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Introduction:  The cold, dry soils of the Antarctic can 
serve as relevant analogs to martian soils.  Soils formed 
from weathering of the Ferrar Dolerite (diabase) are espe-
cially useful, since this dolerite is itself a good analog to 
shergottite (basaltic martian meteorite) lithologies.  Previ-
ously, we have presented the results of (ongoing) analyti-
cal studies of the mineralogies in a sample of the Ferrar 
Dolerite and associated soil from Lewis Cliff in the Cen-
tral Transantarctic Mountains [e.g. 1,2].  We are studying 
these analog samples to investigate weathering products 
and processes, and thereby to gain insight into Mars-like 
weathering mechanisms.   
     Chemical weathering processes can also be explored 
by theoretical modeling.  Several authors have carried out 
equilibrium thermodynamic modeling to explore water-
rock and gas-rock interactions on Mars [e.g. 3-5].  How-
ever, these models can only provide the final results of 
weathering reactions and reveal reaction trends.  To in-
vestigate weathering in a system in which many reactions 
have not reached equilibrium (likely for many reactions 
occurring under low temperature (T) and low water/rock 
conditions), kinetic data, such as mineral dissolution rates, 
need to be incorporated into weathering models. 
     Here, we report on our initial results in investigating 
martian weathering processes through application of a 
kinetic weathering model to a Ferrar Dolerite composi-
tion.  
Approach:  The ultimate goal is to investigate temporal 
changes in the mineral assemblages and fluids produced 
during weathering, and the relationship to changes in ini-
tial amounts and compositions of solutions and rocks, T, 
pH, and activities of dissolved gases.  Our first objective 
is to investigate the weathering of a Ferrar Dolerite min-
eralogy under open system conditions in which solution is 
constantly flowing through the rock.  Modeling results 
can then be compared to the mineral assemblage produced 
by natural weathering, to gain insight into the alteration 
conditions involved.  We evaluated temporal changes in 
the amounts of remaining and dissolved material, under 
different T and pH conditions and parent rock/soil proper-
ties.  Although this initial model is not directly representa-
tive of the Antarctic environment, which is not exposed to 
constant flowing water, this simple system is a logical 
starting place for understanding the effect of model pa-
rameters on weatheirng.  Also, an estimation of dissolu-
tion behavior with less water involved can be made by 
scaling the results to longer dissolution times. 
     Low temperature (0ºC) chemical weathering is mod-
eled to occur in 1 kg of sand of a simplified Ferrar 
Dolerite composition consisting of 50 vol % diopside and 
50 vol % labradorite. The dissolution of each mineral, 

presented as sphere particles, is considered separately. 
The variables are starting mineral, initial amount of min-
eral, initial grain diameter, T, pH, and time increment. 
Changing grain size allows us to change the amount of 
surface area exposed to solution.  
     Dissolution rates for 0ºC were calculated from pub-
lished rate data at 25ºC [e.g., 6-8] using the Arrhenius 
equation and activation energies (Ea) for diopside and 
labradorite, which represented pyroxene and plagioclase 
in the dolerite. Although the dolerite pyroxenes are actu-
ally dominated by augite and pigeonite, dissolution rates 
are not available for pigeonite and augite data is only 
available for low pH. Diopside kinetic parameters were 
therefore used to represent the pyroxene. Future work will 
incorporate the small amounts of magnetite, quartz, and 
K-feldspar that are present in the rock.  Differing values 
of Ea have been reported in the literature. We used 14 
kcal/mol for labradorite [9] and ~13 kcal/mol for diopside 
[10].  The calculated rates are shown vs. pH in Fig. 1. 
Results:  Our calculations show that pH and grain size 
have a sizable influence on dissolution.  Both diopside 
and labradorite show an increase in dissolution rates as 
the pH is lowered from neutral, but they exhibit opposite 
behavior as pH is raised from neutral, with diopside 
showing a decrease and labradorite an increase (Fig. 1).  
At 25ºC, rates are approximately an order of magnitude 
higher, but a similar pattern of variation with pH is still 
observed. 
