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Introduction: Investigations of the martian surface 

using various remote sensing and in situ techniques 
have revealed a wide diversity of igneous minerals. Of 
these, olivine is of particular interest as it is expected 
to be the first phase to crystallize from liquids pro-
duced by partial melting of the mantle. The presence of 
olivine at the surface of Mars is thus a precious petro-
logical marker. For example, olivine may be used to 
track exposures of mantle materials, while abundant 
olivine in a basaltic rock would be an indication that 
magma reached the surface without significant frac-
tionation at depth (e.g. through crystal settling in sub-
surface magma chambers). Global mapping of olivine 
minerals based on the entire OMEGA dataset has 
shown that olivine is observed at many different loca-
tions across the Martian surface associated with vari-
ous well defined geological settings [1]. Here we pre-
sent constraints on the volcanic and internal evolution 
of Mars resulting from detailed investigations of the 
olivine-bearing contexts.  

Methods: To constrain the nature and the origin of 
olivine-bearing terrains at a planetary scale, we choose 
a systematic approach to infer global-scale trends in 
the distribution, geomorphic context and timing of the 
olivine exposures on Mars. The OMEGA imaging 
spectrometer provides a complete survey of the mar-
tian surface in the near-infrared (1.0–2.5 µm) spectral 
range, making possible an investigation of the 1µm 
olivine signature at the global scale with a km-scale 
resolution [2]. Olivine is detected thanks to spectral 
parameters developed in [3] and [2] by looking for the 
1 µm absorption band. Detailed morphologic features 
of olivine-bearing terrains, their stratigraphic relation-
ships with surrounding olivine-poor terrains, their 
physical properties and age were determined using 
other datasets: THEMIS IR, CTX, HiRISE and HRSC. 

Results:  All geological settings where olivine was 
detected are reported on Figure 1, and can be divided 
into several groups including: i) the martian mantle 
composition; ii) the composition of the Noachian crust; 
and iii) Hesperian volcanism.   

Exposures of the Martian mantle: As shown on 
Figure 1, olivine is found on terraces of the Argyre and 
Hellas basins. These detections take the form of dis-
continuous exposures located on isolated hills of early 
Noachian age. This unique spatial distribution and age 
strongly suggests that formation of these exposures is 
related to the basin forming event. Numerical simula-

tions of basin formation as large as Argyre and Hellas 
indicate that upper mantle material could be emplaced 
as discontinuous patches on the terrace zone of the 
final impact basin [4], which would favor a mantle 
origin of these olivine-bearing hills. Analyses of the 
composition of these olivine deposits thanks to spectral 
ratio and radiative transfer modeling are in favor of an 
intermediate to slightly forsteritic composition suggest-
ing a Mg-rich composition of the Martian upper man-
tle. A Mg-rich composition of the upper mantle Mg# 
84-89, [5]) is consistent with predictions of the mantle 
mineraly after the overturn of the magma ocean cumu-
lates. However, we note that a more intermediate com-
positions of mantle exposures would indicate that the 
interior of Mars was already rehomogenized to Mg# 
value near its initial bulk composition. 

Composition of the Noachian crust: Olivine is de-
tected in ejecta (yellow circles) and/or intra-crater 
dunes (blue circles) associated with large craters (> 20 
km) of the northern plains. These craters are large 
enough to have excavated the oldest Noachian crust 
buried under the northern plains demonstrating that 
this oldest Noachian crust was olivine-bearing at least 
in some locations in the northern hemisphere. Olivine 
is also found associated with Noachian buttes in the 
vicinity of the Hellas basin outside its terraces (purple 
stars). These Noachian buttes are associated with a 
geological unit “Nm” interpreted to be crustal material 
uplifted during the impact [6] and thus could suggest 
that oldest Noachian crust was also olivine-bearing in 
some locations on the southern hemisphere. On the 
contrary, we can see on Figure 1 that most younger 
noachian terrains, which formed the major part of the 
southern highlands, are olivine-poor.   

Hesperian volcanism: Figure 1 shows that olivine 
in the southern hemisphere is mainly associated with 
dozens of smooth crater floor (red circles) and smooth 
inter-crater plains (pink squares) found throughout the 
southern highlands. Study of the morphology, stratig-
raphy, physical properties and ages of these smooth 
crater floors and smooth plains indicates that they were 
formed by infilling of craters and depressions with 
olivine-bearing lavas during the early Hesperian epoch 
(Figure 2 left). Olivine was also identified in the north-
ern plains associated with material excavated by small 
craters (<20 km) (Figure 2 right) and with extended 
outcrops, suggesting that the northern plains were also 
partly filled with similar lavas, as previously proposed 
by [7]. These observations can be explained by plane-
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tary-scale olivine-rich fissural volcanism during the 
early Hesperian during when olivine-bearing magma 
reached the surface directly from the mantle through 
fractures present in the crust. 

A major question that arises from these observa-
tions is why oldest Noachian crust and Hesperian lavas 
seem olivine-bearing while Noachian terrains that 
compose the major part of the southern highlands seem 
olivine-poor? The absence of olivine signatures in 
Noachian terrains could be due to a significant altera-
tion of these terrains as proposed by [8] or could have 
an igneous origin reflecting the degree of fractional 

crystallization and/or to variations in the compositions 
of the parent magma. Variations in the composition of 
parent magma may occur if thermodynamic conditions 
of partial melting (pressure, temperature) evolve with 
time. For instance, melts formed at low pressure are 
expected to be poor in olivine which is consistent with 
shallow melting in the context of a thin lithosphere and 
high thermal heat flow during the Noachian [9]. Corre-
lations with other indicators of the conditions of partial 
melting (LCP/HCP), or degree of differentiation may 
be useful to discriminate between these alternative 
explanations. 

 
Figure1. Locations of the olivine-bearing geological settings superimposed on a combined MOLA shaded-relief map and olivine 
map. The main volcanic provinces as mapped by [10] are outlined with dashed line. 
 

       
Figure 2. (left) Olivine-bearing crater floor in the southern highlands [-71.6°E, 36°S]. (A) Olivine over THEMIS IR daytime 
mosaic; B) Mosaic of THEMIS IR daytime (left part) and THEMIS IR nighttime (right part); (C) 3-D view of the area (vertical 
exaggeration of 5). The black arrow indicates a wrinkle ridge; (D) CTX detail showing the transition between olivine-bearing 
terrain and olivine-poor one. A lobate margin is visible at the periphery of the deposit (white arrows). (right) Olivine-bearing 
ejecta of small craters (<20 kms) in Utopia Planitia, centered in  [76°E, 52.6°N] (background: THEMIS IR daytime mosaic). 
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