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Abstract Bright basal reflections from the Mars Advanced Radar for Subsurface and Ionosphere Sounding
(MARSIS) have been proposed to be consistent with permittivities characteristic of a wet material beneath the
south polar layered deposits (SPLD). The characterization of a recently formed impact crater highlight the
existence of a several meters thick ice‐poor layer associated to a unit blanketing a large portion of the SPLD.We
revise the radar propagation model used to invert the basal permittivity by including a surficial thin layer. We
find that the inverted basal permittivity is highly sensitive to the properties of such a layer, with solutions
ranging from common dry rocks to an unambiguously wet base. We advocate toward a better characterization of
the surficial cover to assess the wet or dry nature for the base, and possibly reconcile most of the literature on the
topic.

Plain Language Summary A localized bright radar reflection has been detected from the base of
the Southern Martian polar cap. This reflection has been attributed to salty water infiltrating the material
present beneath the ice. However, this result is not yet reconciled with other radar analyses and a debate has
emerged on how liquid brine could be sustained at Martian conditions. Recently a 5‐m thick layer of dust
blanketing the surface of the ice cap has been detected from a recent crater excavation. This layer would act
like a thin coating material that alters the apparent property of what is seen through a coated glass. At radar
wavelengths, it can significantly modify the basal composition inferred from radar echoes. The bulk property
of this layer is still unknown and a better characterization is necessary to inform the debate over a wet or dry
base below the ice cap.

1. Introduction
Anomalous, isolated bright basal reflections have been detected at Planum Australe, beneath the south polar
layered deposits (SPLD) of Mars by the Mars Advanced Radar for Subsurface and Ionosphere Sounding
(MARSIS) onboard the Mars Express spacecraft (Lauro et al., 2020; Orosei et al., 2018). There, the normalized
basal echo (Ψ), defined as the basal echo strength relative (Pss) to the surface echo strength (Ps), reaches
positive median values, that is, the buried interface is brighter than the surface. Under the assumption of signal
propagation through a homogeneous vertical column of 205 K SPLD ice with 10% dust content, Orosei
et al. (2018) derived a median real basal permittivity of 30, 33, 22 at 3, 4 and 5 MHz, respectively. The results
at 4 MHz are usually those considered for further investigation because they derived from a more statistically
representative set of measurements (Lauro et al., 2019, 2020; Orosei et al., 2018). Laboratory measurements
and dielectric models indicate that such high permittivity on Mars could only be reached in a mixture including
salty liquid water such as perchlorate brines (Mattei et al., 2022; Stillman et al., 2022). Frequency dispersion of
Ψ between the 3, 4, and 5 MHz MARSIS frequency bands argue for a loss tangent of the ice higher than
previously considered, leading to basal permittivity of ∼40 when attenuation is accounted for in the vertical
propagation model (Lauro et al., 2022).

The hypothesis of a wet basal material at the SPLD is not reconciled with current understanding of polar
geothermal state, however. Basal liquid water is thought to be unsustainable under the present‐day Martian
geothermal conditions, even with large amounts of salts that would depress the ice melting point (Sori &
Bramson, 2019). The southern highlands are inferred to have a low geothermal heat flux (Broquet et al., 2021;
Ojha et al., 2021) and thermophysical evolution modeling from the known composition of the SPLD does not
predict conditions for sustainable basal liquid water to be reached.
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All radar observations and analyses are not reconciled neither. Report of
ubiquitous bright basal returns through the SPLD in contrast with the spatially
confined early detection by Orosei et al. (2018), questions the sustainability of
basal liquid water if it were to be maintained across such scales (Khuller &
Plaut, 2021). A similar conceptual analysis from the 4‐MHz reflection
properties of the entire Martian surface, demonstrated that many currently
exposed volcanic terrains would be as bright as the SPLD basal detection, if
covered by a similar column of ice (Grima et al., 2022). An alternative hy-
pothesis relevant to the current study proposed that a structural setting from
alternations of thin layers of H2O, CO2 or possibly pure smectite, at the base
of the SPLD could produce bright echoes through constructive interference of
the radar signal (Lalich et al., 2021), although this was challenged by Orosei
et al. (2022) for not reproducing the full range of observed Ψ. Recent ad-
vancements into the structure near the surface at Planum Australe suggest that
a different vertical structure should be evaluated (M. Landis et al., 2024).

