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ABSTRACT
Ice on Mars takes many forms, but the polar ice caps are the most apparent and voluminous, containing enough
water ice to form a global water layer 20 meters thick. Enigmatic features within the polar ice have eluded our
understanding for decades. Increasingly higher-resolution imagery has allowed us to study the surface in great
detail and observe seasonal processes; however, these appeared to be disconnected from the major landforms. In
the middle latitudes of Mars, many features exhibit morphologies consistent with glacial flow, yet they exist where
ice is not currently stable at the surface, and no ice is exposed. This could imply a drastic change of climate,
essentially requiring atmospheric precipitation and accumulation of ice at the surface. With the advent of radar
sounding from orbit, we have been able to peer into the subsurface and evaluate the composition and internal
structure of these deposits, enabling us to test longstanding hypotheses regarding their origin. The SHARAD radar
on Mars Reconnaissance Orbiter has yielded critical stratigraphic clues pointing to aeolian origins for the spiral
troughs and Chasma Boreale. In the middle latitudes, we have confirmed a glacial origin of the viscous flow
features. In nearly every case, realizing the full potential of the radar data requires the addition of high-resolution
observations of currently active surface processes and atmospheric modeling driven by variations in Mars' orbital
parameters. By doing so, we are able to provide new constraints on the mechanisms and rates of processes
governing these volatile rich deposits, and hence a better understanding of paleoclimate on Mars.
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