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Introduction:  Recent investigations from the Al-

pha-Particle X-ray Spectrometers (APXS) on board the 

Mars Exploration Rovers (MER) have shown that mar-

tian sedimentary rocks and surface materials can con-

tain up to 40 wt% sulfate and up to 15 wt% Mg, with 

possible correlations between Mg and S [1]. OMEGA 

on board the ESA Mars Express mission has also de-

tected the presence of hydrated sulfate minerals. Al-

though these minerals cannot be identified unambi-

guously because many hydrated sulfates have very 

similar NIR spectral signals [2], they may be present in 

the form of evaporite minerals including those of the 

MgSO4•nH2O series [3]. Minerals in the MgSO4•nH2O 

series may be important in understanding the climate 

and hydrologic history on Mars because their hydration 

state is closely linked with the temperature and pres-

sure conditions under which the minerals formed. 

At ~23C, the mineral epsomite (MgSO4•7H2O) de-

hydrates to form hexahydrite (MgSO4•6H2O) at ap-

proximately 50% relative humidity (RH) [3]. Kieserite 

(MgSO4•H2O) is the most stable form under very low 

RH [3], even under martian temperatures. Figure 1 

(modified from [3]) shows the temperature dependence 

of this relationship. It can be seen that the reaction 

between epsomite and hexahydrite occurs at lower 

relative humidities as temperature increases. 

Figure 1:  Magnesium sulfate phase diagram showing 

the stability fields of epsomite, hexahydrite and kiese-

rite [3].  The shaded blue oval shows the region of 

most interest to this study. Although relative humidi-

ties can reach 100% on the martian surface, low-

humidity and low-temperature conditions predominate 

on the surface of Mars today. 

Methodology:  In order to better understand the 

behavior of magnesium sulfates under simulated mar-

tian conditions, we are conducting two main types of 

experiments. The first set of experiment consists of X-

ray diffraction (XRD) analyses conducted under con-

trolled-temperature and RH conditions in an environ-

mental cell. By conducting multiple analyses while 

keeping temperature constant and varying RH, the ep-

somite-hexahydrite reaction can be determined at vari-

ous temperatures. Of greatest interest is the behavior of 

the reaction at temperatures below 0
o
C, and we are 

evaluating this reaction using an environmental stage 

on our X-ray powder diffraction instrument. The dif-

fraction patterns of epsomite and hexahydrite are dis-

tinctly different, facilitating detection of the phase 

transformation. By using a very thin sample mount (so-

called slurry mount), problems with diffusion of H2O 

vapor can be minimized.   

We are also evaluating the epsomite-to-hexahydrite 

reaction using a scanning electron microscope (SEM) 

in environmental mode (ESEM), in which the tempera-

ture is held constant and the RH is varied by changing 

the pressure in the chamber. As epsomite dehydrates to 

hexahydrite, a ~10% volume loss occurs, thereby de-

grading the surface of the crystal. By continuously 

observing the appearance of the epsomite crystal, the 

point where dehydration occurs can be seen. Single-

crystal samples were allowed to equilibrate after each 

decrease in humidity to account for diffusion into or 

out of the interior of the crystal.  

The presence of the gas atmosphere in ESEM mode 

somewhat degrades the resolution of SEM images but 

the changes in crystal appearance are still clearly visi-

ble. Surface irregularities of the crystals become more 

apparent with decreasing humidity, after the epsomite 

dehydrates to hexahydrite. To see this change more 

clearly, videos of the dehydration process were taken 

and viewed at a higher speed. 

Figure 2 shows SEM images taken during the ep-

somite-hexahydrite transition. The first image, taken 

under 80% RH shows relatively little etching on the 

crystal surface. The second image was taken under 

30% RH, after the epsomite had dehydrated to hexahy-

drite. This etching is the result of the diffusion of H2O 

out of the crystal. Further etching would occur as the 

mineral dehydrates to form kieserite, a low-RH phase, 

but the kinetics of this reaction are very slow [3].   
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Figure 2:  SEM photomicrographs taken at 2⁰C, 80% relative 

humidity (559 Pa) and 30% relative humidity (213 Pa), re-

spectively 

 

Conclusions: The results of the low-temperature 

XRD experiments, coupled with ESEM measurements, 

will further clarify the relationship between RH and 

the hydration state of minerals in the MgSO4•nH2O 

series. In particular, these experiments will extend to 

lower temperatures our information on the temperature 

dependence of the epsomite-hexahydrite reaction. 

The ESEM measurements are valuable for under-

standing the physical effects of dehydration reactions, 

and our results show degradation in the surface texture 

of crystals with decreasing humidity. These observa-

tions may have relevance for the interpretation of NIR 

spectral data measured from Martian orbiters. The em-

pirical data from the XRD and SEM analyses, coupled 

with thermodynamic calculations [4, 5], can be power-

ful tools for understanding the behavior of magnesium 

sulfates on the surface of Mars. 

The scale of surface textures seen under the SEM is 

partially within the resolution range of the Mars Hand 

Lens Imager (MAHLI) on Mars Science Lab (MSL). 

Thus, textural observations from the martian surface 

could provide evidence for a history of changing RH. 

Such observations could thereby yield information 

about the climatic and hydrologic past on Mars. 
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