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Introduction: It has become increasingly important 

to accurately characterize and identify mineral phases in 

the Martian regolith via spectroscopy. Identification of 

mineral phases in Martian spectra requires comparison 

to reference spectra from laboratory or analog studies 

on Earth. However, comprehensive spectral libraries 

that include mineral mixtures and coatings relevant to 

Mars are lacking. Additionally, much of the Martian 

regolith has been observed to be amorphous [1], so this 

whole class of greatly underrepresented phases must be 

spectrally characterized. In this study, we add repre-

sentative Martian regolith materials and sodium chlo-

ride in specific dry mass ratios to ferric sulfate, which is 

known to form an amorphous film after a hydration/de-

hydration cycle [2]. These mixtures were hydrated to 

saturation and then vacuum dehydrated. Resulting ma-

terial was analyzed with x-ray diffraction (XRD) and 

Fourier transform infrared (FTIR) spectroscopy. Spec-

tra were compared to potential mineral products. 

Methods: Hawaiian basalt, nontronite, gypsum, 

magnesite, and hematite samples were separated into 

two grain size bins, 25-63 μm and 63-180 μm, via shat-

terboxing and dry sieving. For each grain size, 0.5 g of 

each sample was mixed with an equal mass of anhy-

drous ferric sulfate (Fe2
3+(SO4)3). Each mixture has a 

duplicate that includes an additional 0.5 g of sodium 

chloride (NaCl). All samples were placed in a tempera-

ture-controlled 92% relative humidity (RH) atmosphere 

for four days to allow each mixture to reach saturation. 

Samples were then transferred into an Applied Vacuum 

Engineering vacuum chamber, where they were dehy-

drated for at least 3 days. This process simulates boiling 

due to low atmospheric pressure on the Martian surface.  

FTIR spectra were promptly collected using a 

Bruker Alpha spectrometer with a attenuated total re-

flectance (ATR) platinum Diamond attachment (360-

4000 cm-1, 4 cm-1 spectral resolution, KBr beam-splitter, 

Merz phase correction, Norton-Beer Strong Apodiza-

tion, 128 scans). Spectra were acquired under anaerobic 

conditions inside a VAC ATM anaerobic chamber. An 

atmospheric correction and concave rubberband contin-

uum removal were performed in Bruker's OPUS soft-

ware. Aliquots of sample were then analyzed via XRD 

using a Rikagu SmartLab SE x-ray diffractometer in or-

der to identify potential crystalline phases. 

Results: Spectra for the experimental mixtures are 

shown in Figures 1-5. Labels list the starting composi-

tion of the sample and the grain size of the regolith ma-

terial. Abbreviations are FeSulf (ferric sulfate), NaCl 

(sodium chloride), Non (nontronite), Gyp (gypsum), 

Mag (magnesite), and Hem (hematite). XRD data indi-

cate that products are mixtures of amorphous material 

and crystalline phases, such as butlerite, natrojarosite, 

and FeOHSO4. Representative spectra for these miner-

als and other minerals that have been predicted or iden-

tified on the Martian surface are also plotted. These 

minerals, include butlerite [4], amarantite [5], fibrofer-

rite [4], natrojarosite [6,7], hydroniumjarosite [6,7], par-

acoquimbite [4], and thenardite. 

Conclusions: Mars provides a geochemical envi-

ronment that may result in unanticipated mineral phases 

and transformation. Expanding our spectral libraries to 

cover these possibilities is of paramount importance. 

 
Figure 1. FTIR spectra of basalt samples with starting mate-

rials and reference spectra from the RRUFF database [3].  
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Figure 3. FTIR spectra of Gyp samples with starting materi-

als and reference spectra from the RRUFF database [3].  

 
 

Figure 5. FTIR spectra of Mag samples with starting mate-

rials and reference spectra from the RRUFF database [3].  

 

 
Figure 4. FTIR spectra of Hem samples with starting mate-

rials and reference spectra from the RRUFF database [3].  

 

 
Figure 2. FTIR spectra of Non samples with starting materi-

als and reference spectra from the RRUFF database [3].  
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