
Fig. 1. Octahedra of maghemite ad-
hered to the wall of the silica glass 
tube by Na-K-Fe chlorides (dark crys-
tals in a. and b.) 
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Introduction:  Magmatism built the primary crust 

on Mars and has been important throughout its history, 
with evidence for both large explosive eruptions and 
shield-building volcanism. Magmatic gas produced in 
these events likely contributed to martian fines by di-
rectly precipitating micron to submicron-sized mineral 
condensates, producing new minerals by reaction of 
condensates with the magmatic gas or the atmosphere, 
and forming new minerals by reaction of magmatic gas 
with volcanic ash or pre-existing dust grains. 

A variety of field, experimental, and computational 
studies have focused on investigating the nature of the 
products of these gas condensation and gas-mineral 
reaction processes on Earth (e.g., [1]). Each approach 
has encountered limitations, including challenges in 
sampling high temperature gases that are strong con-
tributors of condensates, poor constraints on bulk gas 
compositions for modeling, and experimental difficul-
ties in creating a realistic multi-component magmatic 
gas because they are highly reactive and toxic. These 
problems are enhanced when considering martian 
magmatic gases because the higher Cl/(OH) (e.g., [2]) 
and S/(OH) (e.g., [3]) of martian magmas should lead 
to a higher amount of the less-volatile (condensable) 
solutes (e.g., NaCl(g)) and lower abundance of the 
volatile (non-condensable) species (e.g., H2O, H2) [4].  

We have developed and implemented an experi-
mental approach that allows a martian igneous compo-
sition (specifically, Irvine composition magma [7] at 
NNO) to exsolve a multi-component gas which sepa-
rates at 1200 C and 1 bar and is maintained in a strong 
thermal gradient in a nominally closed system. This 
gas condenses minerals [5] and, when a mineral target 
is held in the gas stream, new minerals are produced 
by gas-mineral surface reactions [6]. These investiga-
tions have indicated that primary high temperature 
vapor-deposited phases from Cl- and S-rich, OH-poor 
gas are halite (NaCl), sylvite (KCl), molysite (FeCl3), 
magnetite (Fe3O4), pyrrhotite (Fe1-xS), pyrite (FeS2) 
and native S. Using a similar gas/melt ratio as for our 
experiments, that is, assuming concentration of gas in 
the upper reaches of the magma plumbing systems [8-
10], we (Nekvasil et al. in revision) estimate that Ama-
zonian magmas from Arsia Mons [11], Central Elysi-
um Planitia [12], and Olympus Mons [13] could have 
blanketed the martian surface with these vapor-
deposited phases to a depth of 17 cm.  

Notably, Ca- and Mg-bearing phases were not pre-
cipitated by vapor condensation in our experiments, 
suggesting that these cations did not partition strongly 
into the gas phase. Furthermore, sulfates did not form 
in the vapor-deposited material, and likely need a 
higher oxygen fugacity [14]. Ca-, Mg- (and Fe-) sul-
fates were produced, however, when a mineral was 
placed in the gas stream. This is an expected result of 
SO2-mineral surface interaction, likely though migra-
tion of cations to the mineral surface e.g., [15].  

In order to identify the footprint of magmatic gas-
driven processes in martian fines we need to consider 
the changes that could occur to the primary conden-
sates through continued interaction with the cooling 
magmatic gas and/or the atmosphere.  

Modification of primary vapor-deposited phas-
es: The experimental setup described in [5] (in which 
the gas source is placed at 1200 °C in the 28 cm long 
evacuated silica glass tube and the tube extends to 
~100 °C), allows for the formation of primary vapor-
deposited phases in a region of Soret diffusion which 
maintains a compositional gradient in the gas. This 
simulates the thermal gradient above a hot lava flow. 
However, this thermal gradient will decay rapidly as 
the surface cools and the high temperature region con-
tracts towards the surface. This contraction allows the 
cooling gas to react in the lower temperature regime 
with previously precipitated high temperature miner-
als. By removing the tube from the furnace we induced 
this contraction and could investi-
gate the mineralogic changes that 
took place though lower tempera-
ture reactions.  

Results. The plentiful octahe-
dra of the metastable phase ma-
ghemite (Fe2O3) observed after 
cooling (Fig. 1) suggests conver-
sion of magnetite to maghemite as 
a consequence of the formation of 
more oxidized gaseous species 
with dropping temperature. Since 
the magnetic properties of mar-
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Fig. 2. SEM image of coating 
on interior of silica glass tube 
after degassing and cooling, 
and EDS spectrum suggesting 
FeOCl. 

tian dust and soil are presumed to be dictated by mag-
netite and maghemite [16-19], the production of mag-
netite by vapor deposition and partial conversion to 
maghemite during cooling provides an important alter-
native production mechanism to the thermal conver-
sion of lepidocrocite via meteoritic impact [16, 20] or 
its formation as a transient phase in the transformation 
of ferrihydrite to hematite in the presence of phosphate 
or other ligands capable of ligand exchange with Fe-
OH surface groups [21- 23]. 

Perhaps one of the most important low-temperature 
reactions among the vapor-deposited minerals is  
FeCl3 (molysite) + Fe2O3 (hematite or maghemite) → 
3FeOCl,  
which takes place at ~350 oC at 1 atm [24, 25] and 
may represent one of the main phases in what appears 
to be secondary coatings on primary vapor-deposited 
minerals (Fig. 2). According to [25] iron oxychloride 
is a Fenton-like catalyst, which exhibits supreme effi-
ciency for yielding OH radical by H2O2 decomposition 
and exceptional performance in the degradation of 
persistent organic compounds (e.g., from carbonaceous 
chondrite impactors or other organic sources). This has 
important implications 
for Mars in that it sug-
gests if iron oxychlo-
ride produced in the 
cooling gas column 
above martian lava 
flows couples with an-
other oxidant such as 
H2O2 [26]) it would 
contribute to destruc-
tion of organics on the 
martian surface.  

There are various 
routes to destruction of 
FeOCl that could inhibit 
its identification in mar-
tian fines. Iron oxychlo-
ride readily picks up 
atmospheric moisture and can produce akaganéite 
(FeO(OH,Cl) [27] a phase seen for example, in Gale 
crater, e.g., [28], or Fe(OH)2Cl, even at temperatures 
below 100°C. Upon heating, Fe(OH)2Cl can lose some 
HCl and revert to (FeO(OH,Cl), or, if all HCl is lost, 
form β-FeOOH [29]. 

Conclusions. The amount of condensable solute in 
martian magmatic gases suggests a strong likelihood 
that magmatic vapor-deposited material made a major 
global contribution of sulfides, halides and oxides to 
martian dust. These phases probably saw continued 
reaction upon cooling to yield secondary phases that 
affected the organic signature and mineralogic makeup 

of the fines of the martian surface. Work is ongoing to 
further define the nature of secondary reaction prod-
ucts produced by interaction of the primary vapor-
deposited material with cooling magmatic gas as well 
as the martian atmosphere.  
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