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Introduction:  Elysium Planitia is the youngest vol-
canic plain on Mars [e.g. 1-3]. Crater counts on vol-
canic units argue for multiple phases of activity over 
the last >0.5 Gyrs, with the most recent volcanic fea-
tures dated to ~2 Ma [4]. Understanding the nature of 
this volcanism is therefore essential to our understand-
ing of the current thermal state of Mars. 

Thus far, the majority of Mars datasets have re-
stricted investigations to the volcanic geology pre-
served at the surface of Elysium Planitia. Here, with 
the use of SHARAD we are able to expand upon those 
studies and penetrate hundreds of meters into the sub-
surface to reconstruct the underlying structure. Sound-
ing radar can also be used to infer the bulk composi-
tional properties of geologic materials [see: 5-8]. Be-
low we outline our strategy to integrate SHARAD data 
with other Mars orbital remote sensing datasets within 
a GIS environment to three dimensionally map the 
geological materials across Elysium Planitia. 

 
Fig. 1 Available SHARAD coverage of Elysium Plani-
tia. Red line highlights orbital track 600302000. The 
accompanying focused radargram is shown below. 
Subsurface reflectors highlighted by arrows. 

 
SHARAD Radar: SHARAD operates at a 20 

MHz center frequency (15m wavelength) with a 10 
MHz bandwidth, and has a free-space vertical resolu-
tion of 15 m, equivalent to a 5 – 10 m vertical resolu-
tion for common silicic geological materials [9]. At 

this wavelength SHARAD is capable of probing hun-
dreds of meters into the subsurface. With synthetic 
aperture focusing and dependent on the surface rough-
ness, SHARAD has an along track spatial resolution of 
300 – 500 m. Such spatial and penetration resolution is 
optimal for mapping the subsurface units underlying 
the thousands of km expanse of Elysium plains 
[10,11], which are estimated to be <200 m thick [4].  

SHARAD can also be utilized to derive estimates 
of the volume of distinct geological units. In areas 
where constraints can be placed on the ages of surface 
units, deposition or effusion rates can now be calcu-
lated for sedimentary and volcanic materials, 
respectively. This type of analysis will provide 
essential quantitative data to support our understanding 
of martian process geomorphology. 

Alternatively, in areas where DEMs can establish 
the thickness of geological units, time-delay values 
from sounding radar observations can be used to de-
termine the dielectric permittivity of the material. This 
value can then be matched against laboratory studies of 
geological materials relevant to Mars. Measuring the 
loss tangent of dipping subsurface reflectors provides 
additional compositional constraints [7]. Such tech-
niques have been used to explore the physical proper-
ties of Tharsis lavas [8]. 

SHARAD Results: The majority of the ~200 
SHARAD tracks that cross Elysium Planitia contain 
evidence of subsurface reflectors (Fig. 1). Many of the 
tracks reveal multiple, overlapping reflectors at differ-
ent depths suggesting a complex subsurface structure. 
Some of the reflectors show strong spatial correlation 
with individual lava flow units (identified by their to-
pographic signature in the MOLA gridded data) and 
most likely represent the base of these flows. The ba-
ses of discrete lava flows have also been observed by 
SHARAD west of Ascraeus Mons [8].  

Volume Estimates: Vaucher et al. [4] derived 
the thickness of Elysium volcanic units through the 
application of depth-diameter and rim height-diameter 
relationships applied to lava-embayed craters. These 
values were extrapolated to provide estimates of the 
volume of the volcanic material. However, this tech-
nique has several issues. First, the depth measurements 
are limited to the occurrence of suitably large embayed 
craters, and thus derived measurements will not be 
sensitive to spatial variations in depth. Second, it relies 
on assumptions regarding the spatial extend of subsur-
face layers, which can only be established along the 
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boundaries of the uppermost unit. Mapping using or-
bital sounding radar provides a more continuous per-
spective of the three dimensional boundaries of a given 
unit and thus can be used to more accurately estimate 
volume. Fig. 2 shows models of the base of an individ-
ual lava flow in southern Elysium Planitia based on 
different permittivity assumptions. Volume can be 
calculated by subtracting depth-calibrated SHARAD 
interface locations from the MOLA elevation data. We 
will present a volume estimate for each identified lava 
flow in Elysium Planitia. By combining these new data 
with age estimates of the surface from crater size fre-
quency counts [4] we will also provide estimates on 
the effusion rates of Elysium Planitia volcanism. 

 
Fig. 2 (a) Model of the base of an individual lava flow 
derived from interpolating between multiple tracks 
(shown below MOLA hillshade). (b) 3D depth esti-
mates of the base of the lava flow derived from three 
different permittivity assumptions.  

 

Visualizing Paleolandscapes: Due to the 
high density of the SHARAD coverage in Elysium 
Planitia (Fig. 1) it is possible to trace out individual 
reflectors that extend between different orbital tracks. 
Mapping the spatial distribution of reflectors provides 
a unique perspective of the original landscape prior to 
the emplacement of the most recent geologic units. 
Subtracting the reflector depth estimates from the 
MOLA gridded data removes the effects of surface 
elevation and allows patterns in the reflectors to be 
more easily discerned. Fig. 3 shows an example of a 
paleosurface below the most recent lava flows in cen-
tral Elysium Planitia. This simulation reveals the com-
plexity preserved below the surface.  

 
Fig. 3 Paleo-surface in central Elysium Planitia buried 
below young lava flows.   
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