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• Nontronite (Fe-smectite) is one of the most
widespread phyllosilicates found on Mars, and is 
found together with the hydrated sulfate rozenite
(FeSO4.4H2O) at Valles Marineris [1] and Gale Crater.  

• Nontronite, a dioctahedral smectite can absorb
variable amounts of H2O (as shown in Fig 1a with
another dioctahedral smectite) on the surface and in 
the interlayer region resulting in expansion of the 
layers [2], and smectites are even capable of 
absorbing organics and gas molecules, (e.g CO2) [2, 
3]. 
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Fig 1. Illustration of water absorption by
montmorillonite (a dioctahedral smectite). 

The interlayer region expands with
increased water loading. (W refers to the

number of water layers) [4]

• Rozenite contains H2O in its crystal structure (Fig 2), which 
may favor stabilizing water and absorbed organics under 
the extreme conditions of Mars.

• These hydrous minerals may preserve bio(geo)chemical 
signatures for determining the geological and aqueous 
history of Mars [5].  

Fe-Smectite and Sulfates on Mars

Fig 2. The crystal structure of rozenite. 
Each crystal unit of rozenite is formed

by coordination of SO4 tetrahedra with
Fe-OH octahedra that are bonded

through a corner oxygen [6].  

Dehydration-Hydration Experimental Methods

Dehydration of Minerals with TGA and TPD-FTIR

• Nontronite exhibited a total loss of water (~23 wt.% of sample) during heating from 25 to 950 °C. Fig 3a presents the 
dehydration process of adsorbed and bound water and structural OH in nontronite.

• Rozenite lost ~51 wt.% as water during the TGA experiments, primarily occurring between 400 and 900 °C. 
• Rozenite revealed step-wise dehydration similar to the dehydration of melanterite (FeSO4. 7H2O) to szolmonokite

(FeSO4.H2O) [7]. 
• TPD-FTIR experiments (Fig 2b) illustrated progressive elimination of bound H2O in nontronite and rozenite through reduction 

in the 1626 cm-1 spectral band during heating from 25 to 400 °C.  
• The change of spectral band intensity at 1626 cm-1 corresponding to temperature up to 400 °C is shown in Fig 3c. In 

comparison with TGA results (Fig 3a), we found higher water loss in vacuo than under ambient conditions as observed for 
montmorillonite in a previous study [3]. 

Fig 3. a) TGA results for
nontronite and rozenite. b) 
TPD-FTIR 1626 cm-1 band 
intensity for nontronite to 

probe the loss of interlayer 
water, (c) changes in band 

intensity at 1626 cm-1

correlated with TGA weight 
loss in vacuo environment 
(right), similar to previous 

results [6]. 
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Cryogenic FTIR Results of Mineral-Water and Brine Mixtures

Fig 4. Cryo-FTIR results in H2O bending region for 
the water and brine mixtures of nontronite (left)
and rozenite (right) at -90°C, and with further 

heating to -40, 25 and 80°C.

• Cryo-FTIR reveals that frozen salt mixtures of nontronite and rozenite 
at -90 °C both include ice and mineral vibration bands in Fig 4 [8].

• Upon heating from -90 to -40 °C, water and CaCl2 mixtures of the  
minerals gradually lost the ice spectral features, becoming akin to 
supercooled water. However, the NaCl mixtures of minerals preserve 
the ice features.

• From -40 to 25 °C, all of the mixtures were progressively liquefied 
and shows similar spectral bands of liquid water [9]. 

• Corresponding to evaporation of excess water on the mixtures from 
25 to 80 °C, the H2O bending mode in the mixture spectra is 
redshifted accompanied by intensification of Si-O and S-O stretching 
bands at ~1000 cm-1 [8].
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Conclusions and Future Directions
• Comparison of TGA and TPD experiments confirmed that rozenite lost 

more water than nontronite. Specifically, rozenite could be a good 
indicator of water on Mars [5, 10, 11].  

• The results in Fig 3c illustrate that nontronite band intensity decreased 
more than rozenite and this will be further investigated with H-O-H, Si-O, 
and S-O stretching vibrations of minerals to detect the new phases 
formed.

• Frozen brine mixtures of nontronite and rozenite (Fig 4) revealed possible 
transient liquid water signatures corresponding to the phase diagrams of 
NaCl [8] and CaCl2 [12]. 

• While the nontronite presented hydrohalite (NaCl.2H2O) spectral signatures 
at -40 °C, rozenite did not form hydrohalite. As 0.1 M NaCl can form 
hydrohalite [8] itself, the role of rozenite to inhibit the hydrohalite will be 
investigated further, including spectra in the VNIR region. 

• Further VNIR and XRD studies will develop our understanding of the 
dehydration environments of nontronite and rozenite as well as their brine 
mixtures on Mars, and support the current CRISM spectrometer in orbit at 
Mars and the upcoming NASA Mars 2020 mission to Jezero Crater. 
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