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At low obliquity the polar regions receive less annual insolation and can reach a point where the total CO2 sublimation at the pole becomes less than the total condensation – forming a perennial CO2 ice polar cap. Below this critical obliquity the mass of the CO2 polar cap(s) increases at the expense of the atmosphere, potentially leading to atmospheric “collapse”.  Recent radar evidence for a massive buried deposit of CO2 ice within the south polar layered deposits presented by Phillips et al. [2011] has bolstered the case for this scenario.  An important consequence of this pressure drop is that it can cause a significant decrease in the thermal conductivity of uncemented porous regolith materials [Presley and Christensen (1997)]. This effect, which has not been considered previously in studies of Mars’ climate, can lead to increased subsurface temperatures as the planetary heat flow becomes trapped below a more insulating upper layer [Wood and Griffiths (2009, 2012)]. The degree of subsurface warming depends strongly on the minimum atmospheric pressure reached, as well as the assumed heat flow, but has the potential to produce episodic liquid water by melting deep ground ice or dewatering hydrated minerals. At the very least, this effect would cause the loss or vertical redistribution of as much as 5000 kg/m2 of ground ice (or ~25 m of 20%-porosity-filling ice) during each low obliquity period.  However, changes in the vertical distribution of ice or hydrated minerals will also cause significant changes in the thermal conductivity profile and therefore the temperature profile.  And detailed analysis of these interdependent and co-evolving effects requires a model capable of predicting the thermal conductivity of regolith as a function of temperature, pressure, and ice content.  We have recently developed such a model [Wood (2011, 2012)] and will present new self-consistent simulations of the subsurface effects of decreased atmospheric pressure at low obliquity.
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