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Introduction: Mars is often described as a volatile-

rich planet [1-2], and these enrichments are often ex-
tended to the magmatic volatiles [3-4]. On Earth, 
magmatic volatiles (i.e., H2O, F, Cl, C-species, and S-
species) play an important role in the physicochemical 
processes that control thermal stabilities of minerals 
and melts, magma eruptive processes, and transporta-
tion of economically important metals. However, the 
abundances and roles of magmatic volatile elements 
may differ between Earth and Mars. In the present 
study we aim to review the volatile-bearing mineralogy 
of the martian meteorites, as well as what has been 
gleaned from experimental studies of volatile-bearing 
martian magmatic systems. We use this information to 
speculate as to some potential volatile-bering minerals 
in the lower martian crust and martian mantle.  

Volatile-bearing phases in martian meteorites: 
Volatile-bearing mineral phases do not make up the 
dominant mineralogy of any martian meteorite discov-
ered to date. In fact, the shergottites only seem to have 
the volatile-bearing mineral apatite [5; Figure 1, 6-7], 
with some reports of amphibole in mineral-hosted melt 
inclusions [8-9], but these have not been identified and 
analyzed with modern techniques. The nakhlites and 
chassignites have a a more diverse array of volatile-
bearing mineral phases than the shergottites that 

 
Figure 1. Ternary plots of X-site occupancy (mol%) of volatile-
bearing mineral phases from chassignites, nakhlites, and basaltic 
shergottites. For the apatites, OH was calculated assuming 1 – F – Cl 
= OH. EPMA data yielding (F + Cl) > 1 atom are plotted along the 
OH- free join assuming 1 - Cl = F. For the amphiboles that do not 
commonly have oxy-components in the O(3) site (Nakhlites), OH 
was not directly measured, so we assumed that 2 – F – Cl = OH, 
whereas Chassigny kaersutite and Ti-biotite were only plotted if OH 
was measured directly because of the likelihood of O2- substitution in 
the monovalent anion site. In order to plot amphibole within the F-
Cl-OH ternary, we normalized the molar sums of F, Cl, and OH from 
the SIMS analyses to one. Data from [5, 9-14] and unpublished data 
by McCubbin. 

includes kaersutite, Ti-biotite, apatite, chlorian  
ferrohornblende, and potassic chlorohastingsite [9-10, 
12-16]. However, it should also be noted that the vola-
tile-bearing silicates have only been identified in min-
eral-hosted melt inclusions that remained sealed 
throughout crystallization and cooling [12-14]. A ter-
nary plot of F-Cl-OH components for all of the vola-
tile-bearing minerals analyzed to date in martian rocks 
is presented in Figure 1. 

Volatile-bearing phases in petrologic experi-
ments: The phase relations of a number of martian 
compositions have been conducted with the addition of 
magmatic volatile components [3, 17-23]. Of these 
experiments, only three studies have investigated the 
liquid-line-of-descent to the point of volatile-bearing 
mineral saturation [18, 20, 23]. Similar to what has 
been observed in the martian meteorites, amphibole 
and apatite are the primary volatile-bearing phases that 
formed. The modal abundance of amphibole in the 
experiments was typically much higher than observed 
in any of the martian rocks, indicating that martian 
magmas either had a smaller volatile load than the ex-
periments or martian magmas underwent substantial 
degassing on the way to the surface. Biotite has not yet 
been experimentally produced directly from a martian 
composition. Apatite compositions become increasing-
ly Cl-rich with increasing pressure, but at the pressures 
of the crust mantle boundary on Mars, apatite highly 
prefers F over Cl and OH- [23]. 

Discussion: Based on estimates of mantle volatile 
abundances and mineral stability, apatite and perhaps 
amphibole could be stable in the lower crust and man-
tle of Mars. Graphite has also been proposed to reside 
in the martian mantle [24], and this is consistent with 
recent reports of macromolecular carbon in mineral-
hosted inclusions in the shergottites [25]. More work is 
needed to place any real constraints on this topic. 
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