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CHARACTERISTICS OF SALT BRINES UNDER MARTIAN CONDITIONS.   C. Nicholson1,2, V. Chevrier3, and T. Altheide3, 1Department of Physics and Astronomy, University of Arkansas, Fayetteville, AR 72701,  2Department of Chemistry and Biochemistry, University of Arkansas, Fayetteville, AR, 72701, 2Arkansas Center for Space and Planetary Sciences, University of Arkansas, Fayetteville, AR, 72701.
Introduction:  Recent imagery suggests liquid water activity on the surface of Mars in the formation of gullies and viscous flows. However, liquid water is unstable at such low temperatures and pressures [1]. To permit its stability under these conditions, liquid water must be present in brine solutions. The solute (salt) in the solution allows for a lower freezing point of the system, therefore, allowing the liquid water to be present and flow on the surface of Mars [1, 2].
The Martian soils involve a complex mixture of sulfates and chlorides among others [3]. Among these there is a strong presence of magnesium sulfate, MgSO4, as it represents 5% of Martian soils [3]. Large deposits of sulfates have been found in recent history at Meridiani Planum, Valles Marineris, Margaritifer Sinus, Gusev Crater and Terra Meridiani mostly in sedimentary layers [3, 4, 5]. Chlorides have also been found at these sites [1]. Here we present using evaporation rates as a way of determining the water stability length under Martian conditions when involving magnesium sulfate (MgSO4), ferrous sulfate (FeSO4), and ferric chloride (FeCl3).
Experimentation:  Liquid brine solutions were prepared for MgSO4 (10, 15, 20, and 25 wt %), FeSO4 (10.9, 13.7, and 18.0 wt %), and FeCl3 (20, 25, and 28.9 wt %). The brine solution concentrations used are based off of the eutectic point concentration of that particular salt to establish a broader range of data. Densities of samples were also calculated prior to the experiments. Each concentration was placed in the Andromeda Chamber for Space Simulation to be exposed to low humidity (less than 5%) and ~7 mbar of CO2 for three hours.
Low humidity levels were achieved by bleeding in a small amount of CO2 and continuously pumping throughout the experiment. Several temperatures, ranging from 0 to -10˚C, were used to observe the effect on sample temperature and evaporation rate. Samples were also observed for any crystallization prior to and during the process.
Results: The evaporation rates (in mm hr-1) were determined based on observed mass loss over a two hour period at a constant low pressure, temperature and humidity. Average evaporation rate for samples based on weight percent is given in Table 1 along with samples’ density, average temperature and average humidity. Figures 1, 2, and 3 show MgSO4 solutions, FeSO4 solutions and FeCl3 solutions, respectively, as a function of the samples’ temperature along with lines indicating calculated evaporation rates of liquid water and water ice.
Table 1: Averages of all sample types tested.

	Sample Type
	Density (g/cm3)    room temp
	Ave. Evaporation Rate (mm/hr)
	Ave. Sample Temp (K)
	Ave. Humidity

	25% MgSO4
	1.27
	0.079
	272.75
	0.56

	20% MgSO4
	1.21
	0.200
	268.84
	0.18

	15% MgSO4
	1.17
	0.389
	266.87
	0.26

	10% MgSO4
	1.11
	0.561
	270.51
	0.54

	
	
	
	
	

	18.0% FeSO4
	1.19
	0.307
	270.17
	0.20

	13.7% FeSO4
	1.14
	0.299
	270.49
	0.43

	10.9% FeSO4
	1.12
	0.476
	270.74
	0.53

	
	
	
	
	

	28.9% FeCl3
	1.28
	.243
	263.98
	.27

	25% FeCl3
	1.23
	.282
	263.2
	0.33

	20% FeCl3
	1.19
	0.327
	263.5
	0.36



[image: image1.emf]
Figure 1: Evaporation of 10-25 wt % MgSO4 solutions as a function of each solution’s surface temperature. The two lines represent the calculated evaporation rate of liquid water and water ice versus sample surface temperature. Data for 10 and 15 wt % needs to be corrected for ice density.
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Figure 2: Evaporation of 10.9, 13.7, and 18 wt % FeSO4 as function of each solution’s surface temperature. As before, the two lines near the top represent the evaporation of liquid water and water ice. Atmospheric temperature was varied; however, sample surface temperature did not fluctuate much.
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Figure 3: Evaporation rate of FeCl3 as a function of temperature. Also includes the calculated evaporation rates of liquid water and water ice.
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Figure 4: Relative mass loss of various brine solutions as a function of time. As expected the lower the wt % of the sample the more mass was lost due to evaporation of the sample.
Discussion:  As liquid water is unstable on the surface of Mars, brine solutions provide an explanation as to why liquid flows have been observed on Mars’ surface in recent history. When placed under ~7 mbar of CO2 and temperatures below 0C, all solutions behaved similar in that the sample temperature dropped much lower than the atmospheric temperature and that the evaporation rate was decreased compared to that of liquid water and water ice under the same conditions.
Figure 4 relates the relative mass loss of different brine solutions as a function of time during the evaporation process in the chamber. The lower the weight percent of the sample the more the mass the sample lost. Also as a sample is evaporated its weight percent will increase though in these experiments it was not a significant difference. However, these both indicate that higher weight percent brines would have a longer life expectancy on Mars.

Since the magnesium and ferrous sulfate brines have much higher eutectic points than the chlorides, the effect of the salt precipitation during evaporation may significantly lower the rate of water loss. This is because the mineral phase which precipitates out of solution is hydrated, and thus requires water to form (see figure 5).

[image: image5.emf]Figure 5: Theoretical evaporation rates of crystallizing MgSO4 and FeSO4 hydrated phases including theoretical saturated FeSO4 (18 wt %) and saturated MgSO4 (26 wt %).
Conclusion:  The evaporation rates of the brines tested were, in most cases, much lower than expected. In addition to the presence of the salt in the solution lowering the evaporation rate, the formation of an ice cap in the magnesium and ferrous sulfate brines during the evaporation process lowered the evaporation rate considerably by forcing the ice to evaporate instead of the liquid. Thus at lower temperatures liquid brine stability is increased due to the crystallization and evaporation of hydrates such as MgSO4·7H2O and FeSO4·7H2O. Though the ferric chloride did not develop an ice cap, it still experienced a lower evaporation rate than liquid water and water ice, but not as significant difference as the other brine samples.

These brines allow for the possibility of liquid water being present on the surface of Mars. These tests have shown that brine stability at low temperatures and pressures is extended in comparison to liquid water at the same conditions which is very unstable. Further testing of sulfate and chloride brines will lead to a better understanding of brine solution characteristics under Martian conditions.
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