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Introduction: Salts have been identified widely on 

Mars, demonstrating that brine activity was once rela-
tively pervasive; brines may also be transiently form-
ing on the surface of Mars today [1-3]. Here we per-
form evaporation experiments at Mars condition to 
examine the evaporation pathways of Mars-relevant 
multicomponent brines. We examine the relationship 
between martian brine chemistry, precipitating salt 
assemblages and their detection. We characterize pre-
cipitates via Visible to Near Infrared (VNIR) spectros-
copy and Raman spectroscopy, which are relevant to 
MRO CRISM data and Mars2020 rover instrumenta-
tion. 

Brine Development and Creation:  Brine recipes 
were derived from literature describing potential com-
positions of modern and ancient martian brines. All 
recipes included mixed anion and cation compositions; 
described here are two SO4/Cl mixed brine recipes. 
Each composition was modeled to higher concentra-
tions using the low-temperature evaporation modeling 
program FREZCHEM9.2 [4]. This model also provid-
ed a prediction of expected precipitates. 

Recipes with unbalanced ionic compositions were 
balanced, and brines were made by dissolving soluble 
salts in 200 mL solutions to achieve the desired recipe 
molalities. Once fully dissolved, brines were separated 
into two beakers containing 100 mL of solution each, 
one of which was placed in a laboratory hood under 
ambient terrestrial conditions, and the other was placed 
in a Martian Analogue Chamber (MAC). 

Evaporation Experiment: The MAC is designed 
to mimic modern martian surface conditions in the 
equatorial regions during the martian summer. The 
chamber was kept near 0ºC throughout the experiment 
with a CO2 atmosphere of 6 millibar. Upon reaching 
complete evaporation, the samples were analyzed us-
ing VNIR spectroscopy, Raman spectroscopy and in 
the case of terrestrially evaporated brines, X-Ray Dif-
fraction (XRD). The instruments used were a ASD 
FieldSpecPro, a Bruker Bravo Raman Spectrometer, 
and a Philips Diffractometer coupled with an Enraf-
Nonius X-ray Generator, respectively. Precipitates 
formed under martian conditions were analyzed in a 
glove box under ultra-dry N2 to prevent atmospherical-
ly induced spectral absorptions or alteration to the 
salts. 

Results:  We observe differences between the 
model-predicted salt assemblages and the physical 
assemblages, as well as differences in salts identified 

across methods. Here we discuss results from two 
brines. 

 
Figure 1. VNIR spectra of CV2a and CV2b; bischofite 
is present in both samples. 
 

Clark and Van Hart [5] Brine 2: CV2a (evaporated 
under terrestrial conditions) was modeled to form ap-
prox. 43 wt.% carnallite (KMgCl3•6H2O), 24 wt.% 
hexahydrite (MgSO4•6H2O), 22 wt.% bischofite 
(MgCl2•6H2O), and 11 wt.% halite (NaCl); CV2b 
(evaporated under martian conditions) was modeled to 
precipitate 37 wt.% epsomite (MgSO4•7H2O), 27 wt.% 
bischofite, 17 wt.% carnallite, 14 wt.% halite and 5 
wt.% sylvite (KCl). Differences in predicted assem-
blage are due to the stability of various salts under 
colder temperatures (e.g., hexahydrite is more stable 
under higher temperatures than epsomite). Carnallite 
dominated the predicted assemblage but was not posi-
tively identified via any method for either sample. In 
VNIR analysis, only bischofite, predicted to make up 
less than a quarter mass of the salt assemblage for both 
brines, was confirmed for both samples (fig. 1). Raman 
spectra confirmed the presence of only epsomite for 
each sample, with all other modeled salts unidentifia-
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ble (fig. 3). In XRD analysis, only halite was identifia-
ble.  

Marion and Kargel [4] Brine: MKCa (evaporated 
under terrestrial conditions) was modeled to precipitate 
55 wt.% halite, 31 wt.% blödite (Na2Mg(SO4)2•4H2O), 
7 wt.% schönite (K2Mg(SO4)2•6H2O), 4 wt.% aphthita-
lite (Na2SO4•3K2SO4), and 2 wt.% arcanite (K2SO4). 
MKCb (evaporated under martian conditions) was 
modeled to precipitate 45 wt.% halite, 26 wt.% mira-
bilite (NaSO4•10H2O), 16 wt.% schönite, and 12 wt.% 
epsomite. Differences in modeled assemblages are due 
primarily to the modeled stability of blödite under 
Earth conditions, and its instability under martian con-
ditions, where Mg, SO4, and Na ions would be parti-
tioned into mirabilite and epsomite rather than blödite. 
In VNIR analysis, schönite and epsomite were likely 
identified for MKCa and schönite, blödite and epso-
mite were likely identified for MKCb (fig. 2). In Ra-
man data, schönite was confirmed and epsomite was 
probably confirmed for MKCa, and schönite and ep-
somite were both probably confirmed for MKCb (fig. 
3). Only halite was confirmed via XRD analysis. 
 

 
Figure 2. VNIR spectra of MKCa and MKCb; schönite 
and epsomite are probably present in both samples, 
and blödite is also probably present in MKCb. 

 

 
Figure 3. Raman spectra for MKC and CV2. 
 

Discussion: The FREZCHEM model, based on 
Pitzer thermodynamic equation parameters, predicts 
that salts with higher hydration states should be more 
stable under colder conditions, and that mixed cation 
salts are generally stable under warmer earth condi-
tions but unstable under colder martian conditions. Our 
experiments indicate that salts formed under Earth 
conditions are similar to those formed under martian 
conditions, suggesting that in multicomponent brines, 
the precipitation pathways do not necessarily follow 
thermodynamic predictions. It is unclear whether this 
is due to presence of additional cations, the speed of 
evaporation or another environmental variable.  

Identification method plays a pivotal role in identi-
fiable salt for multicomponent brines. For MKC and 
CV2, no two methods of identification shared precisely 
the same IDs. Halite goes unidentified via spectral 
observation (due to its lack of absorptions in the VNIR 
and Raman spectral ranges), but other salts are not 
identifiable via XRD analysis. 

Implications for Mars: Based on our experimental 
work, multicomponent brines evaporating under mar-
tian conditions may be more likely to adhere to the 
modeled predictions than terrestrially evaporated 
brines. However, utilizing multiple identification 
methods is key to identifying the full range of poten-
tially present minerals. It is possible significant 
amounts of halides are present on Mars but go spectral-
ly identifiable when intimately or spectrally mixed 
with salts with higher hydration states. 
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