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Introduction:  Subsurface water on Mars has been 

subject to several hypothesis and debates as it has im-
portant implications on the hydrogeologic and climatic 
evolution of Mars.  To assess its potential distribution 
and state in the fractured Martian subsurface, two low-
frequency radar sounders (MARSIS and SHARAD) are 
currently probing the Martian upper crust exploring 
dielectric evidence for presence of subsurface water 
and ice. However, the identification of volatiles signa-
tures in the radar data is constrained by our understand-
ing of both dielectric and scattering losses mechanisms 
that are generated by the dielectric complexity and 
heterogeneity of the Martian subsurface. Although 
some ground penetrating radar (GPR) investigations 
have been carried out on Mars analog volcanic terrains 
[1,2], low-frequency radar sounding on Mars analog 
frozen terrains (like permafrost) remain poorly investi-
gated.  

. To address this issue, we conducted wide-band 
GPR investigations and Electrical Resistivity Tomo-
graphy (ERT)  survey on a permafrost terrain, at the 
Vault Creek site located ~20 km North of Fairbanks 
(Alaska, USA). The site includes a 40 m deep mining 
tunnel, which allows validating the subsurface compo-
sition and the different geologic interfaces as inferred 
from the radar echoes. The area shows several geo-
morphological and geophysical analogies to recently 
observed terrains in the high and mid-latitudes on Mars 
(e.g. permafrost, ground polygons [3] and pingoos [4]). 
The GPR surveys were performed at four central fre-
quencies along the same profile in order to monitor the 
attenuation mechanisms over the 40 - 1100 MHz fre-
quency band. The obtained data set provided an insight 
into characterizing and quantifying the different fre-
quency-dependant loss mechanisms (mainly scattering 
and dielectric attenuation) that occur on the radar sig-
nal in permafrost.  

Site description and analogy:  Fairbanks is lo-
cated in the middle interior region of Alaska (USA), 
approximately 200km northeast of the Denali National 
Park. This region presents a subarctic climate which 
allows maintaining temperate permafrost all year long 
with an active layer (i.e. a layer which is unfrozen dur-
ing the summer season) in the upper one to two meters 
of the ground. The survey was conducted in March 

2008 when the ground, including the active layer, was 
totally frozen.  

Study the different processes that occur in the terre-
strial permafrost (periglacial regions) is of a great in-
terest for the understanding of the physical processes 
and the water distribution in the Martian subsurface. In 
this context, several regions have been selected as ter-
restrial analog to Martian subsurface [5].  

Alaska presents several landforms and polar 
processes (permafrost, glaciers, polygonal terrains, 
pingos...) which have been recognized as terrestrial 
analogs to similar landforms on Mars [5,6].  

Methodology :  . In order to probe the subsurface 
with a wide frequency band (to be able to compare 
with current and potential future Martian GPR, the 
radar unit was operated with four different central fre-
quencies antennas: 40 MHz, 270 MHz, 400 MHz and 
900 MHz. The ERT survey were conducted along the 
same profile, providing valuable information on sub-
surface resistivity for interpretation of the radar data. 
The resisitivity sounding was operated with the Wen-
ner electrode configuration, which provides good hori-
zontal resolution. 

Results:  To study the different loss phenomena, we 
analysed the frequency content of the same radar frame 
(5 m after the beginning of the profile) for each of the 
four frequency GPR profiles. We first calculated the 
frequency content of the total losses derived from the 
decay of the amplitude of the signal versus time  (Fig-
ure 1).  

Then, considering the radar equation for the case of 
an infinite planar target in the Fresnel zone [1,7], we 
removed the geometric spreading and dielectric losses 
which allowed us  to quantify the losses caused by scat-
tering (Figure 2). We can thus quantify the scattering 
loss rate, which increases with frequency (as the wave-
length decreases, the signal will be affected by smaller 
subsurface heterogeneities). Indeed, the loss rate at 50 
MHz is  ~ -5dB/m whereas at 250 MHz, the loss rate is  
~ -7dB/m.  

These results provide insights into the potential  
losses and loss mechanisms that may be encountered 
on Mars during radar surveys of frozen terrains, which 
may, in turn, provide information on the scale and de-
gree of subsurface heterogeneity. 
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Figure 1: 270 MHz antenna Amplitude vs. time decay (a) and the power spectral density of the signal (b). The spectrogram of the 
total losses (c) shows a decrease of losses with the frequency decrease. We use a velocity of 0.13m/ns (average radar wave veloci-
ty in a permafrost) to convert time to depth.   

a)    

b)    

c)    

Figure 2: Spectrogram of the scattering losses for the 270 MHz antenna sounding. We applied the radar equation for the case of 
an infinite planar target in the Fresnel zone in order to remove the geometric spreading and the dielectric losses. The 
residual losses are attributed to the scattering phenomena.     
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