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Introduction: The Michigan Mars Environmental 

Chamber (MMEC) will be used to test the hypothesis 
that salts present in the Martian soil at concentrations 
of about 1 wt% can deliquesce and form microscopic 
brine pockets that can be concentrated into larger 
pockets or layers by freeze-thaw cycles. This is rele-
vant to exobiology because these brine pockets have 
the potential to be habitable. The MMEC principally 
consists of a thermal vacuum system with a chilled 
mirror hygrometer and a microwave soil moisture sen-
sor. 

Motivation: The idea that liquid brines are ubiqui-
tous in the Martian polar region [1,2,3] is exciting be-
cause many microorganisms thrive in terrestrial brines, 
and in particular brines from subglacial environments. 
The discovery of sulfur and iron cycling microbial 
communities in the subglacial brine that episodically 
drains from Taylor Glacier in Antarctica’s Dry Valleys 
[4] is particularly relevant to the understanding of the 
habitability of Mars. Boetius and Joye [5] present an 
overview of hypersaline habitats and the microorga-
nisms that inhabit them. 

Laboratory Apparatus: The MMEC has been de-
signed to simulate the environmental conditions at the 
Mars Phoenix landing site during diurnal and seasonal 
temperature cycles. The system consists of a vacuum 
chamber with six internal thermal plates. The plates are 
arranged to form a cubic thermal cavity that can be 
cryogenically cooled by liquid nitrogen. Additional 
thermal control is attained through the use of resistive 
patch heaters, which are fixed on the thermal plates. 
The vacuum chamber inlet is connected to a carbon 
dioxide dry gas stream, which can be throttled to con-
trol the chamber’s humidity. The vacuum chamber 
outlet passes through a chilled mirror hygrometer to 
measure the chamber humidity before the air exits the 
vacuum pump. 

The MMEC, seen in Fig. 4, will enable research on 
the influence of water on physical, chemical and bio-
logical processes, which are relevant for planetary re-
search. Further, it can aid in the development, testing 
and calibration of sensors for applications under ex-
treme conditions on the Earth and Mars.  

Fig 4. (Left) The MMEC Vacuum Chamber. (Right, top) A 
small sample chamber with 250 mL soil sample. (Right, 
bottom) The microwave soil moisture sensor. 

Specifications: The MMEC was designed to meet 
the following specifications: 

• Sample Volume: 30 cm x 30 cm x 30 cm 
• Atmospheric Pressure: 10 Pa to 105  Pa 
• Water Vapor Pressure: 0.05 Pa to 45 Pa 
• Temperature: -170o C to +230o C 
• Temperature Cycle Time: Hours to Days 
• Solar Simulation: UV to near-IR 
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