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Introduction: The extensive Medusae Fossae 

Formation (MFF) along the dichotomy boundary on 
Mars has geologic features of low-density material 
undergoing wind erosion. There is evidence from 
various investigations suggesting possible water ice 
content, but with considerable uncertainty linked to the 
porosity and compaction behavior of the “dry” matrix 
[1,2]. We combine the larger set of SHARAD 
observations collected since [2] with a multi-band 
processing technique [3] to study variations in MFF 
physical properties with thickness. 

We apply the multi-band technique to four MFF 
areas: Zephyria Planum, Eumenides Dorsum, Amazonis 
Mensa, and a valley-filling unit between Amazonis 
Mensa and Gordii Dorsum. In the latter area the 
topography of the unit changes gradually enough for a 
study of the dependence of loss on thickness, defining a 
reference against which to compare other MFF units. 
We use a simple compaction model with plausible 
physical properties of the MFF to assess whether dry 
sediment alone could explain these changes with 
thickness. From these observations we assess the likely 
role of water ice across the study areas and discuss 
implications for its distribution and origin. 

Data Analysis:  We measure the depth-averaged 
loss tangent for the MFF through differences in 
SHARAD echoes within separate frequency bands. 
SHARAD transmits a radar signal that spans a 10-MHz 
bandwidth between 15 MHz and 25 MHz. The spread in 
frequency allows for compression of a long transmit 
signal to a finer vertical resolution: about 8 m in ice and 
5 m in dense rock. During ground processing any sub-
band of the full chirp range may be used to create the 
radargram (delay time versus along-track distance), 
with commensurate degradation of the vertical 
resolution. Differences in interface echo strength 
between radargrams from different sub-bands correlate 
with the loss tangent, tand, of the overlying material [3].  

For each relevant segment of a SHARAD 
radargram, we first trace the surface and subsurface 
interface locations in delay time, Dt, from the full-
bandwidth radargram (0.1 µs resolution). The two sub-
band images are formed by windowing the desired part 
of the received spectrum, leading to a vertical resolution 
of 0.2 µs, broadened by Hann windowing. After 
subtracting the thermal background noise, we tabulate 
the high- and low-frequency subsurface echoes for each 
radargram frame and calculate a loss tangent [3]. 
Combining all of the Dt-tand pairs for a given major 

deposit, we average the tand values in discrete delay 
cells. 

 

 
Fig. 1. Map of study locations in eastern MFF. Inset 
shows portion of Zephyria Planum in western MFF. 

 
Dielectric Properties: We analyze SHARAD 

observations of four areas of the MFF (Fig. 1). The first 
is a deposit on a northward-trending slope between 
Gordii Dorsum and Amazonis Mensa, which we term 
MFFGA. SHARAD observations of this target show an 
increase in round-trip time delay (and thus thickness) 
southeast from a contact with volcanic plains at the edge 
of Amazonis Planitia, and an effective real permittivity 
of ~3 [2]. We term this an “effective” value because it 
represents the integral over material from the surface to 
the reflector, and is thus affected by any compaction 
behavior with depth [4]. 

From SHARAD observations to date we identify 12 
tracks that cross the area and have sufficient signal-to-
noise ratio on the subsurface reflector to enable the 
multi-band technique. Data in 0.3-µs width bins with 
>60 samples for the collected frames range from 2.1 µs 
to 3.6 µs in delay. If the effective real dielectric constant 
is 3, then these delays correspond to a thickness range 
of 180 m to 310 m. Over this range the loss tangent 
increases by about a factor of three (Fig. 2). We also 
obtain a single well-populated bin at 4.8 µs from three 
closely spaced tracks over part of Eumenides Dorsum, 
and the tand value seems to confirm the upward trend 
with Dt noted for the MFFGA data. 
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Significantly different properties are observed for a 
deposit in northern Zephyria Planum, on the margin of 
a thick unit studied in [1] (“North Hill”). The effective 
real dielectric constant estimated by [1] is 2.9±0.4. A 
single delay bin at 5.6 µs (485 m at 𝜀"=3) contains a 
useful number of frames, with a corresponding average 
tand of 0.0006. If the MFFGA and Eumenides Dorsum 
data indicate a particular trend, the predicted value at 5.6 
µs would be 10-fold higher (Fig. 2), so there is clearly a 
different distribution of material properties with depth. 
A single track over part of Amazonis Mensa yields a 
loss tangent value of 0.0015 for 7.8-µs delay, again well 
off of the trend of the MFFGA and Eumenides data. 

 
Fig. 2. Logarithm of the loss tangent from multi-band 
processing [3] for the MFFGA (diamonds), Eumenides 
Dorsum (square), Zephyria Planum (triangle), and 
Amazonis Mensa (cross) units. Red line is the behavior 
of a self-compacting material with thickness. 
 
Modeling of Subsurface Properties: The loss tangent 
values presented above and by [3] form three general 
populations. The first comprises values between about 
0.01 and 0.02 typical of lava flows, sediments, and mid-
latitude mantling deposits. These values are not 
consistent with a large fraction of water ice over the full 
depth of the deposits, but there could be modest 
amounts either distributed within pores or concentrated 
in thin layers [3]. The second grouping includes the 
MFFGA and Eumenides Dorsum areas, for which the 
value of tand increases with delay time from values of 
0.001 to 0.005. Finally, we see values in the 0.001-0.002 
range that occur at Dt=6-8 µs for parts of Zephyria 
Planum and Amazonis Mensa. 

Clearly the MFF as a whole differs from the survey 
of other mid-latitude units and lava flows [3]. As a 
starting point, we ask whether a model that only 
involves compaction of a dry (containing no water ice) 
material could satisfy the delay dependence of tand for 
the MFFGA and Eumenides material. A simple 

compaction model expresses porosity with depth in a 
medium as:  

𝜙(𝑧) = 𝜙(exp	(−𝑧 𝐾⁄ ) 
where K is a scale parameter that captures the depth at 
which the porosity is about 36% of its starting value, fo. 
The dielectric properties of the mixed dry sediment and 
void space are taken from a model by [5]. We adopt 
values of 𝜀"=6 and tand=0.02 at some minimum “dense-
rock” porosity, consistent with measurements of 
terrestrial sedimentary rocks [6] and upper-end loss 
tangents for Mars equatorial deposits [3]. The solution 
for the apparent dielectric constant and loss tangent is 
derived by integrating the changing power loss and 
delay time over thickness. 

Based on these constitutive parameters, we can 
obtain a reasonable fit to the MFFGA data with a surface 
porosity of nearly 100% and a compression scale length 
of K~430 m (Fig. 2). High initial porosity is a requisite 
for the rapid change in average loss at these delays. 
While we cannot take the physical interpretation of fo 
and K or the assumption of a single exponential density 
function too far, our result does show that the dry MFF 
component could be similar in dielectric properties to 
sediment-fill or latitude-dependent mantling deposits 
elsewhere on Mars [3], but with a very different vertical 
density profile.  

It seems unlikely that other parts of the MFF could 
have a lower average density structure, or that the 
sediments vary spatially by an order of magnitude 
(down from 0.02 to 0.002) in dense-rock loss tangent. 
Given these constraints, we propose that the lower tand 
values, even at large round-trip delay, of the sites in 
Zephyria Planum and Amazonis Mensa reflect very 
low-loss material buried by the same type of dry, self-
compacting material seen at MFFGA and Eumenides 
Dorsum. Such low-loss subsurface material may 
represent remnant polar layered deposits that were 
insulated by later deposition, perhaps through 
pyroclastic volcanism, of the “dry” MFF component. 
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