The bright basal reflector is located within the Aa2 geologic unit that extends
over the largest portion of Planum Australe (Kolb & Tanaka, 2006). The

profile and excavated material of two recently formed impact craters (<50 m diameter) in Aa2 suggest that a
relatively ice‐poor 5‐m‐thick layer covers a more ice‐rich material (M. Landis et al., 2024). One of these craters
(their crater B) lies about 160 km away from the bright basal reflector location. Its flat floor together with spotty
and transient water ice detected in its ejecta, suggest that the 5‐m excavation depth reached the transition to a
lower ice‐rich layer. The number of craters is not statistically representative, though, and the thickness lateral
variations of this upper ice‐poor layer is unknown. This layer is also consistent with the geologic interpretation of
Aa2 mantling the more eroded topography of the bulk of the SPLD ice (Aa1) (Kolb & Tanaka, 2006). The
widespread spatial extent of Aa2 strongly suggests that a several meters‐thick ice‐poor layer has to be taken into
account by radar propagation models over the largest portion of the SPLD. Noteworthy, this relatively thick
surficial layer is in contrast with in situ observations of a shallower ice table 5–18 cm deep at the Phoenix landing
site in the Northern plains (P. H. Smith et al., 2009), implying climate events and/or depositional processes
specific to Planum Australe.

In this study, we argue that the shallow transition from ice‐poor to ice‐rich material creates a coherent effect that
lower the surface echo strength (Mouginot et al., 2009), therefore enhancing the normalized basal echo power. We
take into account this Aa2 mantling unit into a 1‐D vertical propagation model presented in Section 2. We then
provide corresponding basal permittivity inversions for the Ψmeasured byMARSIS in Section 3. We conclude in
Section 4 with a discussion on how a spatially widespread thin slab of dust could reconcile most of the literature
regarding the composition of the material at the bright basal reflector.

2. Model
The 1‐D vertical structure we consider (Figure 1) can be seen as a generalization of the one considered by Orosei
et al. (2020) for a homogeneous column of ice covering a base of unknown property, except that we also vary the
Fresnel properties of the surface with the hypothesis of a thin slab at its top. The expression of Ψ is then identical
to the one used by Orosei et al. (2020) to invert the basal permittivity at nadir incidence:

Ψ =
Pss

Ps
=

R23
R12

T212A2 (1)

where the subscripts 1, 2 and 3 denote free space, the bulk SPLD ice and the base of the SPLD, respectively. A2 is
the 2‐way signal attenuation in the ice given by exp (− 2πfτ tan δ2) with f being the radar frequency, τ the one‐way
propagation time through the ice and tan δ2 the loss tangent characterizing the ice electromagnetic absorption.
Other variables in Equation 1 are the reflectance and transmittance at the surface (R12 and T12, respectively), and
the reflectance of the basal interface (R23). An interface bounded by two half‐infinite media of permittivity i and j
has it reflectance and transmittance derived from the Fresnel coefficients (Ulaby, 2014):

Figure 1. Considered structural setting. Subscripts 1, 2 and 3 refer to the
atmosphere, the bulk south polar layered deposits (SPLD) ice and the SPLD
bed, respectively. The subscript 2′ is for the mantling ice‐poor unit of
thickness d at the top of the SPLD.
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In Orosei et al. (2018), the inversion of the basal permittivity ɛ3 is done by using Equation 2 for R23, then deriving
ɛ3 from the assessment of Equation 1 with a measured Ψ, and making assumptions for the bulk ice properties ɛ2
and tan δ2.

Let's consider now that the surface is blanketed by a non‐absorbing slab of permittivity ɛ2′ and with a thickness
d on the order of the signal wavelength (λ). This scenario is known as a thin‐film configuration. The corre-
sponding effective Fresnel coefficients for such a surface can be derived from the Airy's formulation by summing
coherently the amplitudes of successive reflections and refractions within the thin film (Yeh, 1998):

R12 =
⃒
⃒
⃒
⃒

r12′ + r2′2e
− 2iϕ

1 + r12′r2′2e
− 2iϕ

⃒
⃒
⃒
⃒

2

and T12 =
⃒
⃒
⃒
⃒

t12′ t2′2e
− iϕ

1 + r12′r2′2e
− 2iϕ

⃒
⃒
⃒
⃒

2

(3)

