Deformation of Soil and Regolith on the Moon and Mars: Implications of Cam Cap Models for Poorly Indurated Sedimentary Rocks on the Earth
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The response of granular and clay-rich soil, as well as poorly indurated sedimentary rock such as eolian sandstone, siltstone, nonwelded igneous pyroclastic tuff, airfall deposits, and carbonates, is well characterized by Cam cap models of elastic-plastic yielding. As load-bearing elements beneath e.g. foundations and at greater depth, these materials first deform elastically, then by localized yielding along shear bands. The Cam cap yield surface can be approximated by estimates of its cohesion, friction, water content, porosity, and average grain size; measurements of  some of these are available for the Pathfinder, Spirit, and Opportunity landing sites on Mars. 

The specific type of shear band formed depends on where the loading path intersects the Cam yield surface. At low values of confining pressure, dilation bands and dilation bands with shear offsets both can form. These bands have increased porosity within the band and localize frictional slip surfaces easily, so they can fail at relatively small strains to form faults (surfaces of Coulomb frictional sliding). At intermediate pressures, isochoric shear bands can form, which can also fault at modest additional strain. At larger confining pressures, the Cam cap is intersected, nucleating compaction bands with shear offsets, and finally compaction bands under hydrostatic loading conditions. Both of these band types have reduced packing, reduced porosity and permeability, and for host material having suitably large grain size and porosity, grain crushing, fragmentation, cataclasis, and strain hardening. Networks of compaction bands with shear form damage zones several m wide that later fail by localized faulting. 

The approach being used by UNR’s Geomechanics–Rock Fracture Group integrates field observation of shear bands in porous granular rock with laboratory testing of band localization in soils and rocks and with relevant theory. The stability and load-carrying capacity of Lunar and Martian near-surface materials can be predicted and understood by using these geotechnical methods calibrated where possible by in situ observations and measurements.
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