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Introduction:  The polar regions of Mars have 

been the focus of attention for decades due to the sub-
stantial volatile-rich deposits that likely contain rec-
ords of variations in the Martian climate on timescales 
of years to 10s of millions of years. Subsurface radar 
sounding by the MARSIS (Mars Advanced Radar for 
Subsurface and Ionospheric Sounding) and SHARAD 
(Shallow Radar) instruments has allowed views inside 
the polar deposits that reveal their gross properties 
(volume, composition), details of internal structure 
(layer continuity, unconformities) and relationships to 
underlying and surrounding terrains. In this paper, we 
discuss the interpretation of new three-dimensional 
(3D) radar sounding image compilations of MARSIS 
data for both polar regions. 

Data sets:  MARSIS has been collecting subsur-
face sounding data since 2005. It operates simultane-
ously at 2 of 4 frequency bands (1.8, 3.0, 4.0 and 5.0 
MHz) with a 1 MHz bandwidth. The polar data sets 
consist of about 2000 orbits at each pole, taken in the 3 
higher frequency bands. Details of the compilation of 
the 3D radar imaging "volumes" are provided in [1]. 
Key features are: voxel (volume pixel) dimensions 1.5 
km x 1.5 km (horizontal) x 50 m (depth); depth correc-
tion is applied in the subsurface using a wave speed in 
pure water ice; overlapping echo frames from different 
orbits are averaged; empty voxels are filled with hori-
zontally applied nearest neighbor interpolation; vol-
umes are constructed for bands at 3, 4 and 5 MHz sep-
arately, and as combined products; slices are extracted 
for all vertical and horizontal planes in each volume 
for individual study and animations. 

Discussion:  In the north polar region, MARSIS 
detects the basal interface beneath the polar plateau 
(Planum Boreum) and the Olympia Undae sand sea. 
Both the upper ("NPLD") and lower ("basal") units of 
Planum Boreum are penetrated by MARSIS, unlike 
SHARAD, which is generally attenuated in the basal 
unit [see, e.g., 2]. Averaging of overlapping observa-
tions improves the detection of the basal interface be-
neath the basal unit, but in certain areas the interface is 
still not detected. Preliminary comparison of the depth-
corrected position of the basal interface beneath the 
basal unit with a surface based the extrapolated posi-
tion of the underlying Vastitas Borealis unit does not 
indicate a mismatch, suggesting that the basal unit 
wave speed is not significantly different than that of 

pure ice. When the 3D volumes at the 3 MARSIS fre-
quencies are combined as a color composite, frequen-
cy-dependent echo strengths are observed as color dif-
ferences on certain buried reflectors within the NPLD 
[Figure, top]. In some cases, contrary to expectations, 
deeper reflectors are brighter at higher frequencies, 
suggesting that a wavelength-scale resonance effect 
may control relative echo strength from sets of internal 
layers (also observed by SHARAD) [3]. 

In the south polar region, the 3D volumes provide 
new insights on both the deepest structure below the 
layered deposits of Planum Australe, and the distribu-
tion of widespread, presumably ice-rich Hesperian 
deposits of the Dorsa Argentea Formation (DAF) [4]. 
Analysis of early MARSIS data of Planum Australe [5] 
suggested the presence of discontinuous reflectors at 
surprisingly great depths, as much as 1 km beneath the 
generally planar basal interface. These deeper reflec-
tors are well-delineated in the 3D volumes; some are 
detected strongly only in the lowest frequency (3 
MHz) of the studied bands [Figure, bottom]. Many 
deep reflectors are associated with the Cavi Angusti 
"pitted" terrain, which implies that intervals of debris 
deposition and erosion occurred prior to the deposition 
of the Planum Boreum SPLD. As in the NPLD, many 
of the continuous internal SPLD reflectors show fre-
quency-dependent brightness patterns. The distribution 
of reflectors within the Dorsa Argentea Formation is 
well-captured in the 3D volumes. Multiple occurrences 
of quasi-circular "basins" with reflective floors are 
seen across the DAF unit. The relationship of these 
reflective features with surface topography and mor-
phology will help determine the origin and significance 
of these ancient, potentially ice-rich sedimentary de-
posits. 
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Top: 2D horizontal slice through the MARSIS radar 3D image volume showing the interior of Planum Boreum. 
Colors are assigned to MARSIS frequency bands: red = 3 MHz, green = 4 MHz, blue = 5 MHz. Frequency-
dependent echo strength is shown by color variations of internal NPLD layers (right and below center) and in the 
subsurface of Olympia Undae (top). 
 
Bottom: Vertical slice through 3D volume of Planum Australe (south polar plateau). Arrows indicate reflectors up to 
1 km deeper than the bright “basal” reflector seen to the left and right. Note also the color variations among SPLD 
layers, suggesting resonance effects due to layer thickness and spacing. 
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