At normal incidence, the phase difference ϕ = 2πd
̅̅̅̅̅
ε2

√
/λ. The particular case of the standard Fresnel coefficients

where there is no thin slab can be recovered from Equation 2 by setting d = 0 or ɛ2′ = ɛ2. It is worth noting that
Equation 2 satisfies the law of energy conservation R + T = 1, as obtained from the ratios of the Poynting power
flows on each side of the surface to that of the incident wave. Substituting Equation 3 into Equation 1 allows
evaluation of the various variables of our 1‐D vertical model as a function of the thin slab properties at the top of
the SPLD. The surface reflectance and transmittance are functions of the d/λ ratio, then varying through the
MARSIS bandwidth of 1 MHz. Similar coherent (or resonant) effects have been reported from surficial and
englacial layered structures at the North Polar layered deposits (NPLD) from multiband analysis of the 20‐MHz
Shallow Radar (SHARAD) data (B. A. Campbell & Morgan, 2018; Jawin et al., 2022; Jawin & Campbell, 2024).
In the rest of this study R12 and T12 are convolved across the full 1‐MHz MARSIS bandwidth with a synthetic
linear chirp in the same way as in Mouginot et al. (2009) for analyzing the coherent effect on the 4‐MHzMARSIS
signal at the South residual CO2 cap. Figure 2 illustrates the variation of the surface reflectance and transmittance
for a range of thin slab property at MARSIS’ 4‐MHz band.

3. Application and Results
In this section, we invert a field of solutions for the basal permittivity ɛ3 that matches the Ψ measured by
MARSIS. We use the model described in Section 2 for a range of slab properties. Our approach is to feed our
model with the parameters and assumptions used by Orosei et al. (2018) and Lauro et al. (2020) in deriving a basal
permittivity of 33 at 4 MHz without a surficial slab, so that our results can be directly benchmarked against their,
in the same way done by Grima et al. (2022).

MARSIS is a multi‐frequency radar sounder on board the European Space Agency Mars Express spacecraft
(Picardi et al., 2005). Its antenna transmits 1‐MHz linearly chirped signals with a duration of 250 μs and
centered at 1.8, 3, 4, and 5 MHz (167, 100, 75, and 60 m wavelength, respectively). Measurements for the
median of Ψ at the bright reflector are not explicitly reported by Orosei et al. (2018) but can be recovered from
digitization of their histograms in their figure S4. The cumulative sum of these histograms give
Ψ3MHz = 2.1 dB, Ψ4MHz = 2.5 dB, Ψ5MHz = 0.8 dB, indicating a basal return brighter than the surface. As noted
by Orosei et al. (2022) Ψ also has excursions above 5 dB at 4 MHz, but not exceeding 10 dB. The same values
are obtained by digitization of their Figure S5 in Supporting Information S1. The one‐way propagation time in
the ice is set to τ = 17 μs to match observations (Lauro et al., 2020; Orosei et al., 2018). The relative
permittivity used is ɛ2 = 3.4 (Lauro et al., 2020), nearly corresponding to a bulk ice with a volumetric impurity
rate of 10% (Plaut et al., 2007; Zuber et al., 2007), where the inclusions are derived from basaltic rocks. A loss
tangent value for the bulk ice can be recovered from injecting the above stated parameters into Equation 1,
giving tan δ2 = 0.0008 at 4 MHz.
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We now consider a thin slab mantling the surface. An indicative value for the thickness of the slab can be set to
5 m from the excavation depth at the site of crater B reported by M. Landis et al. (2024). This depth comes from
one local measurement about 160 km away from the bright reflector, however, and in the absence of global
understanding for its depositional and erosional mechanisms, spatial variations of this thickness is still unknown.
The range of slab thickness can be upper‐bounded by the Shallow Radar observations, though (Croci et al., 2011;
Seu et al., 2007). SHARAD has an enhanced vertical resolution thanks to its 10 MHz bandwidth. To our
knowledge, the SHARAD literature never reported the detection of a shallow interface that could be the base of
the Aa2 ice‐poor unit, suggesting its thickness is less than the SHARAD vertical resolution. The effective vertical
resolution of a chirp radar sounder is obtained after range compression of the signal and is given by
δr = αc/ (2B

̅̅̅
ε

√
), where c is the speed of light in vacuum, ɛ is the permittivity of the propagating medium, and α

is an apodization factor arising from signal windowing for side lobe reduction, given to be α = 1.6 for SHARAD
(Seu et al., 2007). For a maximum 2< ε′2 < 4, the vertical range resolution ranges from 12 to 17 m.

