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Introduction:  The polar layered deposits of 
Mars are ice-rich, finely stratified materials that may 
provide information on the climate history of the 
planet. The deposits represent the largest observed 
reservoir of water on Mars, estimated to be 
equivalent to a global water layer 22-33 m thick [1]. 
The Mars Advanced Radar for Subsurface and 
Ionospheric Sounding (MARSIS) on the Mars 
Express orbiter obtained data over the North Polar 
Layered Deposits (NPLD)and found that they were 
easily penetrated to their base by the radar signal, and 
that the deposits must be nearly pure ice [2]. In 
addition, there was no evidence for deflection of the 
lower contact of the NPLD with the substrate, 
implying a thick elastic lithosphere beneath that 
sector of the NPLD. Here we report on new MARSIS 
observations of the South Polar Layered Deposits 
(SPLD). 

MARSIS Instrument and Data:  MARSIS is a 
multi-frequency synthetic aperture orbital sounding 
radar. In its subsurface modes, MARSIS operates in 
four frequency bands between 1.3 and 5.5 MHz, with 
a 1 MHz instantaneous bandwidth that provides free-
space range resolution of approximately 150 m. 
Lateral spatial resolution for the cross-track footprint 
is 10-30 km, and for the along-track footprint, 
narrowed by onboard synthetic aperture processing, 
5-10 km. Observations of the SPLD began in early 
November 2005 and are continuing. As the orbit of 
Mars Express precesses, the latitude of periapsis and 
the illumination conditions are nearly optimal for 
observations of the highest southern latitudes. As of 
early January 2005, MARSIS has acquired over 100 
successful sounding observations of the SPLD, and 

several hundred more are expected, which should 
provide nearly complete coverage of the unit. All 4 
MARSIS subsurface frequency bands have been 
used. Most observations were made with two bands 
simultaneously. In addition to the nominal onboard-
processed spectra, raw echoes were recorded and 
downlinked for selected segments of a number of 
orbits. 

Observations:  The radar echoes from the surface 
of the SPLD are typically comparable in strength or 
weaker than those from surrounding smooth Mars 
surfaces. The signals clearly penetrate deep into the 
deposits at all frequency bands. In most cases, a 
strong reflection is seen at a time delay consistent 
with the expected depth of the contact of the SPLD 
materials with the substrate, as observed on the 
NPLD [2]. Over the highest elevation SPLD surfaces, 
near 0° longitude, the estimated depth to the lower 
interface is about 3 km. In some areas, the lower 
interface is not clearly detected. Multiple internal 
interfaces are common. These can be quite 
continuous, over several 100 km in many cases. 
Some internal interfaces are substantially brighter 
than others, and some differences are seen in the 
apparent internal structure at different MARSIS 
frequencies. Certain regions observed multiple times 
consistently show a strong local brightening of the 
echo from the lower interface. Many areas show a 
gradual, rather than abrupt, decline in echo strength 
at time delays beyond the lower interface. Thin 
layered units off the main SPLD are also penetrated 
by MARSIS, with a second interface detected at their 
lower boundaries. 
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Preliminary interpretations:  The deep lower 
interfaces are interpreted as the base of the ice-rich 
SPLD unit, in contact with a relatively ice-poor 
substrate. As in the case of the NPLD, the strong 
reflection from the lower interface implies very low 
loss and indicates that the bulk of the SPLD material 
is likely to be fairly pure ice, with dust fractions of 
probably only a few percent. The detection of internal 
layering clearly implies contrasts in electrical 
properties, but it is not known whether these are due 
to compositional, density, textural or other 
differences in the layers. Apparent differences in 
internal structure seen at different MARSIS 
frequencies suggests that some wave interference 
effects may be occurring within the volume of the 
layers, and/or that multiple fine layers may coalesce 
into a single observed layer, depending on the radar 
frequency. The internal layering appears disrupted in 
certain places, which may be the effect of draping 
over buried topography, or of post-depositional 
modification by flow, thermal or impact processes. 
The MARSIS data of the SPLD will provide the 
opportunity to estimate the three-dimensional shape 
of the deposit. This should allow for a new estimate 
of the water inventory of the SPLD, as well as further 
examination of effects of the overburden on the 
martian lithosphere. We also plan to search for 
correlations between the MARSIS-observed internal 
layering and that exposed at SPLD troughs and 
margins. 
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