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Introduction:  We report the first measurements 

and images obtained using a new high-pressure volu-
metric cell with sapphire windows to study phase 
equilibria in a 17 wt.% sample of MgSO4 in H2O. 
Magnesium sulfate was chosen for study because it is 
regarded as among the most likely constituents of 
Europa’s ocean and icy shell [1-2] and constitutes 
key salts on Mars [3].   The 17 wt.% composition is 
close to the eutectic. The new data, when combined 
with data from our earlier study of the density vs. 
pressure and temperature of MgSO4 solutions [4], 
will enable us to identify the phases with greater cer-
tainty and describe the phase transitions with greater 
precision.  For example, we observe that the process 
of solidification of the supercooled sample involves a 
sequence in which a fine-grained structure forms 
rapidly, followed by the generation of liquid and then 
slower growth of large-grained crystals.  The addi-
tion of visual images to our capability to track the 
changes in sample volume is also valuable to assess 
both stable and reversible phase changes and metast-
able phase transitions.  Metastability has proven a 
key aspect of this system in the lab and in nature.         
 Experimental:  In an ongoing series of experi-
ments at Lafayette College the high-pressure phase 
diagrams and relative densities of planetologically 
important aqueous solutions have been determined at 
pressures up to 400 MPa over a temperature range 
from as low as 130 K to 360 K.  The apparatus and 
techniques for the volume measurements have been 
described previously [4].  We have recently modified 
the experiment by replacing the pressure vessel with 
a sample cell consisting of a standard high-pressure 
fitting called a cross that consists of a stainless steel 
block containing four ports.  Two opposing ports 
contain replaceable plugs that have sapphire win-
dows sealed with epoxy.  The third port contains a 
plug in which a silicon diode thermometer is in-
stalled, and the fourth port connects the cell to the 
pressure system.  To achieve temperature control, the 
cross is mounted in a copper box, which is cooled by 
a chilled ethanol bath and heated by a heating pad. 
 The imaging system consists of a lamp that shines 
light down a tube to a 45o mirror that directs the 
beam horizontally through the sample cell.  After 
emerging from the cell, the beam is reflected by a 
second mirror upward through a long-focal length 
optical microscope.  The images shown here corre-
spond to an area approximately 1 mm across.  The 

system has been tested at pressures to 400 MPa and 
temperatures from 240K to 300K. 
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Figure 1: Experimental data run at 2 MPa. 
 
  

 
Figure 2: Sample is at point c in Figure 1. 

 
 Results and Interpretation:  Figure 1 shows a 
plot of transducer voltage vs. T for a data run at low 
pressure.  The voltage is approximately proportional 
to sample volume. The supercooled sample solidified 
rapidly starting at point b forming an opaque low-
density mass, but after some hours at temperatures 
between 250K and 260K this material dissolved as 
shown in Figure 2, to be followed by the growth of 
the structures shown in Figure 3 at about 265 K.  
Congruent eutectic melting occurred at approxi-
mately 270.2 K.  
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Figure 3:  Sample is at point d in Figure 1.  Remnants of 
crystals from Figure 2 are still visible in the upper left-hand 
corner. 

 
 In Figures 4 and 5 we see the results of a longer 
run at 200 MPa.  The sample solidified rapidly at 
point b, and then between c and g dissolved much as 
in Figure 2, and crystallized again.  Above point g, 
the crystals began dissolving again.  Eutectic melting 
was observed between points h and i, after which the 
sample was cooled slightly.  The small crystals began 
growing again, but were quickly overtaken by the 
rapid growth of the complex structures shown in Fig-
ure 5 between points i and j.  Upon warming slightly 
above point j, the small crystals continued to grow, 
while the larger crystals appeared to begin to dis-
solve.  Further warming to k led to a repeat of the 
eutectic melting.  Finally, residual ice melted along 
the liquidus to point m.  The observed phases include 
what we believe are both stable and metastable 
phases.  A full interpretation in terms of specific 
phases in the context of a phase diagram, metastable 
transitions, and volume changes within the system 
will be presented after we have produced and ana-
lyzed more experimental data. 
 Discussion:  Long-lived metastable evaporitic 
magnesium sulfate phases occur in violation of stable 
phase equilibria [5], including sanderite 
(MgSO4∙2H2O), starkeyite (MgSO4∙4H2O), and pen-
tahydrite  (MgSO4∙5H2O). Although metastable, 
these salts are found in soil effluorescences, where 
they probably form by rapid precipitation during the 
diurnal temperature cycle.   Our laboratory studies 
have highlighted metastable transitions in this system 
[4], which we have again observed, but now with 
added optical imaging evidence.  A key metastable 
eutectic, for instance, has been documented at the 
intersection of the water ice and epsomite liquidus 
curves [5-6].  Metastable mixtures of these two solid 
phases are known to revert isochemically over time 
to a stable assemblage of ice and magnesium sulfate 
dodecahydrate, with a consequent volume change  
[4-5].   
     Volume changes in these substances may take 

place by thermodynamic equilibrium open-system 
dehydration/hydration reactions due to shifting cli-
mate on Mars or a changing geothermal environment 
in the crust of Europa.   Volumes of these materials 
may also change by closed-system reversions of me-
tastable assemblages to stable ones.  These volume 
changes may drive tensile fracturing, lithic and 
crustal disintegration, mass wasting, and compres-
sional folding. Decimeter-size polygonal cracks ob-
served by the Opportunity rover at Meridiani 
Planum, larger polygons elsewhere on Mars, and 
large rifts, buckles, lenticulae, and chaotic terrains on 
Europa may be related to such phase transitions. 
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Figure 4: Experimental data run at 200 MPa. 

 
 

 
Figure 5: Sample is between i and j in Figure 4. 
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