Figure 3 presents all the Ψ values from our model at 4 MHz as a function of the slab properties. Curves for all the
MARSIS frequency bands are also provided in Figure S1 in Supporting Information S1. While the initially
measured median value of 2.5 dB can easily be reached in our model, we also observe that solutions exist for
Ψ > 5 dB, a range corresponding to maximum values measured by Orosei et al. (2018). Figure 4 synthesizes the
basal permittivity solutions that matches the Ψ measured by Orosei et al. (2018) at each MARSIS frequency, and
as a function of the slab permittivity ɛ2′ and thickness d. If the dust cover has a lower permittivity than the un-
derlying ice, ε′2 < ε2, then the basal permittivity is systematically lower than previously predicted and could lie in a
wide range that starts as low as about 10 in the most favorable cases, a value that is more commonly found with
dry geologic materials such as igneous rocks. Conversely, the basal permittivity would rapidly increase compared
to previously predicted if the slab permittivity is greater than that of the bulk ice, a scenario that would strengthen
the uniqueness of a wet base hypothesis. The property of the slab, is then essential in discriminating between the
wet and the non‐wet nature of the basal bright reflector.

The permittivity for an ice‐poor regolith depends on its porosity and the permittivity of the dust grains. All are
ultimately dependent on depositional, ablation and compaction processes that are still not well understood at the
surface of the SPLD. for instance, Mie scattering modeling suggests that the lithic material deposited at the SPLD
has a larger grain size than typical airfall dust found elsewhere on the Martian surface, suggesting processes
preserving larger grains like aeolian erosion (M. Landis et al., 2024). As a possible analog, the dusty material at
the surface of medusae fossae formation (MFF) on Mars is thought to be a friable weathering product with a
permittivity estimated between 2 and 3 (B. A. Campbell, Watters, & Morgan, 2021). One can also attempt to
define a broad range of regolith permittivity from other regolith properties gathered at Mars. Our investigation
tool is the volume‐based Looyenga dielectric mixing rule that defines the permittivity of a mixture of ɛa and ɛb as
(Looyenga, 1965):

Figure 2. Surface reflectance and transmittance if overlaid by a thin slab of permittivity ɛ2′ and thickness d at a 4‐MHz center
frequency with a 1‐MHz bandwidth.

Geophysical Research Letters 10.1029/2024GL109085

GRIMA ET AL. 4 of 9

 19448007, 2024, 12, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2024G

L
109085 by C

ochrane France, W
iley O

nline L
ibrary on [13/12/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Figure 3. Expected Ψ for various set of basal apparent permittivity (ɛ3) and slab properties (ε′2, d) when the latter has a permittivity lower than the underlying bulk ice
( ε′2 < ε2) . All results are convolved over a 1‐MHz bandwidth with a 4‐MHz center frequency. The black line is the no‐slab solution. The horizontal dashed black line is
the median Ψ measured by Orosei et al. (2018).

Figure 4. Basal permittivity as a function of the slab properties at 4 MHz for a reportedly measured median for Ψ of 2.5 dB, respectively. All results are convolved over a
1‐MHz bandwidth. south polar layered deposits bulk ice is set to ɛ2 = 3.4 and tan δ2 = 0.0008.
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ε1/3 = β( ε1/3a − ε1/3b ) + ε1/3b (4)

