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Introduction: The redox state of the Mars mantle 
is an important parameter affecting the compositions of 
magmas and volatile species derived from it. Moreo-
ver, it also influences the nature of metasomatic fluids 
involved in mantle processes and the evolution of the 
atmospheric composition through time. Although the 
redox state of the martian interior may be inferred from 
some of the chemical signatures in surface materials on 
Mars observed by orbital and landed spacecraft, the 
most reliable means of determining it is through de-
tailed laboratory investigations of martian rocks that 
formed by crystallization of magmas derived from the 
martian mantle.  

The more than ~50 or so known martian meteorites 
currently represent the only magmatic rocks from Mars 
that are available for studies in Earth-based laborato-
ries. Detailed investigations of these samples can pro-
vide constraints on the formation and evolution of the 
interior and surface of Mars that are complementary to 
those provided by spacecraft data [1]. In recent years, 
several investigations of these martian meteorites have 
provided constraints on fO2 conditions prevalent dur-
ing the crystallization of their parent magmas (e.g., [2-
9]). Based on such studies, the redox state of the mar-
tian mantle from which these magmas originated may 
be estimated.  

Estimation of the redox state of the Mars man-
tle: A number of different oxybarometers, mostly 
based on ferrous-ferric mineral equilibria or multiva-
lent minor or trace elements, have been applied to var-
ious martian meteorites (but particularly to the basaltic 
shergottites) (e.g., [2-8]). These different oxybarome-
ters record the redox conditions at different stages dur-
ing the petrogenesis of a particular sample. As a case 
in point, it was demonstrated using multiple oxyba-
rometers that redox conditions during the crystalliza-
tion of the LAR 06319 olivine-phyric shergottite 
evolved from initial crystallization of the olivine meg-
acrysts at FMQ-2 to later crystallization of the 
groundmass at close to ~FMQ [8].  

As such, different oxybarometers can provide valu-
able insights into magmatic processes (such as crystal-
lization in a closed versus open system, and degassing 
of volatiles from the magma etc.) or even post-
crystallization secondary alteration (if the oxybarome-
ter is prone to resetting by such processes). However, 
to obtain the most reliable estimate of the redox state 
of the mantle source reservoir from which a magmatic 
sample was derived, it is essential to apply an oxyba-

rometer that is based on the earliest-formed phases and 
is not easily reset by post-crystallization processes. 
Furthermore, comparison of redox conditions in the 
source reservoirs of different martian meteorites 
should be based on application of the same oxybarom-
eter to these meteorites. The pyroxene Eu oxybarome-
ter meets these criteria, and has been applied to various 
martian meteorites [2,6,9] that range in age from <200 
Ma to ~4 Ga [1]. Based on the application of this ox-
ybarometer, it is inferred that the martian mantle rec-
ords significant variations in its redox state (from ~3 
log units below FMQ to close to ~FMQ). The low end 
of this scale may reflect the original redox state of the 
martian mantle following the early global differentia-
tion of Mars. The higher redox state of other martian 
silicate reservoirs (recorded in the enriched shergottites 
and the nakhlites) could be due to evolution during the 
original crystallization of a magma ocean [8], or due to 
later metasomatism by oxidizing fluids [9], or both. 

Relationship to other geochemical parameters: 
The redox conditions recorded by the basaltic sher-
gottites in particular appear to be related to the degree 
of incompatible element enrichment (e.g., chondrite-
normalized La/Yb ratios in their inferred parent melts), 
as well as other parameters such as their initial 
143Nd/144Nd and 87Sr/86Sr ratios [2-4]. These relation-
ships are best explained in terms of mixing of end-
member silicate reservoirs in the martian mantle and/or 
crust (i.e., in the case of the enriched end-member), 
although it seems more likely that both depleted and 
enriched reservoirs reside in the mantle and were es-
tablished during an early silicate differentiation event 
on Mars [10]. The redox state of martian mantle reser-
voirs and their volatile contents (particularly, water) 
may also be correlated [1,4]. However, a recent study 
indicates that the water contents of the depleted and 
enriched basaltic shergottite magmas were similar, and 
suggests that significant water could be stored in the 
martian mantle despite the prevailing low redox condi-
tion during its original differentiation [11]. 
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