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Introduction: A great effort has been made to un-
derstand the structure and composition of the Martian 
polar caps, as they are thought to hold crucial informa-
tion on the climatic history and the hydrologic cycle of 
Mars. Most of what we know about the polar caps 
comes from observing surface properties and remote 
sensing of the upper few meters of these terrains. What 
is known about the interior of the caps, however, comes 
from modeling and extrapolating observations of their 
troughs and edges. Radar sounding offers the capability 
of filling in this observational gap. The MARSIS radar 
is now safely in orbit on Mars Express and the 
SHARAD radar is slated for the next launch window on 
Mars Reconnaissance Orbiter. Significant effort is being 
made to assess radar interaction with different Martian 
geologic units [1,2]. Some of the main radar science 
goals for the polar regions are determining the ice dis-
tribution with depth, the existence of subsurface liquid 
water, and the structure of the layered terrains. Here we 
concentrate on the last of these topics by investigating 
the propagation of a SHARAD-like signal through a 
dielectric model of the Polar Layered Terrains. 

Polar Layered Terrains (PLT): These layered 
units are stratigraphically beneath the residual cap and 
seasonal frost deposits in both hemispheres [3]. They 
consist of layers of varying thickness and albedo that 
are largely horizontal and are likely composed of water 
ice and dust [3,4]. Significant differences in 
morphology exist between the northern and southern 
polar units [5], which must be treated separately. Here, 
the nothern layered terrain is the reference. 

The northern PLT displays two distinct units, and 
the boundary between the two is sharp and largely 
constant in elevation (~ –4.3 km from datum) [5,6,7]. 
The upper unit is relatively bright and has smooth 
outcrops; its layers are thin (~30 ± 15 m) and laterally 
uniform for hundreds of kilometers. Variations in al-
bedo from layer to layer are probably due, in part, to 
different amounts of solid particulate inclusions [3,4]. 
These upper unit inclusions are commonly accepted as 
dust, consistent with the relatively high albedo, with the 
lack of dunes in the polar troughs, and with the ob-
served wind-blown dust streaks originating from the 
polar troughs [7]. The dust fraction in the ice is difficult 
to constrain because estimates of it largely depend on 
the ice grain size and the albedo of the dust itself. Dust 
fraction estimates vary from <0.1% to as high as 30%, 
with the lower values usually preferred [4].  

The lower unit is darker and has rough, platy out-
crops, showing layers of different mechanical compe-

tence [6,7]. The vertical and lateral expression of these 
layers is less uniform than those of the upper unit, and 
debris flow from these layers is observed to be the 
probable source of materials for the polar sand dunes, 
which have andesitic spectral signature [6,7]. Hence, 
the composition of the lower unit is possibly a combina-
tion of sand and cementing ice. It has been speculated 
[6]  that this unit is a paleo-erg with pore space as low 
as 50%, but the different mechanical properties of each 
layer in this unit probably reflect a variation in 
composition. 

Dielectric and Propagation Models:  The bulk real 
dielectric constant of dry igneous materials varies by 
less than a factor of ~10 according to composition and 
is not strongly dependent on frequency, ranging from 
4.9 to 9.6 for anything from basalt to obsidian [8]. Simi-
lar behavior of bulk material is reported from lunar 
sample studies [9]. Conversely, the electrical loss tan-
gent (tanδ = εi/εr) for dry igneous rock is greatly de-
pendent on the composition, varying by 3 orders of 
magnitude or more according to FeO+TiO2 content. 
Here, we adopt two plausible sets of values for the di-
electric properties of dust or sand: a lower value based 
on various types of rock (ε = εr + εi = 5.4 + i 0.001) [8], 
and an upper value based on the average bulk composi-
tion and density of shergottites (ε = 8.8 + i 0.017) [10]. 
We also adopt a dielectric constant of 3.15 + i 2.2x10-4 
for pure ice [8], thus neglecting the effects of porosity. 

The center wavelength adopted for the SHARAD 
signal corresponds to ~ 6 m in dielectric material and is 
much larger than the sub- to millimetric size of dust and 
sand grains in general. Consequently, two-phase dielec-
tric mixing models such as deLoor and Tinga are appli-
cable in this case [8], with solid water ice as host and 
spherical dust/sand grains as inclusions. 

The layered model derives from the brightness (DN) 
depth profile from [11], Fig. 1. Average layer brightness 
decreases until reaching a roughly constant value at 
~250 m. This effect may be due to densification of ice 
or the coarsening of ice grain size with depth [4,12]. To 
maximize the variation of dust fraction from layer to 
layer, we use the upper 250 m of the brightness curve. 
Dust content is linearly scaled to the DN variation mi-
nus the darkening trend of DN, and the resulting lowest 
DN corresponds to a maximum dust fraction. This dust 
fraction pattern is then repeated to a depth of 2 km, 
mimicking a cyclic behavior. This is a rough approxi-
mation intended to produce the greatest contrast in di-
electric properties across the layers. 
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Finally, the calculation of the effective reflection 
coefficient for the layered model is in the frequency 
domain and follows the formulation of [13] for normal 
wave incidence on stratified media overlying a half-
space. The signal (center frequency of 20 MHz and 10 
MHz bandwidth) is demodulated and inverse-Fourier 
transformed into the time domain. 
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Fig. 1 – Close-up view of the upper section of a trough in the 
northern polar layered terrain (MOC M00-02100), right, and the 
averaged brightness profile of this section as a function of 
depth, left. Modified from [11]. 
 

Results: The deLoor and Tinga [8] two-phase mix-
ing models converge to the dielectric constant of the 
host material (ice) for inclusion volumetric fractions (νi) 
lower than 10-2, as shown for the two inclusion dielec-
tric constants in Fig.2. It is only for νi >10 % that the 
dielectric constant of the mix departs noticeably from 
that of the host material. Consequently, discerning the 
different layers is more likely at high νi values.  

Fig. 2 – Real and imaginary parts of the effective dielectric 
constant of a mix of ice (host) with dust or sand (inclusions), 
using plausible lower and higher values for the bulk dielectric 
constant of the inclusions. 
 

The layered model does indeed confirm this initial 
result. Fig. 3 shows the radar time histories (“radar-
grams”) for four different cases, including pure ice. 
Layering is detected when νi = 10%. The fine scale 
layering is smoothed out, as layer geometry is beyond 
the resolution of the radar. Reducing νi to 1% causes the 
signal from the layering to be mostly lost, as the dielec-
tric contrast is greatly reduced. Finally, the layering is 
not detected at νi = 0.1%, with only a slight broadening 
in the signal from the bedrock transition. These obser-
vations apply to both of the adopted inclusion dielectric 
constants. 

The main conclusion of this simple exercise is that 
the detection of the layering structure within the polar 
terrains may not be achievable if dust fractions are as 
low as those reported in the literature [2]. One excep-
tion is the two main units seen in the northern cap, 
which likely have different composition and ice content. 
We are currently investigating other contributions to the 
dielectric model of the polar layered terrains, such as 
densification of ice and liquid water films surrounding 
dust grains. We are also examining a greater number of 
MOC views of the layers to better estimate brightness 
variations. 
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Fig. 3 – Radargrams for the layered terrain model for varying 
values for the maximum dust fraction. Layers overlie bedrock 
(halfspace) and dust has ε = 8.8 + i 0.017. 
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