where β is the volume fraction of ɛa in the total mixture. Then, the porosity of dry regolith as well as the
permittivity of its dust grain are sufficient to assess the bulk regolith permittivity from Equation 4. They are,
however, difficult to assess and might differ from standard Martian regolith as the mobilization process for the
slab and its grain size appear different (M. Landis et al., 2024). The JSC Mars‐1 simulant is a Martian regolith
analog from weathered volcanic ash of the Pu'u Nene, a cinder cone on the Island of Hawaii. Its compacted and
uncompact porosity is 44%–54%, respectively (Allen et al., 1997). Regolith found at the Viking 1 landing site has
a bulk porosity of 60± 15% (Clark et al., 1977). Although the permittivity of the solid grains in the surface slab is
unknown, it is common practice to consider the permittivity of basaltic materials for the lithic inclusions in the ice
(Grima et al., 2022; Lauro et al., 2020; Orosei et al., 2018). We will do the same for the mantling slab by
considering, on purpose, a broad range of typical values of 6–9 for that type of rocks (M. J. Campbell &
Ulrichs, 1969; Rust et al., 1999; Telford et al., 1990), although outliers exist on both sides of the spectrum. Using
Equation 4, a porosity of 44%, the bulk slab permittivity ε′2 would then lie between 3.1 and 4.1, while a 60%
porosity would bring back those numbers between 2.3 and 2.9, standing in the range of permittivity (2–3)
measured for the dusty material at the surface of the MFF (B. A. Campbell, Watters, & Morgan, 2021). These
ranges of slab permittivity overlap ambiguously the one assumed for the SPLD bulk ice of 3.4. It does show,
however that these properties are important to assess a correct basal permittivity and inform on its wet‐versus‐
non‐wet nature, eventually. Indeed, if the slab is assumed to be 5‐m thick, as suggested by the excavation
depth 160 km away reported by M. E. Landis and Whitten (2022), then the derived basal permittivity for
2< ε′2 < 4.1 could range approximately anywhere between 20 and 60, possibly approaching on its low‐end dry
mixtures of conductive minerals (Bierson et al., 2021; I. B. Smith et al., 2021; Stillman et al., 2022; Stillman &
Olhoeft, 2008; Tulaczyk & Foley, 2020;). This range would change for a different slab thickness, reaching lower
basal permittivities for a thicker slab. Standard basalts' permittivity up to 10 would require a slab as thick as 9 m in
the best cases.

4. Discussions and Conclusions
We have integrated the recent characterization of an ice‐poor dust cover (≤5‐m thick layer mantling the SPLD)
into the standard 1‐D radar propagation model to invert the basal permittivity of the ice sheet from the normalized
basal echo power Ψ where it has been measured by MARSIS as remarkably high (Orosei et al., 2018). The likely
widespread spatial extent of this layer advocates for a more systematic integration into radar propagation models.

It stands out that whether the dust cover permittivity is higher or lower than the one for the underlying bulk ice
might be a determinant question to discriminate between the wet and the dry hypotheses for the base of the SPLD
at the location of the bright reflector. If ɛ2′ > ɛ2, then the wet character of the base would be unambiguous as the
permittivity quickly climbs closer to values characteristic of bulk liquid water (ɛ ≈ 80 (Brouet et al., 2018)) that
would be inaccessible to dry geologic materials, even at warmer Terrestrial temperatures. Conversely, ɛ2′ < ɛ2
could lower the inverted basal permittivity toward materials more compatible with dry mixture of conductive
materials (Bierson et al., 2021; I. B. Smith et al., 2021; Stillman et al., 2022; Stillman & Olhoeft, 2008; Tulaczyk
& Foley, 2020). The thickness of the slab is also of importance. Although it is probably widespread across the
SPLD, its thickness variations are unknown. The 5‐m thickness estimated 160 km away from the bright basal
reflector could gradually change over this spatial scale to reach values that would affect the basal permittivity
inversion. For instance, a variation of ±2 m over that distance could have been unnoticed on the MARSIS surface
reflectance (Figure 3), while it is able to vary the inverted basal permittivity by as much as 10 (e.g., from a value of
ɛ3 = 15 to ɛ3 = 25) compared to the 5‐m thick case. Note that a thicker layer would tend to increase the inverted
basal permittivity for ɛ2′ > ɛ2, while it would decrease it for ɛ2′ < ɛ2.

