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We propose an orbiting sounding radar mission ca-

pable of 3-D mapping of the Martian subsurface, thus 
revealing sedimentary layers, local water ice deposits, 
or other volatile materials that are crucial for landing 
site selection or in-situ resource utilization. The pro-
posed sounding radar would provide a global 3-D map 
of Martian subsurface at a resolution of 20 m in depth 
by 200-1000 m in horizontal direction.  

Currently, there are two planetary radar sounders 
orbiting Mars: Mars Advanced Radar for Subsurface 
and Ionospheric and Sounding (MARSIS) and SHAl-
low RADar (SHARAD). Both experiments have been 
very successful and exemplary for future radar sounder 
missions to icy objects like Europa and Ganymede.  
MARSIS, transmitting 1-5 MHz at 5 Watts, probes the 
crust at a 100 m vertical resolution.  Its maximum pro-
filing depth in ice has been limited only by the greatest 
ice thickness on Mars (Fig 1).  SHARAD uses a 20 
MHz center frequency at 20 Watts and reveals the fine-
scale layering in the polar deposits (Fig. 2) [2].   

Because both MARSIS and SHARAD are nadir 
looking radars, their surface coverage is limited by the 
low track density and instrument operation time.  The 
average separation between two nearby SHARAD 
tracks at latitudes above 80° is about 8 km, not dense 
enough for constructing a 3-D map.  The separation 
becomes wider at lower latitudes.     

On Earth, the first 3-D tomography of the Green-
land ice sheet has been demonstrated recently, using a 
data set acquired by an airborne radar sounder system 
operating at 150 MHz [3].  The system employed an 
array of antennas on the aircraft wings to identify both 
the cross-track (horizontal) distance and depth of the 
ice-bed interface. 

In the proposed orbiting sounding radar mission, 
we would use a single dipole antenna and acquire a 
necessary track density of approximately 2 km at an 
orbital altitude of 400 km during 2 years of operations.  
3-D map of Mars polar ice caps would provide detailed 
structure of the layered ice deposits as well as the basal 
topography. Unconformities and other discontinuities 
in the ice or ice-cemented sand deposits indicate ero-
sional events or changes in the wind regime.  Low-
latitude tomography could reveal sedimentary layers or 
local ice deposits, which would potentially provide 
evidence for Mars past aqueous environments.   

The radar would have a combined capability of 
MARSIS and SHARAD.  It would operate at a lower 
frequency (7 MHz) than SHARAD for deep penetra-

tion, but will have 5 times the vertical resolution (5 
MHz bandwidth) of MARSIS for the imaging of fine-
layered deposits and shallow features.  The instrument 
would be based on flight-proven MARSIS/SHARAD 
subsystems, requiring no new technology develop-
ment.  The spacecraft bus could be a small satellite 
platform capable of carrying about 17 kg of instrument 
payload and providing about 30 Watts DC power.  The 
instrument operation would be fully autonomous and 
data rate would be kept at a minimum of about 100 
kbps, using a MARSIS-type on-board processing algo-
rithm. 
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Figure 1. MARSIS radargram shows reflections 

from surface and basal layers at 2.5 km depth. 

 
Figure 2.  SHARAD reveals fine layered-ice depos-

its in Mars South pole. 
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Fig. 3 First demonstration of 3D basal tomography 

of the Greenland ice sheet  
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