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Introduction:  Ground-penetrating radar (GPR) 

offers the exciting possibility of remote sensing below 
the Martian surface for trapped aquifers. A GPR is 
currently heading to Mars onboard Mars Express 
(MEX) and a GPR is in consideration to be onboard 
Mars Reconnaissance Orbiter (MRO) in 2005. While 
such orbital systems offer great potential for polar 
stratigraphy studies, their ability to penetrate deep into 
the Martian polar ice is a function of both the interven-
ing ionospheric density and the overlying ground ice 
conductivity. The influence of both signal-altering 
layers will be discussed.    

Polar Ice and Water: Clifford1,2 has suggested 
that the trapped basal lakes may form at the bottom of 
the polar cap, along the ice/regolith interface. Such 
deep aquifers form either due to insulation effects from 
the overlying ice, local geothermal hot spots, or fric-
tional heating from glacial sliding. Chasma Boreale 
and Australe have been suggested to be of possible 
fluvial origin3, formed by discharging from a past-
trapped aquifer within the cap. Basal lakes and deep 
ice cap melting may ultimately feed a deeper water 
table that ultimately supplies the cryosphere at lower 
latitudes2.  Evidence for this areal extended ice 
cryosphere has recently been obtained by the GRS 
experiment onboard Mars Odyssey4,5. Similar basal 
lakes have been found in Antarctica and allegorical 
discharging lakes are found in Iceland1,2.  

GPR Signal Propagation: In order for orbiting 
GPR’s to examine the polar subsurface for trapped 
aquifers, their radio signal must first propagate through 
the attenuating ionosphere. The operating frequency 
for the MEX/Mars Advanced Radar for Subsurface 
and Ionospheric Sounding (MARSIS) is 1-5 MHz with 
a transmitting power of 15 W. The ionospheric plasma 
frequency, fp, the blocking frequency below which the 
ionosphere is opaque, extends from about 3 MHz on 
the dayside of Mars but quickly drops to about ~300 
kHz just past (about 10o from) the terminator. Hence, 
to minimize the effect of the ionosphere, sounding the 
polar subsurface from orbit should occur when the 
overlying polar ionosphere is not illuminated by the 
sun. Ideal observation periods for MARSIS nighttime 
polar sounding will be displayed in the presentation.  

Besides the ionosphere, the overlying polar ice 
over a basal lake also attenuates GPR signals. It is 
demonstrated that the ability of the MARSIS 15 W 
transmitter to yield a detectable return signal (above 
the cosmic background level) from an aquifer located 

at depth, d, varies as d ~ k σ−1, where k is 0.01 S, for a 
MEX altitudes of  800 km and a transmission fre-
quency of 4 MHz. Consequently, if the polar ice has a 
consistency comparable to freshwater ice, with σ ~ 10-

3 S/m, a return signal from an aquifer is possible only 
in the first few meters of the cap. For depths > 10 m, 
the ice attenuates the signal (both incoming and outgo-
ing) to the extent that the reflected pulse cannot return 
to the receiver at strengths above the ambient back-
ground noise. In contrast, if the cap consistency is 
more like firm snow, with σ ~ 10-5 S/m, aquifer detec-
tion with a return signal above the noise level is possi-
ble to a depth of about 1 km. Clearly, the as-yet-
determined character and consistency of the overlying 
ice will have a significant impact on the successful 
detection of a polar aquifer.  

Future Concepts: There have been other proposed 
strategies for sounding the polar subsurface. During 
last year’s Scout Mission Opportunity, a multi-
institutional team proposed the Mars-POLAR Mont-
golfier balloon mission to perform a 30-60 day over-
flight of the north polar region at 4 km altitude. In-
cluded in the payload was a 3W Radio Beacon 
Sounder (RBS) that had the following advantages over 
their orbital counterparts: 

-Proximity to the source by a factor of 100 in-
creases the delivered signal strength to the ground by 
30 dB compared to orbital instruments. 

-Platform below the shielding, contaminating, and 
attenuating effects of the ionosphere.  

-Ease in deployment of large antenna via direct in-
tegration into the balloon, thereby reducing deploy-
ment mass and risks that plague orbital sounder an-
tenna deployments.  

The feasibility of aquifer detection for a balloon-
based system will be compared and contrasted to its 
orbital counterpart.  
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