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Introduction: The south polar layered deposits
(SPLD) on Mars are a vast reservoir of water ice (and
some CO2 ice) with varying proportions of intermixed
dust [1]. The layers are interpreted to be the result of
deposition and ablation driven by orbital variations
(obliquity, eccentricity) over the past 10-100 million
years, preserving a record of the planet’s recent climatic
history [2-4]. Layers are visible in scarps around the
SPLD perimeter and within trough walls [5]. Orbital
sounding radars have revealed the internal structure of
the SPLD [6-8], but do not always traverse the full
thickness of the ice before being completely attenuated
[9]. This signal attenuation can be accompanied by a
fog-like scattering effect in radargrams that occurs
through much of the SPLD; notably, this phenomenon
does not occur in the northern PLD [10].
Signal returns from SHARAD, the higher frequency
radar instrument currently orbiting Mars, highlight the
frequency dependence of the fog phenomenon, which is
not evident in MARSIS data. Seasonal variations in fog
extent and distribution have not been detected [9]. The
fog echoes often begin just below the surface and reach
greatest echo-delay extent in the thickest regions of the
SPLD [9]. To better understand the cause and role of the
fog, we are measuring the distribution and degree of
signal attenuation using SHARAD radar sounding data.
This, along with calculations of ice thickness in regions
where the radar signal reaches the basal interface, is part
of a broader effort to characterize the radar properties of
the SPLD.
Methods: We analyzed over 1000 MARSIS and
SHARAD radargrams for basal detections. In addition
to standard products, we used hundreds of incoherently
summed SHARAD radargrams [9] to identify basal
reflectors. MARSIS emits signals at 1.8, 3.0, 4.0, and
5.0 MHz with a bandwidth of 1 MHz and an along-track
resolution of 5-10 km. SHARAD emits a single chirped
pulse centered at 20 MHz with a bandwidth of 10 MHz
resulting in a range (vertical) resolution of 15 m in free
space, or ~8 m in geologic materials. Along-track
resolution after SAR processing is 0.3-1.0 km.
We identified the lateral endpoints of basal interface
reflections in raw SHARAD radargrams. Starting from
the leftmost endpoint, we search through each trace
(column) to find the highest average power values. We
then outline profiles from left to right and right to left
because clutter and too-close surface and subsurface

reflectors can impact the identification of the basal
reflector. Using the profile that best fits the true basal
reflector, we calculate ice thickness and analyze signal
attenuation. We then convert the positions of these
traced reflectors from time delay to depth using a
dielectric constant of 3.15, which is consistent with pure
water ice [11].
To identify the surface reflector directly above the
mapped basal reflector, we search each trace for its
highest power value. Identification of this reflector is
also required for thickness calculations. We also extract
power values (converted to dB) from the traced surface
and basal reflector profiles for further analysis.

Figure 1. SPLD basal reflectors (white lines) identified in SHARAD
data. Yellow boxes identify high-density regions of shallow basal
reflectors. Red box notes cluster of reflectors identified at depths
near 1 km.

Results: We extracted return signal power from 572
profiles traced over mapped basal reflections from
SHARAD data (Fig. 1). From these profiles, we used
over 40,000 surface-base pixel pairs to calculate ice
depth. Over 90% of all basal reflector pixels have a
power of ≤ –20 dB; the remaining ~10% of pixels have
powers ranging between –20 dB and 0 dB, with most
concentrated towards the low end (Fig. 2b). Basal
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reflectors are commonly found up to ~1.5 km in depth.
Two large concentrations of relatively high basal
reflector power exist: the largest occurs from just below
the surface down to ~500 m in depth (Figs. 1 and 2a,
yellow boxes). The second largest concentration occurs
between ~0.8-1 km in depth (Figs. 1 and 2a, red box).
The deepest mapped reflections occur at or just under 2
km, where signal power is mostly < –30 dB. These deep
reflectors are located below either side of a steep cliff
separating some of the thinnest and thickest regions of
the SPLD, and are partially underneath the residual ice
cap.
Radar signal power weakens up to ~35 dB between
the surface and base of the SPLD, with most of the loss
centered around ~19 dB (Fig. 2c).
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Figure 2. a) Pixel power and depth. Colored boxes strongly
correspond to reflections detected in colored boxes shown in Fig. 1.
b) Distribution of basal reflector powers. c) Distribution of power
loss (difference in power between surface and basal reflectors).
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Discussion: The highest power values occur in some
of the thinnest regions of the SPLD, with thicknesses of
≤ 500 m (Fig. 1, yellow boxes). These regions host the
highest areal density of basal reflections, owing to the
thin ice. The region near 0°E has previously been noted
to be associated with thicker, “column-wide” fog, while
the region ~250°E is associated with fog only being
closer to the surface [9]. Reflectors in both regions
represent the apparent peak of high-concentration signal
return power at depths up to 500 m (Fig. 2a, yellow
box).
Basal reflectors disappear as they extend into the
thicker parts of the SPLD. Between the two regions of
consistent basal echo detection, attenuation is less near
250°E. A smaller density of mapped detections occurs
at ~230°E where the ice approaches thicknesses of 1 km
(Figs. 1 and 2a, red box). This region is not noted to
have surficial or column-wide fog in [9], however
further investigation is needed to confirm this. It is
notable that the long-wavelength surface topography in
this region is relatively smooth compared to the rest of
the SPLD [12], potentially reducing surface scattering
of the radar signal before penetrating into the ice.
High relief near ~0°E divides some of the thinnest
and thickest sections of ice throughout the SPLD. Here,
radar is likely to have an advantage in traversing the ice
from farther down the cliff wall rather than through the
thickest point. As a result, a small cluster of basal
reflector detections occurs beneath this topographic
interface. These basal reflectors are low in power
relative to basal reflectors near the surface and represent
a small cluster of power values detected ~2 km (Fig. 2a).
Ongoing Work: We are comparing these 2D results
of power attenuation across the SPLD with a similar
analysis of 3D SHARAD data [13]. We will compare
the SHARAD results to power attenuation of MARSIS
signal returns to better understand the SPLD’s radar
properties with respect to frequency. We will use the
combined results of these SHARAD datasets to produce
maps of basal power and thickness of the SPLD.
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