The latter case of a layer permittivity lower than the SPLD ice would better reconcile the current conflicted
literature, though. It has been observed that the MHz reflectivity property of currently exposed, yet dry, terrains at
Mars are similar to that of the bright basal SPLD material (Grima et al., 2022). However, the initial ɛ3 = 33
inverted by Orosei et al. (2018) appears to be likely related to exclusively wet matrices such as perchlorate brines
(Mattei et al., 2022; Stillman et al., 2022). With a dust layer of relatively low permittivity mantling the SPLD, the
basal permittivity would not be as high, reconciling Grima et al. (2022) and Stillman et al. (2022), but would also
satisfy the growing literature indicating that the basal thermal conditions can hardly sustain liquid water
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(Ojha et al., 2021, 2024). Lauro et al. (2022) uses the frequency dispersion of Ψ at 3, 4 and 5MHz to derive a basal
permittivity up to 40, higher than the initially 33 determined by Orosei et al. (2018). We suggest that the inversion
by Lauro et al. (2022) is overestimated because all the frequency dispersion has been attributed to the attenuation
in the bulk ice, while the reflection/transmission through the mantling slab should also be accounted as a
component of the observed dispersion since it is highly frequency‐dependent. Orosei et al. (2018) tested for the
presence of a localized surficial CO2‐ice layer that could bias Ψ in the same way that we are assessing in this
study. They argue that the relative spatial stability of the surface echo (Ps) beyond the sole location of the bright
basal reflection demonstrates that there is no localized layering at the surface. However, the Aa2 unit associated
with the dust layer is not local but widespread and ubiquitous across the whole region (Kolb & Tanaka, 2006). It is
then reasonable to expect a spatially stable surface echo in the presence of this surficial dust cover. In this case, Ψ
would be biased throughout much of the SPLD, thereby providing a mechanism that would also explain the
observation by Khuller and Plaut (2021) of widespread high Ψ values across the SPLD.

A tighter characterization of the slab thickness and permittivity is then crucial to refine the radar propagation
model and possibly discriminate between the wet and dry hypotheses for the base of the SPLD. This could be done
with additional observations of recent impact craters to assess the lateral variability of the layer thickness, or with
future radar sounders like the International Mars Ice Mapper (I‐MIM) concept that would have a vertical reso-
lution sufficient to image the slab (I‐MIM MDT, 2022).

We acknowledge, however, that there are still many cases in Figure 4 where the slab properties might lead to
ambiguous conclusions for the basal material. This is especially true if the inverted basal permittivity lies in the still
being‐investigated range of values valid for bothwet and dry‐conductivematerials (Bierson et al., 2021; I. B. Smith
et al., 2021; Stillman et al., 2022; Stillman & Olhoeft, 2008; Tulaczyk & Foley, 2020). However, our study in-
tegrates a growing body of work demonstrating that coherent effects from thin‐layering have to be considered in
propagation models (B. A. Campbell & Morgan, 2018; Jawin & Campbell, 2024; Lalich et al., 2022; Mouginot
et al., 2009). One can imagine other coherent (resonant) effects from layering in the ice column and/or at the base to
conjugate and further contribute to the measured Ψ. Especially, the possible impact of alternatedH2O andCO2 ice
basal layers as proposed by Lalich et al. (2022) should be reconsidered in complement to the existing surface dust
cover assessed in our study. This could be done by letting R23 in Equation 1 be sensitive to thin layering as well.

A possible pervasive role of resonant and dispersive effects at the SPLD and at the NPLD is also supported by
complex differential radiometric signatures between MARSIS and SHARAD, of which the effect of a thin
surficial dust layer is only the last development. That includes different surface reflectivity between the SPLD and
the NPLD (B. A. Campbell, Morgan, et al., 2021; Grima et al., 2012) where the latter is driven by a widespread,
recent accumulated package also mantling the surface (Jawin & Campbell, 2024); The weakening of SPLD
reflectivity at the location of the CO2 residual polar cap (Mouginot et al., 2009); an extensive lack of SPLD basal
and englacial echo (Whitten & Campbell, 2018) in SHARAD; the existence of a SHARAD diffused signal termed
fog (Whitten & Campbell, 2018); the attested role of thin layering in the radiometric signature of englacial layers
(B. A. Campbell & Morgan, 2018; Jawin et al., 2022; Lalich et al., 2019).

A better knowledge of the near‐surface structure is also essential for a better absolute calibration of the MARSIS
and the Shallow Radar (SHARAD). Mouginot et al. (2010) and Grima et al. (2012) calibrated the MARSIS and
SHARAD signals, respectively, over a large reference zone that broadly encompass the location of the bright
basal reflector and the impact crater where the dust layer has been characterized. Their assumption was that of a
surface made solely of ice without surficial structure. The dust layer would change the effective reflection co-
efficient considered for calibration, then propagating to the permittivities derived for other Martian terrains. This
sensitivity to calibration is discussed in more details in Grima et al. (2011) for SHARAD.
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