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The Viking landers found no organic molecules on Mars to the detection threshold 
(-1 ppm for simple compounds, -1 ppb for more complex organics) of the gas chro- 
matograph mass spectrometer (GCMS) experiment (1). Yet extrapolations of the lunar 
meteoritic flux to Mars suggest a quantity of organics that should have been detectable 
by the Viking GCMS (1). In addition,. photochemical reduction of carbon monoxide may 
provide an endogenous source of martian organics (2). 

The Viking biology experiments strongly suggest the presence of powerful oxidants 
in at least the upper -10 cm of the martian regolith (3). In the gas-exchange (GEx) 
experiment, martian "soiln released 70-790 nmoles 0 2  ~ m - ~  in the presence of water 
vapor; in the labelled-release (LR) experiment, martian soil plus organic nutrients released 
-30 nmoles C02  ~ m - ~ .  Both these results are readily explained by the action of oxidants; 
for example, a possible mechanism for the LR result would be the oxidation of formate in 
the nutrient solution by hydrogen peroxide present in the martian soil: H202+HCOOH 
---, 2H20+C02 (3). Moreover, martian atmospheric modeling predicts the production 
of H202 and other oxidants by UV photochemistry, leading to a flux Fo = 2 x 10' ~ m - ~  
sec-' of equivalent O2 molecules onto the martian surface (4). Such oxidants would 
destroy organic molecules rapidly and, if organics were ever present at GCMS-detectable 
levels on Mars, are the likely explanation for that instrument's negative results. 

It has been argued that early Mars may have been more "earthliken than at present 
(5). Such conditions could possibly have persisted until 3.5 Gyr ago (6 ; the current, 
highly-oxidizing environment would then have set in since this time. r' o examine the 
original oxidation state of martian materials, as well as to investigate the nature of possible 
early martian organics, it will be necessary to drill or excavate below the current surface 
oxidizing layer. Key issues for future exploration of Mars therefore include the depth to 
which this oxidizing layer extends, and where a mission should go for the best chance of 
sampling beneath it. To this end, we have modeled oxidant diffusion into the martian 
regolith, following the diffusion formalism of Fanale e t  d. (7). We take the regolith 
temperature T=216 K to be constant, and set background C02  pressure P=6 mbar. We 
take an average pore size in the regolith ro=lpm 7). Core samples (8), penetration studies 

, and seismic data (10) all give a value -40 b o for the porosity of the lunar regolith. 
unar seismic data (lo), as well as the porosities of nonindurated terrestrial materials P' 

(11) , are consistent with this value to a depth of hundreds of meters. We therefore set the 
porosity of the martian regolith f -0.4. Finally, empirical values for tortuosities in bulk 
diffusion typically range from 2 to 6 (12); a value q=5 is often used for the martian regolith 
(13,7). This definition of tortuosity assumes a bulk diffusion coefficient D,jf related to 
the diffusion coefficient for a cylinder D by the relation Def =(f/q)D; the formalism 
employed here (7) instead puts Dejf =(f/3r)D, so that we set tortuosity r=q/3=5/3. 

With these choices of parameters, we find that transport of oxidants into the martian 
regolith is dominated by Knudsen, rather than molecular, diffusion. In the absence of 
sinks, this diffusion is remarkably fast: oxidants produced at the martian surface would 
diffuse to a depth -100 m in -100 yr, and to -1 km in -lo4 yr. Therefore a consideration 
of potential oxidant sinks is critical. The most obvious "sinkn for an oxidant produced at 
the martian surface is simple thermal decomposition. The thermal decomposition lifetime 
7th and activation energy AE of the active agent in the Viking LR experiment may be 
very crudely calculated on the basis of that experiment's thermal sensitivity (14); one 
finds 7th ~3 lo5 - 10' yr, and AE = 35-43 kcal mole-', which may be compared to AE 
for H202 of 48 kcal mole-'. Given the high diffusion rates previously found, a lo5 - lo7 
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yr lifetime provides no useful constraint for oxidant diffusion. 
The most important sink for diffusing oxidants is the potential mineralogical sink 

of the martian regolith. In chondritic meteorites, only the element iron is typically not 
already in its highest oxidation state (15). Elemental analysis of martian fines (16) indi- 
cates that the regolith is -13% Fe by weight. Thus an upper limit to the mineralogical 
sink of the regolith is given by assuming all Fe present was initially available as FeO to be 
oxidized to Fe20s. One then finds a potential Fe sink [Felw 1o2l equivalent 0 2  molecules 
~ m - ~ .  With this sink, the oxidant flux Fo cited above would oxidize -100 m of regolth 
in -100 Myr. This is a lower limit to the depth of oxidation, as much of the Fe may 
be sequestered and unavailable to the diffusing oxidants. Other possible regolith sinks 
prove to be unimportant compared to the potential iron sink. Possible initial concentra- 
tions of organics, whether calculated via lunar extrapolation or in situ production in a 
hypothesized earth-analogous atmosphere, are < lo-' [Fe]. Similarly, the Viking GEx 
experiment, interpreted as providing a measure of oxidants adsorbed in the regolith, yields - 10'' O2 ~ m - ~ ,  << [Fe]. 

However, freezing of the diffusing oxidants may significantly curtail their penetra- 
tion into the regolith. Quantifying the importance of this effect requires a vapor pres- 
sure/temperature relation, so that a definite choice of candidate oxidant must be made. 
Taking H202 a prototype, and given the above values for D, f and F,, we find that 
H202  will reach its equilibrium vapor density over H202 ice in t f, e upper -10 cm of the 
regolith, where it will begin to freeze out. Below this depth, diffusion is subject to the 
upper boundary condition that H202  number density at the top of the regolith equals its 
vapor density no. It is then not difficult to show that the depth to the unoxidized layer 
in the regolith after diffusion for time t is given by l(t) w d 2  f n , ~ t / [ ~ e ] ) ,  so that, in the 
-3.5 Gyr since the onset of the current oxidizing regime on Mars, the regolith has been 
oxidized to a depth -70 m. Freezing-out of the oxidant in the upper regolith may be the 
dominant process retarding its downward diffusion. 

Thus the martian regolith is probably oxidized to depths -10-100 m. It is unlikely 
that planned Mars landers will be able to drill well below -1 m. However, subsurface ice 
models indicate that H 2 0  ice on Mars is stable to within -1 m of the surface poleward 
of -60" over 3.5 Gyr (7), and ice in a martian permafrost may seal regolith pores and 
prevent oxidant diffusion. The situation is complicated, however, by cratering. 3.5 Gyr- 
old lunar maria are saturation cratered to -5 m depth (17), and martian impactor fluxes 
are believed to be similar (18). Therefore, smallscale cratering has probably destroyed 
ice to a depth -5 m at least once in the past 3.5 Gyr. To sample unoxidized martian 
material, future M&s landers should investigate high southern latitudes (where the terrain 
is ancient, and where there is stable shallow ground ice) and find a site where aeolian 
scouring or other processes appear to have eroded >5 m over the past 3.5 Gyr. 
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