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Project Summary 
This project reports on progress from a 2008-2009 NAI DDF award entitled “Volcanic SO2, atmospheric photochemistry, and climate on early Mars,” as well as other Mars-related work.

During the period of performance, VPL investigators have developed a new photochemical model for modern and ancient Mars, investigated the effects of sulfate aerosols on the early Martian climate, proposed novel mechanisms for warming early Mars using nitrogen oxides, investigated the formation and diagenesis of Martian perchlorate, and completed an astrobiological summary of the MER landing sites.

Project Progress (Accomplishments)

NAI DDF award “Volcanic SO2, atmospheric photochemistry, and climate on early Mars”
We have investigated if SO2 gas could warm early Mars as suggested by Halevy et al. (2007).  While SO2 is undoubtedly a good greenhouse gas, we have shown that high concentrations of SO2 will inevitably lead to sulfate aerosol formation, which cools the climate (Claire, 2009, Tian et al, 2009).  We proposed a novel mechanism for warming early Mars via visible absorption by NO2 gas, which reduces the planetary albedo of a thick CO2 atmosphere. The NO2 hypothesis (Kasting et al, 2009) is sensitive to uncertain rainout/deposition rates that remain under active investigation.
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This DDF award enabled value-added science in support of Phoenix Lander’s surprising discovery of perchlorate in Martian polar soils. Chile’s Atacama Desert is Earth’s only region where natural perchlorate is produced in high abundance, but its formation was unexplained.  We have provided the first photochemical model justification for the atmospheric production of perchlorate (Catling et al. 2009.), by enhancing our photochemical model to include chlorine chemistry. A proposal to apply this work to Mars is pending.  We also enhanced the FREZCHEM cold temperature chemistry model to include perchlorate salts, which helps constrain Martian soil mineralogy and provides a testable means to discriminate between formation by evaporation versus freezing, as these processes lead to differing patterns of K, Na, and Mg perchlorate salts (Marion et al. 2009.)
Additional Mars Science

Zahnle et al. (2008) describe a new photochemistry code that reproduces the modern Mars atmosphere, but is the first to use boundary conditions that can be self-consistently applied to ancient Mars. Applied to a hypothetical cold dry ancient Mars, the model predicted that CO2 is not necessarily stable with respect to photochemical conversion to CO, providing testable hypotheses for future Mars exploration.

Des Marais et al (2008) discuss fundamental attributes and requirements of life on Earth, the regional and global characteristics of Mars that constrain habitability, and the characteristics of two regions explored in detail by the Mars Exploration Rovers.  It discusses the potential for life on Mars and informs futures searches for evidence of present or past life.
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