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Introduction:  In cold and dry climates, like 

Antarctica or Mars, both the mobile moisture budget 

and the aqueous geochemistry are likely restricted to the 

surface hydration layer of individual mineral grains [1], 

although larger aqueous deposits may accumulate when 

locally buffered relative humidity [2,3] and/or fluid 

chemistry form or consolidate a concentrated brine [4]. 

In arid environments, salt migration, separation, and 

accumulation are thought to be primarily liquid film 

transport processes, which are highly dependent upon 

the solubility and deliquescent properties of the salt. The 

salt distribution, in turn, is the driving force behind 

weathering [5]. The brine evolution and regolith 

alteration that occurs along the path of salt migration 

will proceed based on the local relative humidity and the 

individual and solution dependent solubility of ionic 

phases [1,5]. Thus, the weathering of dry Antarctic, and 

presumably Martian soils, will depend on the short- and 

long-term stability and reactivity of saturated brines and 

common regolith materials at temperatures and 

pressures relevant to the system in question.  

 A fundamental understanding of static interactions 

and stabilities is required before more complicated 

migration and alteration experiments can be undertaken. 

For many phases, like the magnesium and sodium 

sulfates, sodium chloride, sodium nitrate, and other 

phases common to arid Earth environments, these data 

are available [1,5], but for compositions not common to 

Earth (but possible on other planets), this fundamental 

information is lacking. One such class of brines is those 

comprised of or containing concentrated ferric sulfate. 

These brines could remain liquid across much of the 

Martian surface and subsurface [6]. Furthermore, when 

dehydrated rapidly at low relative humidities or low 

pressures, they form amorphous phases [7], and thus are 

possible candidates for the amorphous regolith 

components prevalent on Mars. As such, these brines 

may play an important role in the hydration budget and 

surface geochemistry of The Red Planet.  

The reactivity of the brine and the long-term 

stability of its precipitation products naturally depends 

on brine composition as well as the mineralogy of the 

regolith. Here we investigate the short- and long-term 

evolution of the precipitation products of five regolith 

analogues: basaltic glass, nontronite, hematite, gypsum, 

and magnesite, mixed with ferric sulfate (+/- NaCl) that 

are hydrated to ferric sulfate deliquescence at high 

relative humidity and then dehydrated and stored and 

low and moderate relative humidities. This simulates 

the relative humidity (RH) induced formation of a ferric 

sulfate brine in the presence of common regoliths, the 

dehydration of that brine and salts in the low RH of the 

Martian atmosphere, and then the stable storage of those 

phases in locally buffered soil environments. 

Methods:  Mixtures of 0.250 g of each regolith 

analogue was mixed with 0.250 g of mikasaite alone or 

in addition to 0.250 g of NaCl. Each mixture was placed 

in an individual air tight container buffered to 92% RH 

with DDI water. After the mixture deliquesced (7-10 

days for samples ≥ 4°C, each mixture was transferred to 

an individual air tight container buffered either to 11% 

RH with LiCl or 33% RH with MgCl2. Multiple samples 

were made for each experimental condition and sample 

evolution was monitored by optical photograph, x-ray 

diffraction (XRD; Rigaku Smartlab II, Bragg-Brentano 

geometry, 0.02° step size, 0.3°/min, 10-80 2), Fourier 

transform infrared attenuated total reflectance 

spectroscopy (FTIR ATR; Bruker Alpha, 4 cm-1 

resolution, 128 scans), Raman spectroscopy (Bruker 

Bravo, (785/852.3 nm laser; 30 1000s integrations), and 

visible near infrared spectroscopy (VNIR; ASD 

Fieldspec 4 Max; Ocean Optics HL-2000-HP light 

source; 30° input 0° emission; Spectralon reference, 300 

1s integrations).  Not all solutions dehydrate at the same 

rate. Repeat experiments have shown that the majority 

of the changes occur during or close to the time of 

dehydration. Analyses for individual compositions 

occur at different time points along the early stages of 

the experiment to accommodate different dehydration 

and transformation rates. Long term (~640 day) time 

points are analyzed for comparison. Sample are 

currently aging to intermediate time points.        

Results: Differences in stability against both 

rehydration and mechanical manipulation change by 

regolith analogue and brine composition. Samples 

composed of nontronite and ferric sulfate without NaCl 

are the most difficult to break down into powders. The 

addition of NaCl almost always increases resistance to 

rehydration and makes the sample easier to physically 

manipulate (Fig 1). It appears that the ferric sulfate can 

form a continuous glassy solid that, when still slightly 

6039.pdfBAS: Modern Brines 2021 (LPI Contrib. No. 2614)



hydrated, ‘glues’ the regolith together. Only under the 

driest of conditions, does this material become brittle.  

Samples dehydrate at different rates depending upon 

their composition. All samples containing NaCl 

dehydrate faster than those without NaCl. In almost all 

cases, the sample appears completely different in 

texture and color than samples without NaCl (Fig 1). 

 

Fig 1. Magnesite 

and ferric sulfate (a) 

with NaCl (b) 

gypsum and ferric 

sulfate (c) with NaCl 

(d). Samples imaged 

after dehydration at 

11% RH and RT for 

31 days. 

 

Samples stored at low temperatures have very 

different physical properties, even though their spectral 

properties are in many cases similar. For instance, 

magnesite stored at 11% or 33% RH at room 

temperature or 11% at -20 °C are some of the fastest 

dehydrating samples and those that are most resistant to 

rehydration. Magnesite stored at 33% RH and -20 °C, 

however, is still pliable and damp after 650 days, 

although a phase has precipitated out of the brine.    

VNIR and MIR data for gypsum mixtures with ferric 

sulfate, with and without NaCl, are shown in Fig 2-3. 

The XRD data for gypsum containing samples have 

peaks that correspond to NaCl and hexahydrite. There is 

no appreciable XRD signature for phases containing 

iron or iron sulfates in the mixtures, indicating that these 

phases remain amorphous at the resolution of XRD 

throughout the course of the experiment. This scenario 

is common to most of the mixtures investigated, and is 

particularly prominent for samples where the regolith is 

poorly crystalline (basalt and nontronite). 

Conclusions: The low relative humidity samples are 

remarkably stable, even at room temperature. Most 

samples maintain some or all of their amorphous 

character for the entire (>641) day experiment. Rapid 

changes do occur as the samples are dehydrating. 

Certain mixtures stored at moderate relative humidities 

do change with time. 
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Fig 2. VNIR spectra of gypsum - ferric sulfate - (+NaCl) 

mixtures aged at room temperature in either 11% or 

33% RH. Number of days (d) aged and offset applied to 

data are indicated in the legend.  

 
Fig 3. MIR ATR spectra of gypsum - ferric sulfate - 

(+NaCl) mixtures aged at room temperature in either 

11% or 33% RH. Number of days (d) aged indicated in 

the legend.  
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