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Introduction:  We have done preliminary work to 

experimentally freeze solutions to create laboratory-
grown salt assemblages for comparison with micro-
scope image data from Mars (e.g., past and future 
Mars rovers and Phoenix) [1]. We seek to distinguish 
between “evaporites” (salts left behind after evapora-
tion) and “cryogenites” (salt assemblages formed by 
ice exclusion and sublimation). Presently, there is very 
little work differentiating evaporites from cryogenites 
using morphology, with scarce information concerning 
grain size, crystal shape, and texture relationships. 
While rare on earth, cryogenites may be common or 
dominant on Mars. Salts thought to be likely on Mars 
that are included in this study are: MgSO4, MgCl2, 
CaSO4, K(ClO4), Mg(ClO4)2, NaClO4, and (K, Na) 
Fe3(SO4)2(OH)6. These salts generally have hydrated 
forms at subzero temperatures. Here, we report work 
in progress, considering two systems: MgSO4 and 
MgCl2. 

Approach:  Aqueous salt solutions were mixed at 
room temperature and cooled in a walk-in freezer 
equipped with a microscope. To date, this investigation 
has exclusively considered binary systems, each a sin-
gle salt dissolved in water. The freezing equilibrium 
diagram for the MgSO4 – H2O system can be calcu-
lated with FREZCHEM [2] (Fig. 1). Most binary sys-
tems share this general form. For any given tempera-
ture above the eutectic (Teu), there are two different 
equilibrium brine concentrations: one in equilibrium 
with ice, the other with the crystalline salt. Once in 
equilibrium, the brine solution will remain at its tem-
perature-determined concentration. The mass of ice 

 
Figure 1. Freezing equilibrium relationships for the 
MgSO4 – H2O binary system. 

(left-hand branch) or the amount of precipitated salt 
crystal (right-hand branch) will adjust such that the 
brine concentration remains at its freezing equilibrium 
value. No liquid exists below Teu where all the water is 
frozen as ice or bound in the hydrate. 

We hypothesize that the initial concentration, and 
thus, the path of formation, determines the size and 
character of the crystals formed. Crystals grown from 
relatively low concentration solution form in the pres-
ence of ice (left-hand branch). Crystals grown in the 
saturated solution (right-hand branch) remain in sus-
pension. Both formation mechanisms should be physi-
cally viable, depending solely on the initial concentra-
tion of the brine from which they are formed. We have 
grown salt crystals for observation using both paths of 
formation for this study, as well as previous studies 
[3]. 

Materials and Methods:  Solutions were mixed 
using reagent grade salts and distilled water. Imagery 
was obtained in a freezer laboratory at the University 
of Washington using a microscope, transmitted plain 
light, and a Nikon D70 camera.  Sample temperature 
was monitored with a thermistor. Some of the salts 
being studied are strongly deliquescent, so the micro-
scope was placed in a dry enclosure for the purpose of 
reducing the water vapor around the microscope stage.  

Solutions prepared for the left-hand branch were 
created with concentration just below the eutectic con-
centration. For the MgSO4-H2O system, this is 1.73 m. 
Once cooled below Teu (-3.59 °C), the solid was com-
posed entirely of MgSO4-11H2O and ice. Imaging in 
the presence of small, optically-thick collections of 
fine grained ice crystals is difficult, so a freeze-drier 
(Labconco FreeZone 1 liter) was used to rapidly re-
move the ice by sublimation, leaving the hydrated 
crystals for examination. Solutions prepared for the 
right-hand branch were mixed with concentration just 
below the saturation concentration at room tempera-
ture (2.85 m for MgSO4-H2O). This solution was then 
cooled to between -1 and –3 °C, where MgSO4-11H2O 
crystals were observed in suspension. 

We attempted to verify the hydration state of the 
crystals grown in the laboratory by removing the un-
bound ice by freeze drying, massing the ice-free, but 
still hydrated crystals, baking the crystals to remove 
bound waters, and then comparing the remaining mass. 
Deliquescence made this procedure very cumbersome 
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for the MgCl2 crystals, but the MgSO4 - 11H2O crys-
tals appear to have been successfully verified. 

Results: Preliminary results have focused on ob-
taining imagery of several cryogenites: MgSO4 - 
11H2O (meridianiite) [4], MgCl2 - 8H2O, and MgCl2 - 
12H2O. Figure 2 shows laboratory-grown meridianiite, 
a) after sublimation of ice from the eutectic solid and 
b) in solution.   

 
Figure 2: Laboratory grown meridianiite a) after sub-
limation of ice from the eutectic solid at temperature -
10 °C and b) in solution at -3 °C.  
 

Clearly, crystals formed in solution are more regu-
lar in shape (which is triclinic [5]) and intact. They are 
also considerably larger, with characteristic size ap-
proximately 50 - 200 µm, compared to characteristic 
size for the crystals formed in the eutectic solid of ap-
proximately 10 - 50 µm. 

The MgCl2 system has two hydrated forms at sub-
zero temperature (MgCl2 - 8H2O and MgCl2 - 12H2O). 
According to the freezing equilibrium relationships 
predicted by FREZCHEM, the 8-hydrate is only 
formed at temperatures between -3 and -16 °C. The 
12-hydrate is formed at temperatures below -16 °C. 
Figure 3 shows an image of laboratory-grown MgCl2 - 
12H2O as formed in solution. The MgCl2 crystals are 

strongly deliquescent, presenting challenges for han-
dling in the laboratory. 

 
Figure 3. Image of MgCl2 - 12H2O grown in solution. 
 

Conclusions: We have begun documenting im-
agery of laboratory-grown cryogenites, including 
MgSO4 - 11H20, MgCl2 - 8H2O and MgCl2 - 12H2O. 
Comparison between crystals grown in solution and 
crystals extracted from a eutectic solid reveal differ-
ences in size and the integrity of the crystal shape. 
With these salts, crystals are consistently smaller when 
formed in the eutectic solid, but definitive experiments 
with controlled cooling rates have not yet been carried 
out. Crystals are larger and have more uniform mor-
phology when grown in solution. The two different 
paths of crystal formation provide a useful framework 
for comparing crystal morphologies. 

Future work: We plan to continue this work with 
detailed assessment of other salt-water systems, in-
cluding: CaSO4, K(ClO4), Mg(ClO4)2, Na(ClO4) and 
(K, Na) Fe3(SO4)2(OH)6. Some of these systems have 
low Teu and are strongly deliquescent, making these 
experiments challenging in the laboratory. We also 
plan to carry out experiments with controlled cooling 
rates to assess controls on individual crystal size. 
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