
AREAL EXTENT OF SUBSURFACE BASAL REFLECTORS WITHIN THE SOUTH POLAR LAYERED 
DEPOSITS.  N. Abu Hashmeh1, J. L. Whitten1, B.A. Campbell2, 1Tulane University, New Orleans, LA, 70118, 
USA. 2Center for Earth and Planetary Studies, Smithsonian Institution, MRC 315, PO Box 37012, Washington, DC 
20013. Contact: nabuhashmeh@tulane.edu, jwhitten1@tulane.edu. 

 
 
Introduction:  Among the most areally extensive 

reservoirs of water ice on Mars, the south polar layered 
deposits (SPLD) in particular contain compelling evi-
dence of variations in the planet’s recent climatological 
history. The SPLD exhibits interbedded dust of vary-
ing thicknesses accumulated at different stages of 
Mars’ recent orbital history [1, 2]. Early analysis of the 
SPLD stratigraphy was focused along the margins 
where layers were exposed at the surface [3-5]. Since 
then, radar instruments in orbit have been used to 
penetrate the surface of the ice to observe the strati-
graphic variations throughout the interior of the SPLD 
[6-8]. Variations of ice and dust thicknesses show that 
the SPLD has undergone identifiable erosional and 
depositional processes before its current stagnation, 
providing more insight into climate behaviors during 
its emplacement [9]. Radar investigations have also 
shown the SPLD interior to exhibit low reflectivity 
zones, some of which are known to host sequestered 
carbon dioxide ice that may have played a role in the 
retention of surface water during past climate condi-
tions [10, 11]. 

The continued collection of radar data from the 
SPLD will play a large role in the study of Mars’ re-
cent climate history. However, there are observable 
gaps in the radar datasets that may yield important 
information about certain parts of the SPLD interior. In 
particular, the ability of radar to penetrate through the 
entire SPLD appears to vary with signal frequency [6]. 
The preliminary work presented here aims to begin 
addressing the cause of this phenomenon by first map-
ping out the regions where the signal reaches the base 
of the SPLD. 

Methods: Two orbital radar sounders prove useful 
for studying the SPLD interior. The Shallow Radar 

(SHARAD) instrument aboard the Mars Reconnais-
sance Orbiter (MRO) [12] emits a signal frequency of 
20 MHz with a bandwidth of 10 MHz. SHARAD’s 
along-track resolution is 0.3-1.0 km and has a vertical 
resolution of ~15 m in free space (~8 m in geologic 
materials). The Mars Advanced Radar for Subsurface 
and Ionosphere Sounding (MARSIS) instrument 
aboard Mars Express (MEX) [13] is capable of emit-
ting 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.  

The signal reflections are processed to produce ra-
dargrams that highlight some of the underlying stratig-
raphy within the SPLD. One hundred and seventeen 
incoherently summed SHARAD radargrams [6] cover-
ing the south polar region of Mars were analyzed to 
identify potential basal reflectors. The identified reflec-
tors were then sorted by confidence level with the fol-
lowing classifications: distinct, somewhat dis-
tinct/uncertain, and very uncertain.  

Distinct features are interpreted with high confi-
dence to be part of the basal reflector; they tend to be 
vertically removed from and do not exactly conform to 
the shape of the overlying reflectors (Fig. 1). Some-
what distinct/uncertain reflectors are unmistakably 
visible but can be harder to distinguish as unique from 
the overlying reflectors of the SPLD. In particular, 
somewhat distinct reflectors have a strong signal but 
could be questionable when trying to distinguish from 
the lowest reflector in a packet of reflectors. Some of 
the more uncertain reflectors are detected at the edge 
of the SPLD and often follow the shape of the ground 
surface just outside the edges of the ice; however, 
these signals tend to disappear very quickly and are 
harder to distinguish from overlying reflectors. The 
very uncertain reflectors are mostly of the same nature 

Figure 1. Example of an incoherently summed SHARAD radargram showing a distinct 
basal reflector. Track number 9376-01. Only a portion of the radargram is shown. 

6047.pdfSeventh Mars Polar Science Conf. 2020 (LPI Contrib. No. 2099)



as the somewhat distinct/uncertain class, but are faint 
enough that their edges become difficult to define with 
precision; alternatively, these signals can be visually 
apparent but lack a distinct enough shape to resemble a 
basal reflector surface.  

Some radargrams have more than one visible re-
flector. These potential reflectors were spatially pro-
jected in map view to visualize their locations within 
the SPLD (Fig. 2). Beyond map projections, further 
analysis will be done to determine the influence of the 
SPLD’s surface morphology and characteristics on the 
presence of basal reflectors. 

Preliminary Results: MARSIS is able to penetrate 
through and detect a basal reflector throughout most of 
the SPLD [8], while SHARAD is unable to penetrate 
through the entire thickness of the ice before being 
scattered and attenuated. The SHARAD signal is great-
ly attenuated in the thickest regions of the SPLD, but 
the signal is also observed to be scattered and attenuat-
ed in the thinnest portions of the SPLD, like Ultimate 
Lingula. This scattering creates a fog-like appearance 
most readily observable in the thicker regions of the 
deposit [6]. Due to the different frequency ranges be-
tween these two instruments, it is apparent that this 
phenomenon is frequency dependent.  

SHARAD radargrams typically show features at 
the edges of the SPLD which could be interpreted as 
the basal reflector. These edge reflectors quickly dis-
appear towards the thicker parts of the SPLD, but they 
can provide a constraint on some of their boundaries. 
Out of the 117 radargrams analyzed, 19 contained dis-
tinct basal reflectors, 19 contained somewhat distinct 
features, 57 were uncertain, and 22 were very uncer-
tain.  

The majority of these reflectors are found in 
SHARAD tracks that overlap. Overlapping tracks were 
referenced to each other to confirm the existence of a 
reflector; some of these same features appear with dif-
ferent distinctiveness across these overlapping tracks. 
Most of the identified reflectors are associated with 
thinner regions along the perimeter of the SPLD, but 
some notable detections exist beneath the residual po-
lar cap in thicker ice (Fig. 2). In addition, there is an 
apparent cluster of distinct reflectors around 225º de-
grees that extend considerably far into the SPLD; an-
other less distinct but still notable cluster exists around 
350º degrees. Very few observed reflectors appear to 
be completely isolated. Since they appear to exist with-
in a reasonably close proximity to one another, clusters 
of less distinct detections may provide more confi-
dence for identifying the basal reflector within that 
region.  

 
Figure 2. Basal reflector detections in SHARAD ra-
dargrams projected onto the SPLD. Mars Orbiter La-
ser Altimeter (MOLA) hillshade maps at 128 ppd. 
 

Future Work: Following this preliminary work, 
more incoherently summed SHARAD radargrams will 
be analyzed and added to the dataset. MARSIS has 
recorded much more data since it was initially used to 
map the basal interface [14], so these data will also be 
heavily utilized to re-map the basal interface. MARSIS 
data will be analyzed using the same techniques pre-
sented here to map the basal interface of the SPLD, 
which will then be used as a reference for the 
SHARAD reflectors to better constrain the nature of 
their response.  
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