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PALEOSOLS ON MARS: ANOTHER LOOK AT THE VIKING LANDER 
MEASUREMENTS; M. W. Schaefer, Yale University Department of Geology and Geo- 
physics, and Astronomy Department, University of Maryland, College Park 

The surface of Mars may be thought of as a paleosol-a fossil soil-and as such it 
reflects the weathering processes that have occurred on Mars throughout its long history. 
The chemical composition of the Martian paleosols, as measured by the Viking landers, 
shows the effects of aqueous alteration under conditions of only moderate oxidation. 

Paleosols-ancient soils--offer a window onto the conditions under which they formed. 
On Earth they may be used as indicators of past levels of atmospheric oxygen [I]. On Mars 
they offer the promise of constraining models of the ancient weathering environment. Several 
problems must be solved before useful information can be extracted from compositional data 
of a possible paleosol, however [2]: First, it must be determined that the material under 
study is indeed a paleosol; Then, modifications of these paleosols by later processes, such as 
metamorphism, must be recognized, and the chemistry and mineralogy of the original rock 
upon which the soil was developed must be reconstructed. 

In the case of the Martian surface materials there is good reason for assuming them 
to be paleosols. With the exception of regions such as the great outflow channels, there is 
little geologic evidence of significant mass movement on the Martian surface, other than the 
'gardening' of the regolith due to impact processes. This implies that if the basement rocks 
have been altered from their original composition, it is likely that this alteration was done 
in situ, and therefore that the altered material is properly termed a paleosol. Even if the 
altered material has been transported a significant distance from the source region, as long 
as the chemical composition of the material was not altered as a result of this transport, it 
may safely be treated as a paleosol for the present calculations. 

On Earth paleosols are preserved only rarely, because they are usually removed by 
erosional processes, and when they are preserved, they are usually covered by later sedi- 
ments or volcanic deposits [2]. On Mars there has been little or no erosion over large areas 
(for instance, Chryse and Utopia Planitiae) for a very long time, no significant depositional 
processes, and no metamorphism. The only important process that might affect our calcu- 
lations is the gas-solid weathering [3] that is occurring to the Martian paleosols as they sit 
on the surface today. 

We have no direct information on the chemistry of the materials from which the surface 
materials weathered. However, the SNC meteorites are thought to represent Martian surface 
rocks that have been ejected into space by giant impacts [4]. These meteorites will be used 
here to model the starting materials from which the Martian paleosols weathered. 

Several interesting points may be noted in Table 1. If the assumption that the Martian 
surface materials weathered out from a material similar to the SNC meteorites is valid, then 
they are highly weathered materials. This is shown by the large increase in A1203 and, to 
a lesser extent, T i02 ,  and by the decrease in MgO, and CaO. 
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Table 1: Comparison of SNC meteorite compositions with Viking lander compositions (anal- 
yses taken from Banin et al. (1992). 

Wt. % Oxides 

MgO 
~ 1 ~ 0 ~  
Si02 
CaO 
Ti02 
FeO 

Fe203 
S 

so3 

The second interesting point to consider is the extreme enrichment in sulfur. This may 
indicate the presence of evaporite contaminants, or the effects of volcanic gases. 

And last, this weathering occurred under conditions that were no more than mod- 
erately oxidizing. The degree of iron loss in a paleosol is related to  the ratio, R,  of the 
oxidant demand to the acid demand for complete weathering of the parent rock [I]. [The 
calculated value of R for the SNC meteorites is 0.063.1 If the ratio of oxidant supply to acid 
supply during weathering exceeds R, then all of the Fe2+ released during weathering will be 
reprecipitated and retained. If this ratio is less than R,  then the iron will only be partially 
retained, and the remainder will be washed out of the soil. Some Fe2+ may be washed 
out even if there is a small amount of free oxygen present in the soil water, particularly in 
acid soils [2]. A loss of 20% to  40% iron indicates that the ratio of oxidant supply to acid 
supply during weathering is approximately equal to R. The present value of about 20% 
Fe loss implies that weathering occurred under a moderately, but not extremely, oxidizing 
environment. 

Average SNC meteorite 
15.143 
3.958 
47.416 
9.588 
0.552 
20.518 

0.097 

[I] Holland, H. D. (1984) The Chemical Evolution of the Atmosphere and Oceans; [2] Hol- 
land, H. D. and Zbinden, E. A. (1988) in Physical and Chemical Weathering in Geochemical 
Cycles, 61; Gooding, J. L. (1978) Icarus 33, 483; [4] Banin, A. et al. (1992) in Mars, 594. 
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Average Viking Analysis 
6 

7.3 
43.25 
5.75 
0.595 

17.775 

7.325 

Molar % Change 
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