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To place constraints upon possible Martian surface mineral assemblages it is important to 
determine what will occur in the limit of complete equilibrium between rock, water, and 
atmosphere. Previously, Zolensky et al. [ l ]  have calculated the weathering of Martian basalt with 
ground water initially in contact with the atmosphere. However, equilibrium with the Martian 
atmosphere was not maintained through out their calculation. We have repeated this calculation 
using program CHILLER, which allows us to buffer the reaction at the atmospheric values of CO, 
and 0,. Program CHILLER calculates heterogeneous chemical equilibrium conditions among 
minerals, gases, and aqueous solutions in response to temperature and/or bulk composition changes 
121. 

To represent Martian basalt we used the composition of Shergotty meteorite reported by Smith 
et  al. [3]. However, because values for  sulfur and chlorine were not reported, we assumed, for  
calculation purposes, that the rock also contained 165 ppm NaCl and 1375 ppm FeS, which is 
median in range for  terrestrial basalts [4]. We then titrated 1 kilogram of this basalt into 1 
kilogram of pure water, buffered throughout by Martian atmospheric CO, (f CO, = and 0, 
(f 0, = This reaction is plotted in figures 1 and 2. We repeated this calculation for  Earth's 
atmosphere, buffering the system at f COa = 10-3.5 and f 0, = to provide a comparison. 
These results are plotted in figures 3 and 4. Both reactions were carried out at  O.l°C and 5 bars 
total fluid pressure. 

Our results are similar to those of Zolensky et al. [ l ] ,  except that we predict dolomite to form 
instead of calcite, and both chlorite and muscovite to precipitate (as proxies for  clay components). 
The precipitation of dolomite is the result of buffering the solution at the higher value of f CO, 
(compare figure 1 with figure 3). This high CO, environment also has the consequence of 
maintaining relatively low solution pH values compared to those in a more Earth-like setting. For 
the Martian case the pH changes from an initial 5.1 and becomes buffered at 7.5. In the lower CO, 
environment the pH starts at 6.1 and becomes buffered at 9.5. The dominant minerals (weight 
percent) at  a water/rock ratio of 10, where concentrations of most of the ions in solution are rock 
controlled, under Martian atmospheric conditions are: Mg-nontronite (4S0/o), dolomite (27%), 
quartz (l3%), and kaolinite (7%). Under Terran atmospheric conditions the dominant minerals are: 
Ca-nontronite (46%), chlorite (23%), calcite (14%), and quartz (14%). Further, as the waterlrock 
decreases, the concentrations of sulfate and chlorine in solution increase dramatically. Evaporation 
of the aqueous phase should cause the precipitation of sulfate and carbonate evaporite minerals. 

We are currently calculating the effect evaporation would have upon waters equilibrated with 
the Martian atmosphere at two different water/rock ratios; one at a water/rock ratio of 1 and the 
other at  a water/rock ration of 5000, or  just prior to the formation of dolomite. Preliminary 
results indicate that gypsum precipitates (at -97% of the water removed) when we evaporate the 
low water/rock ratio fluid and that Ca-nontronite dissolves and is replace by dolomite in the 
higher water/rock ratio fluid as evaporation proceeds. 
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Figure 1 Mineral abundance -1 
diagram which shows the -2 
presence  a n d  abso lu te  - E -3 abundance (in moles) of the - 
alteration minerals produced 5 -4 
as basalt is titrated into pure -5 
water buffered by the -6 
Martian atmosphere. -7 

Figure 2 The pH and total 
m o l a l i t i e s  o f  a q u e o u s  
components (except for Fe 
which approximately constant 
at - 10-"'moles / kg of H,O) 
vs. log grams of basalt added 
to pure water buffered by the 
Martian atmosphere. 

Figure 3 Mineral abundance 
diagram which shows the 
p resence  a n d  abso lu te  
abundance (in moles) of the 
alteration minerals produced 
as basalt is titrated into pure 
water buffered by the Earth's 
atmosphere. 

Figure 4 The pH and total 
m o l a l i t i e s  of a q u e o u s  
components (except for Fe 
whichapproximatelyconstant 
at - lo-'' moles / kg of H,O) 
vs. log grams of basalt added 
to pure water buffered by 
Earth's atmosphere. 

Log Grams 

Mineral Abbreviations calc - calcite; chl - chlorite; daw - dawsonite; do1 - dolomite; gib - 
gibbsite; hem - hematite; kaol- kaolinite; micr - microcline; musc - 
muscovite; non - nontronite; qz - quartz 
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