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Abstract:  Recent evidence from Mars indicates that water and/or other fluids have modified the regolith, both in the distant and the recent geologic past.  Evidences include valley networks with branching tributaries, cataclysmic outflow channels, and small gulleys seen down canyon walls.  The latter are seen to emerge from a common layer of outcrops, indicating possible subsurface liquid flow.  Modeling and analysis of the Martian water cycle predicts that water circulates globally through the regolith.  The existence of underground caverns with liquid water has also been inferred by some researchers.  As a result, it is highly probable that subsurface modification of the regolith by liquid water has occurred over geologic timescales, and this may produce analogs to terrestrial features such as karst-like formations with cracked bearing rocks and subsurface cavities which ultimately lead to sinkhole formation.
On earth, the process of sinkhole formation involves the dissolution of subsurface limestone materials due to natural karst geological conditions. It is a dynamic interaction process linking surface and groundwater movements. The initial subsurface cavities are formed when the groundwater flows through the cracked limestone and continuously erodes the voids. These cavities are exposed to the changes in the water table levels and may become unstable under severe changes of groundwater conditions. Sinkholes are caused by the failure of the surface of these cavities and may develop progressively over time as subtle surface depressions or may collapse suddenly and catastrophically into steep, water-filled craters. The shape and speed of formation is related to the size of the cavity and the thickness of the overburden materials.
Furthermore, future human activity on Mars could possibly induce a weakening of the regolith by several mechanisms.  For example, the introduction of a heat source, either subsurface in the case of a water well, or at the surface in the case of a power generating station or other exploration hardware, may induce the long-term volatilization and diffusive escape of water ice and dry ice from the surrounding region.  It is also likely that human interaction with the surface of Mars may encounter areas where the surface has very low bearing capacity due either to subsurface cavities, sinkholes that may grow or a weakened regolith due to weathering and erosion. The mass of spacecraft and other hardware to be emplaced on Mars in support of human-tended missions is much greater than during the robotic programs, and so these issues need to be addressed to ensure the safety of the crew and the success of the missions.
