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Introduction:  Lucus Planum, extending for a ra-

dius of approximately 500 km around 181°E, 5°S, is 
part of the Medusae Fossae Formation (MFF), a set of 
several discontinuous deposits of fine-grained, friable 
material straddling across the Martian highland-
lowland boundary. The MFF has been variously hy-
pothesized to consist of pyroclastic flows [1-3], pyro-
clastic airfall [4-6], paleopolar deposits [7], or atmos-
pherically-deposited icy dust driven by climate cycles 
[8]. A branching positive relief system within Lucus 
Planum was interpreted by [9] as an ancient fluvial 
system originating from seepage sapping, implying that 
Lucus Planum was volatile-rich. 

Parts of the MFF have been probed through radar 
sounding by MARSIS [10] and SHARAD [11], syn-
thetic-aperture, low-frequency radars carried respec-
tively by ESA's Mars Express and NASA's Mars Re-
connaissance Orbiter. They transmit low-frequency 
radar pulses that are capable of penetrating below the 
surface, and are reflected by any dielectric discontinui-
ty present in the subsurface. MARSIS is optimized for 
deep penetration, with a free-space range resolution of 
approximately 150 m, a footprint size of 10-20 km in 
the across-track direction ranges and 5-10 km in the 
along-track direction. SHARAD enjoys a tenfold better 
resolution, at the cost of reduced penetration. 

The dielectric permittivity of the MFF material, es-
timated from data of both radars [12-13], is consistent 
with either a substantial component of water ice or a 
low-density, ice-poor material. There is no evidence 
for internal layering in SHARAD data [13], despite the 
fact that layering at scales of tens of meters has been 
reported in many parts of the MFF [14]. This lack of 
detection can be the result of one or more factors, such 
as high interface roughness, low dielectric contrast 
between materials, or discontinuity of the layers. 

Method:  After more than 10 years of observations, 
MARSIS has acquired about 240 orbits across Lucus 
Planum, making it possible to map the presence and 
depth of subsurface interfaces to a much greater detail 
than in previous works. Radar echoes are affected by 
dispersion through the ionospheric plasma to an extent 
determined mostly by the local solar zenith angle and 
solar activity, but the resulting broadening and weaken-

ing of the echoes can be corrected for moderate values 
of the total electron content and the maximum plasma 
frequency [15]. Once re-focused, echoes are compared 
to simulations of surface radar scattering [16]. Any 
secondary echo visible in radargrams but not in simula-
tions is interpreted as caused by subsurface reflections 
(see Fig. 1). 

 
 

 
Fig. 1:  Comparison between a real (left) and a 

simulated (right) radargram for orbit 10262. A radar-
gram is a representation of radar echoes acquired con-
tinuously during the movement of the spacecraft as a 
grey-scale image, in which the horizontal dimension is 
distance along the ground track, the vertical dimension 
is the round trip time of the echo, and the brightness of 
the pixel is a function of the strength of the echo. The 
simulation reproduces echoes from surface topography 
only, while real data contain both surface and subsur-
face echoes. The red arrow point at weak subsurface 
reflections. 

 
 
Results:  The positions and strengths of subsurface 

echoes were extracted manually from radargrams and 
mapped across Lucus Planum, converting echo time 
delay to apparent depth (see Fig. 2). The strongest sub-
surface echoes, resulting from weak internal attenua-
tion, strong subsurface reflectivity, or both, are found 
within the deposits located NW of Apollinaris Patera, 
while no subsurface echoes could be detected in the 
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