     Changes in pH have an interesting affect on the rela-
tive volume of minerals left in the system after a period of 
dissolution, as shown in Figure 2.  Between pH values of 
~4 and ~10, labradorite dominates, as diopside dissolves 
preferentially.  In acidic solutions, labradorite dissolves 
preferentially and diopside dominates.  The volume of 
diopside left will be greater than that of labradorite above 
a pH of ~10.  These general patterns are observed for all 
three dissolution times shown in Fig. 2, but as dissolution 
times are increased, deviation of the plagioclase/pyroxene 
ratio from 1 increases, for a given pH. 
     Figure 3 shows how grain diameter decreases with 
time at a given pH (pH 5) and given starting grain diame-
ter.  For both minerals, grain diameters decrease with time 
more quickly with decreasing grain size.  The decrease in 
the total surface area of the mineral grains shows a similar 
pattern with respect to time (not shown).  For a given 
grain size, labradorite grains dissolve more slowly at this 
pH.   
Discussion:  At this stage, some preliminary qualitative 
comparisons can be made to the results of weathering 
observed in the Antarctic samples, and to potential mar-
tian weathering.  Changes in the plagioclase/pyroxene 
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ratio with pH (Fig. 2) support the idea that dissolution 
kinetics, in solutions of pH ~4-10, can lead to an en-
hancement in the apparent plagioclase content of a weath-
ered basaltic rock or soil.  This may suggest that the Ant-
arctic soil and rock we have studied were altered by solu-
tions with average pH values of ~4-10.  In fact, because 
the soil contains more plagioclase than pyroxene and the 
parent rock shows more dissolution of pyroxenes.  This 
may also be used to draw tentative conclusions about 
possible martian weathering processes. TES data indicate 
that the global surface spectral type 2 (ST2) composition, 
interpreted as andesitic or as partially altered basalt [11], 
is more plagioclase-rich than surface type 1 (basaltic) [12] 
.  Larger amounts of plagioclase in ST2 compositions 
could be due in part to preferential chemical weathering 
of pyroxenes vs. plagioclase in basaltic materials, at low 
temperature and pH ~4-10 solution conditions. 
     Also, the Antarctic soil has abundant sulfate salts, 
which have an oxygen isotope signature consistent with 
some of the salts being formed by interactions of acidic 
aerosols with the soil [e.g. 13] .  This may suggest that the 
average weathering fluid was of sub-neutral pH.  At pHs 
below neutral (7) and above 4, pyroxene is preferentially 
dissolved.  The action of acid aerosols, integral to Martian 
“acid fog” models [e.g. 14], could similarly lead to sub-
neutral weathering solutions in which pyroxene is more 
readily dissolved than plagioclase.  Elevated plagio-
clase/pyroxene ratios observed in some martian surface 
materials [e.g. 15] may indicate low pH weathering.     
     When making these preliminary comparisons, several 
caveats must be kept in mind.  One is that a simplified 
dolerite composition was used.  Another is that this is an 
open system model, in which there is a constant flow of 
solution. This is very different than the Antarctic and 
Mars environments.  For example, Lewis Cliff receives a 
yearly average of ~10g of water equivalent precipita-
tion/cm2, as snow, and only a small amount melts [16].  
Despite this, many of the trends in mineral dissolution 
with time resulting from this model can be scaled to an 
approximate Antarctic time frame.  For example, the pat-
tern observed in Fig. 3 will be similar with less water 
available, but the amount of time over which grains dis-
solve would increase by several orders of magnitude.  
Also, it is widely observed that natural weathering rates 
are slower than experimental rates, complicating the use 
of these rates to try to understand natural weathering.  
However, when starting materials are identical, the dis-
crepancy between lab and field rates is generally ~1-2 
orders of magnitude and can be due to a variety of factors 
[10].   
     The next step will be to use a thermodynamic model to 
see what minerals precipitate from the fluids in which 
minerals in this open system dissolved.  These secondary 
minerals can then also be compared to minerals produced 
during natural weathering. 
     In summary, applying an open system kinetic weathering 
model to a basaltic mineralogy has revealed interesting 
trends in changes in grain size and plagioglase/pyroxene 

ratios with changes in pH and dissolution time.  The initial 
model results suggest that plagioclase/pyroxene ratios in 
martian materials and analogous Antarctic soils can be used 
to constrain the pH and timing of weathering. 
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