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Introduction: The polar regions of Mars host 

massive, layered water ice reservoirs (and some CO2 
ice) with variable dust concentrations throughout [1, 2]. 
The polar layered deposits (PLD) in entirety are 
interpreted as a record of climate variability, largely 
controlled by dramatic changes in planetary obliquity 
over geologic time [1-7].  Understanding the processes 
that facilitated their emplacement can help elucidate 
Martian paleoclimate conditions and have the potential 
to provide crucial context for climate-related analyses 
of the planet’s geologic past.  

Since 2004, orbital radar sounding at Mars has been 
used to reveal connections between the internal 
structure of the polar caps and the planet’s climate 
history [2-7]. The capability of sounding radar to 
traverse the PLDs is dependent on the transmitting 
frequency of instrument, the loss properties of the 
material it traverses, and scale-dependent scattering 
effects at the surface or below [8, 9]. MARSIS has 
traversed the entirety of both PLDs, illuminating the 
distribution of their materials and characteristics of their 
basal interfaces [2-3]. SHARAD–the higher frequency 
of the two radar sounder instruments–shows drastically 
different radar behavior between both PLDs.  

Sharp and coherent radar reflectors in radargrams 
are visible throughout the entirety of the northern PLD, 
even capturing variations within the basal unit that 
underlies it [5, 7]. At the SPLD, the reflectors are 
commonly obscured by a gray, fog-like return that is 
widespread [9]. Additionally, the basal interface is only 
visible in thinner regions of ice, primarily concentrated 
at the cap’s perimeter [10]. The SPLD also hosts a 
distinct radar facies known as a low reflectivity zone 
(LRZ) that exhibits few (if any) returns; one instance of 
LRZ material has been identified as a series of massive 
CO2 ice deposits from observations of an unexpected 
radar signature in what was originally assumed to be 
water ice [12]. Interpreting the climate record from the 
SPLD involves understanding the unique radar 
phenomena it displays. Towards this goal, we map the 
deepest coherent returns and measure the total 
volumetric extent of the SPLD that is detectable by 
SHARAD. 

Methods: 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 synthetic aperture radar processing is 
0.3-1.0 km [11]. We use SHARAD radargrams 
systematically spaced across the entire SPLD to 
identify, trace, and extract the location, depth, and 
power of the lowest coherent reflectors (LCR) and the 
associated surface reflector overhead. We also utilize 
incoherently summed SHARAD radargrams that boost 
the signal-to-noise ratio of the data in order improve our 
confidence in identifying the LCR [9]. Regions where 
the LCR is the base of the SPLD are also mapped. 

LCRs are identified by observing their orientation 
and physical similarity to any overlying or nearby 
reflectors. LCRs are typically brighter than their 
immediate surroundings, though often faint enough to 
be barely distinguishable from the background noise. 
BRs are identified as LCRs displaying a relatively 
bright interface with a vertically smeared appearance, 
resulting in a “thicker” reflector. BRs often do not 
conform to the same orientation as internal reflectors 
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Figure 1. Extent of LCRs mapped throughout the SPLD to 
date. Yellow points represent instances where the mapped 
LCR corresponds to the the SPLD base. 
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and tend to decrease in brightness away from the SPLD 
interior at a different rate, making them distinct.  

Results: The LCR is mapped as the basal reflector 
(BR) along most of the SPLD perimeter, where ice is 
thin (Figure 1). This is most common in Australe 
Scopuli (AS), Sisyphi Planum (SP), and Australe 
Lingula (AL). SP is notable in that it is entirely 
comprised of LRZ material. Most of Ultima Lingula 
(UL) contains sparse and very weak LCR and BR 
returns. Non-BR LCRs in Promethei Lingula (PL)–
where the clearest radar reflector stratigraphy in the 
SPLD exists [4]–are at similar depths to where BRs 
have been identified (Figure 2). 

There is a distinct gap where essentially no reflectors 
have been identified poleward from PL, near the polar 
data gap (black circle in both figures). This paucity of 
reflectors roughly correlates with the onset of column 
fog [9], however reflectors have been identified in 
regions that also exhibit the same phenomenon. A 
similar behavior is seen between 270ºE and 330ºE, 
where the presence of column fog overlaps regions 
where very few, if any, reflectors have been clearly 
identified. 

Discussion: Thus far, the paucity, or occasionally 
sporadic detection, of deep reflectors throughout UL 
means that a significant amount of ice volume in this 
region is not being measured by SHARAD, and, 

therefore, must be interpolated from the sparse data that 
do exist.  UL is also notable for containing the most 
extensive LRZ deposits outside of the large CO2 
deposits near the pole. However, there is still no clear 
connection between these LRZs and the presence (or 
lack thereof) of the BR, LCR, or the reflector that marks 
the LRZ base [13].  

Distinguishing between the SPLD base and LCR in 
PL is difficult. PL’s LCRs are typically radar bright but 
often mark an abrupt end to any reflectors whatsoever, 
including any clear indication of the basal interface. 
These LCRs appear similar to that of PL’s internal 
reflectors found directly overhead, while also lacking 
the vertically “smeared” characteristics of the BR and 
other internal reflectors found throughout the rest of the 
SPLD. This is not a new observation [6, 9], however, it 
is unexpected to see relatively sharp and bright LCRs at 
similar depths to the elusive and often faint BR in PL. 
Specifically, a deep internal reflector close to the base 
of the SPLD displaying an apparent reflected power 
significantly larger than the interface between the ice 
and base is puzzling in the context of large dielectric 
contrasts. 

Poleward from 80ºS between 180ºE and 240ºE, 
LCRs are easier to identify and have been mapped 
accordingly. This region is notable for lacking the 
scalloped depressions of UL and troughs throughout the 
rest of the SPLD. 

Ongoing Work: A complete map displaying the 
total measurable SPLD volume detectable by SHARAD 
is in progress. We will quantify the difference in LCR 
power from BR power in regions where they are at 
similar depths (such as PL). We will also analyze the 
loss of power between the surface and LCR throughout 
the SPLD and compare this to the thickness of the 
material we have measured, the extent of fog returns and 
LRZ material, as well as surface textures identified in 
high resolution imagery. This work will be 
complemented by a similar analysis using the PA3D 
volume for comparisons across datasets. 
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Figure 2. SPLD thickness from surface to LCR. 
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