibiting a volcanic morphology is consistent
with a basalt composition.  LCP is required to model
these spectra, resulting in a 2-pyroxene composition
analogous to the basaltic SNC meteorite petrology.
High concentrations of LCP are found consistently in
Noachian cratered terrains. High concentrations of
olivine are found in the Noachian cratered terrains, in
isolated deposits on crater floors, and in basalts asso-
ciated with the caldera in Syrtis Major. These olivine
and LCP outcrops in the ancient cratered terrains are
likely remnants of the early crustal formation repre-
senting cumulates created in large magma chambers
or the result of melts extracted from a depleted mar-
tian mantle.  Low albedo regions in the northern
lowlands have been interpreted on the basis of ther-
mal IR data to be andesitic or altered basalt.
OMEGA spectra of these regions show no mafic
mineral bands, nor evidence for hydration consistent
with the presence of altered mineral phases.
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