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Formation of oxidants in Martian and lunar regolith. Tribochemical approach. A. Tsapin, Jet Propulsion laboratory, California Institute of Technology, 4800 Oak Grove Dr., Pasadena, CA 91109.  tsapin@jpl.nasa.gov 
We propose to study chemical transformations in systems simulating Martian soil and atmospheric conditions, induced by a combination of continuous friction, dryness, and electrization by friction. The hypothesis behind these studies considers “tribo-electro-chemical” processes as one of several factors determining the evolution and current composition of Martian atmosphere and soil. These processes contribute to the surface weathering of soil and impact the kinetics of methane degradation in Martian atmosphere. It is a common belief that Mars was initially warmer and wetter during its first billion or so years of existence, and has remained a dry and cold place as the atmosphere degraded to its current state (7 Torr of pressure, with primarily composition consisting of CO2). Under dry Martian conditions we can expect that mechanochemical processes (tribochemistry) could play a significant role in shaping composition of the upper layer of Martian soil. Continuous agitation over geologic time, by impacts, planet wide dust storms and other atmospheric effects such as dust devils provided a pathway for effective mixing and close contacts between soil particles, resulting in solid-phase and solid-gas heterogeneous reactions that shaped the current composition of both the soil and atmosphere of the planet. As we showed in our work on Exobiology project Martian oxidant, that was awarded in the beginning of 2009, there is a possibility that mixing iron oxides, which are ubiquitous on Martian surface, with perchlorate that was inferred from  MECA data during Phoenix mission in 2008, leads to the formation of higher oxidation-state of iron, such as ferrate(VI). We previously have shown [1] that the presence of Fe(VI) in Martian soil can explain the results of Viking mission, and Fe(VI) is one of the most intriguing candidates on the role of Martian oxidants inferred from experiments during Viking mission. 

Besides tribochemical processes the dry and cold Martian environment is favorable to the appearance of electrically charged particles. At Martian pressures, the voltage necessary to spark a discharge over 1 mm in Martian atmosphere is on the order of 400V, which corresponds to a net charge on a dust particle of  40 picoCoulomb (C). The latter value is easily achieved in triboelectric systems.

We have demonstrated that the issues with the  Phoenix sample delivery system encounter can be readily explained by clumping of soil particles due to charge accumulation during sample collection and delivery by mechanical arm although other possibilities exist, including adhesion due to the presence of hydrated minerals. Additionally, the identification of triboelectical discharges in dust devils on Earth, and the likelihood of these same effects occurring more frequently, and with higher intensity on Mars, make chemical and mineralogical evolution due to trbioelectical discharges a relevant phenomenon to explore.

Tribochemical and electrochemical processes on Martian surface may result in the formation of oxidants in Martian soil through high energy electrical discharge. After these particles are lifted to the atmosphere they can be responsible for oxidation of any reduced components in Martian atmosphere. Taken together, tribochemical and electrochemical processes on Martian surface may result in generating strongly oxidizing and at the same time highly electrically charged and catalytically active particles of soil dust that may substantially affect the composition of Martian atmosphere.  In this project we will concentrate on one important example of the evolution of methane as one of essential for Astrobiology component of Martian atmosphere. 

The problem of methane in Martian atmosphere is long-debated. Recent publications by Mumma et al. were able to prove that not only there is methane in Martian atmosphere, but also that the methane distribution is not spatially and temporarily uniform. Even more striking was the conclusion that methane disappeared much faster than any atmospheric models predicted.  Instead of commonly expected half-life of methane residence in Martian atmosphere of the order of 200 to 300 years, Mumma et al. data imply that methane turnover is much faster, with a half-life of two orders of magnitude shorter, one to two years only  

We suggest that conditions on Martian surface are favorable for the formation of oxidants. Under extremely dry Martian conditions these oxidants can be lifted into the atmosphere by winds and dust devils. Methane will be efficiently oxidized by such oxidants. However, we suspect the existence of even more effective route by which methane conversion may occur at high rate due to a combination of electrical discharge with solid-phase oxidant in Martian soil and airborne dust and catalysis by other components of the same soil. 
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