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Introduction:  Despite the presence of both salts 

and clays on Mars, the effects of near-saturated brines 

on clay diagenesis and weathering remain poorly 

understood. Indeed, deposits with alternating clay- and 

sulfate-rich layers suggest briny solutions [1] have 

interacted with clay-rich layers in the past [2, 3]. In 

addition, if modern brines are active in the subsurface 

[4] or at the surface in areas with seasonal melting or 

deliquescence [5], they may continue to alter clay 

chemistry and mineralogy.  

Here we report a series of short-term experiments 

mixing montmorillonite or kaolinite with near-

saturated Mars analog brines and analyzing the 

reaction products with Raman spectroscopy and 

powder XRD to study the effects of brines on clay 

minerals. Two sets of experiments were conducted, the 

first were observations of immediate reactions between 

brines and clays at 295 K. The second set of 

experiments focused on simulating hydrothermal clay-

brine reactions.   

Methods:   We mixed Clay Mineral Society 

Source clay standards, either SAz-1 montmorillonite, 

STx-1 montmorillonite, or KGa-1 kaolinite with near-

saturated and serially diluted brines at 295K, then 

immediately analyzed the reaction products with 

Raman spectroscopy or XRD.  Raman spectra were 

collected using a Renishaw InVia Raman Spectrometer 

with both 532 nm (green) and 785 nm (red) lasers and 

analyzed with Wire 4.1 software. XRD patterns were 

collected from smear slides using a Rigaku Ultima IV 

(Cu tube at 40 kV and 44mA) and data interpretated 

using MDI Jade 2010 with the ICDD PDF4+ database. 

All of the 295K experiments were analyzed within 10 

hours of combining brines with clay. 

We also mixed kaolinite (KGa-2) with a subset of 

the brines to simulate hydrothermal reactions After 50 

days the brines and clay were separated and powder 

XRD analysis was performed on the clays.  Further 

hydrothermal experiments and Raman analyses are 

underway.  

Results: Montmorillonite + Brine: Raman peaks 

indicative of each polyatomic anion (e.g. SO4, ClO4) 

present in the brine were observed in the clay-brine 

mixtures. The montmorillonite starting material 

produces distinct Raman peaks at 201 cm-1, 432 cm-1, 

and 709 cm-1 [6], as well as at ~1260 cm-1. These 

peaks indicative of montmorillonite are clearly visible 

both when the clay is dry and when it is mixed with 

UPW or brine (Figure 1a). 

When the montmorillonite was mixed with sulfate-

bearing brines, a new Raman peak appeared around 

1010 cm-1 that is consistent with gypsum (Figure 1). 

This peak is not present in the unreacted clay, nor is it 

present in the spectra of the brines on their own. This 

suggests that gypsum precipitated almost immediately 

when the sulfate brines were mixed with the 

montmorillonite. This was confirmed in the XRD 

analyses as can be seen in Figure 2. From the XRD 

analysis we can see two additional mineral phases 

which are not observed in the original starting 

material: gypsum (~11.5 2-θ) and epsomite (~20.88 2-

θ) [7, 8]. When epsomite is normalized out of the near-

saturated MgSO4 pattern it is clear that gypsum 

precipitation increases with increasing salt 

concentration. Similarly, gypsum abundance is highest 

in the near-saturated Na2SO4 brine and decreases in 

lower concentration brine experiments. 

  

 
Figure 1 – Raman Spectra of Immediate Reactions. 

Top spectra (blue) was collected from 

montmorillonite mixed with near-saturated MgSO4 

brine, second (red) with NaSO4 brine, and third 

(grey) with ultrapure water. The bottom (yellow) 

spectra is gypsum from the RUFF database.  

 

Kaolinite + Brine:  Kaolinite shows several distinct 

Raman peaks readily observable using the 532 nm 

green laser at approximately 3620 cm-1 and 3700 cm-1. 

There is also an intense Raman peak around 140 cm-1., 

similar to Raman bands observed in previous studies 

[9]. Sulfate and perchlorate peaks associated with ions 

in the brine were apparent in the kaolinite-brine 

mixtures. However, no significant changes were 

observed in the kaolinite or brine Raman spectra as a 
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result of mixing at 295K. Similarly, no new mineral 

phases were observed in XRD analyses observed in the 

373 hydrothermal experiments.  
 

 
Figure 2 – XRD Analyses- Montmorillonite + Brine.  

 

Cation exchange as a pathway to gypsum 

formation: The rapid gypsum precipitation observed 

in the montmorillonite-sulfate brine experiments was 

most likely a result of cation exchange reactions, 

where ions within the aqueous solution replace cations 

loosely bound within the clay interlayer. We 

hypothesize that the Mg2+ and Na+ ions abundant in the 

sulfate brines exchanged with Ca2+ in the 

montmorillonite interlayer. Once the Ca2+ ions were 

released, they quickly reacted with the abundant SO4
2- 

ions also present in the brine to precipitate gypsum.  

Montmorillonite has a relatively high cation 

exchange capacity- 89 meq/100g- compared to 

kaolinite (3 meg/100g) [10]. Gypsum has also been 

observed forming in montmorillonites mixed with 

magnesium sulfate salts as they change hydration 

states, also likely due to cation exchange reactions 

[11].  

Implications for Modern Brines on Mars: 

Widespread observations of sulfate minerals across the 

surface of Mars as well as in SNC meteorites 

demonstrate that sulfate-rich fluids have played a 

significant role in near-surface processes on Mars [12-

16]. While the hydration state of the various calcium 

sulfate minerals found in veins on mars is still being 

investigated [14, 17], it seems clear that a potential 

origin for these minerals may be cation exchange 

reactions that occur over very short time periods due to 

the mixing of clays and sulfate brines. 

Observations of sulfate minerals in chondritic 

meteorites [18-20], as well as possible sulfate salts on 

icy moons [21, 22] further expand the range of sulfate-

fluid activity throughout the solar system. Indeed, 

sulfate-rich fluids have left their mark over much of 

Mars’ surface, suggesting sulfate-water-rock 

interactions may be key to understanding volatile 

cycling and potential habitability on Mars and other 

planetary bodies [23-26]. The lack of apparent 

interactions between brines and kaolinite in contrast to 

the rapid precipitation of calcium and magnesium 

sulfate minerals, as seen in the results of this and other 

studies, is also important for interpretations of  clay-

bearing sediments on Mars. Compared to smectite, 

kaolinite appears to be robust in the presence of brines.  
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