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Abstract

Studies of granular media processes and the resulting periglacial landforms in terrestrial arctic cold regions are motivated by the need to reduce the effects of natural hazards, develop natural resources, and support development of human infrastructure and mobility systems. Similar motivations exist to understand lunar and planetary regolith to plan and conduct surface activities on the Moon and Mars. Water as ice and the generally dry climate differentiate terrestrial arctic cold regions, as well as lunar and planetary surfaces, from temperate terrestrial regions. As a consequence, the ice content and its distribution within granular surface materials, which can vary from 0% to over-saturated, determine the extent to which their mechanical and physical properties are controlled by mineral grain contacts or ice properties. In the arctic, and in the Mars polar regions, a large amount of the granular materials are fine-grained eolian deposits that can have complex low-density structures that are susceptible to sudden collapse failure when overstressed or wetted. Water transport by sublimation and condensation directly from vapor to solid are common and important processes in the arctic and they are the dominant processes on the Moon and Mars. Temperature cycling produces patterned ground in the high latitude regions of both the Earth and Mars, although the mechanisms of formation may differ. When ice-rich granular media thaw, grain contact strength can be significantly reduced through the loss of ice bonding strength and wetting, which can dissolve bonding agents (e.g., salts or carbonates). Variation of ice distribution, granular media microstructure and bonding produce a heterogeneous material that complicates behavior. The combined influences of microstructure, micromechanical processes, ice, sublimation/condensation, heterogeneity, and processes unique to lunar and planetary surfaces (vacuum or low atmospheric pressure, low gravity, and extreme cold temperatures) cannot be adequately described using lumped continuum models. Terrestrial experience indicates that developing robust solutions to problems that arise from cold regions granular media processes requires a physical approach using combined process-based experiments and physics-based models to identify the important controlling physics.

