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Introduction: The  ability of the SHARAD sounder 

to delineate subsurface structural features has proved 
pertinent in revealing the morphologic properties of 
buried Amazonian outflow channels [1]. Morgan et al 
[1] investigation of the >1000 km long Marte Vallis 
outflow channel demonstrated that SHARAD data 
could be used to reconstruct complex channel features 
that have been embayed by lava flows. The study also 
provided refined depth estimates of the channel floors. 
Marte Vallis is not the only Amazonian aged outflow 
channel on Mars. The Elysium Planitia region contains 
multiple channel systems, including the >300 km long 
Athabasca Valles system, which represents the young-
est outflow channel on Mars [2-3]. As is the case with 
Marte Vallis, lava flows have embayed the Athabasca 
Valles channels. Here we document analysis of 
SHARAD data that reveal new details of the original 
channel beds.   

Fig. 1 The Jaeger et al [9] mapped flow unit within west-
ern Elysium Planitia. The white lines represent the locations 
where subsurface reflectors have been identified with the 
SHARAD data.  

Athabasca Valles and the Youngest Lava Flow 
on Mars: Athabasca Valles is situated within north-
western Elysium Planitia. The channels, which are tens 
of kilometers wide at their greatest extent, emanate 
from a section of the Cerberus Fossae fracture system 

and debouch ~280 km to the southwest within the Cer-
berus Palus basin (Fig. 1). Though several smaller dis-
tributary channels also feed off the main channel to-
wards the southeast. Athabasca Valles contains many of 
the morphological assemblages suggestive of the action 
of liquid water - such as tear drop shaped islands - that 
are present within the larger, Hesperian outflow chan-
nels surrounding Chryse Planitia. Consequently, the 
predominant interpretation is that Athabasca Valles was 
formed through fluvial erosion [2,4-5]. The abrupt 
opening of the channels directly to the south of Cerber-
us Fossae argues the floods were sourced from a 
groundwater reservoir and released to the surface as a 
result of tectonic extension, possibly associated with 
dike emplacement [6]. Previous study of Marte Vallis 
using SHARAD data [7] also identified Cerberus Fos-
sae as the source of the floods. However, due to Cer-
berus Fossae also serving as a conduit for basaltic erup-

tions, some authors have suggested 
the outflow channels were at least 
partly the product of thermal and 
mechanical erosion by lava flows 
[8].  

Analysis of Athabasca Valles us-
ing HiRISE image data identified 
lava flow highstands ~50 m above 
the channel floor [9]. This observa-
tion suggests that Athabasca Valles 
were initially completely filled with 
lava before the flows drained away 
leaving only a thin veneer of basalt 
throughout the channel system [9]. 
Due to this, multiple hydrological 
and lava dynamic studies [e.g. 9-10] 
have considered the current cross 
section of Athabasca Valles to be a 
close approximation of the channels 
prior to the eruption of the most 
recent lava flows. Further regional 

mapping by [9] revealed the lavas extend beyond the 
channels forming a 250,000 km2 expanse, considered to 
be the youngest individual lava flow on Mars [Fig. 1].  

The age of Athabasca Valles is constrained by the 
volcanic terrain, within which the channels are cut and 
the age of the younger lava flow that later embayed the 
channels. Age estimates of these two volcanic surfaces 
provide an age range of 10 - 100 Ma [5]. As has been 
identified from detailed morphological studies of the 
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Hesperian outflow channels, the formation of Athabas-
ca Valles may not have been a single event, but the 
result of multiple floods.  

 
Figure 2 (Top) Example of a SHARAD radargram from 

an orbit that has crossed the main channel of Athabasca Val-
les. The reflector observed within the channel is highlighted 
by the two arrows. (Bottom) University of Texas clutter simu-
lation of the same radargam. Note the absence of any ex-
pected clutter below the channel floor, which argues the re-
flector in the radargram is a real subsurface feature. See [11] 
for details on the production of SHARAD clutter sims.  

Application of the SHARAD Radar: SHARAD 
data are presented as radargrams (Fig 2), displaying 
round-trip delay time on the vertical axis and along-
track distance on the horizontal axis. The radar operates 
at 20 MHz center frequency (15m wavelength) with a 
10 MHz bandwidth, and has a free-space vertical reso-
lution of 15 m, equivalent to a 5 – 10 m vertical resolu-
tion for common silicic geological materials [12]. At 
this wavelength SHARAD is capable of probing hun-
dreds of meters into the subsurface. With synthetic ap-
erture focusing and dependent on the surface roughness, 
SHARAD has an along track spatial resolution of 300 – 
500 m. Such spatial and penetration resolution is opti-
mal for mapping the multiple volcanic subsurface units 
underlying the thousands of km expanse of Elysium 
plains [1,7,13], which are estimated to be < 200 m thick 
[14]. Previous studies using SHARAD data have 
mapped out buried stratigraphic stacks of volcanic 
flows [7] in addition to the Marte Vallis channels [1]. 

The speed of the radar signal below the surface is 
indirectly proportional to the square root of the dielec-
tric permittivity of the subsurface. As Elysium Planitia 
is comprised of volcanic terrain we can use laboratory 
measurements of the permittivity of basalt to convert 
the round trip time delay of features identified below 
the surface into depth estimates. In the case where bur-
ied channel features are identifiable within the 
SHARAD radargrams, we can apply this technique to 
estimate the depth of the channel prior to being em-
bayed by lava.   

SHARAD Mapping of Athabasca Valles: We 
conducted a survey of the ~300 tracks, which comprise 
the SHARAD coverage of the Jaeger et al [2010] 
mapped volcanic flow. Clusters of subsurface reflectors 
were found below several regions of the flow, many of 
which terminate or dip towards the surface directly be-
low the external boundary of the flow (Fig 1) suggest-
ing they are intrinsically related. We therefore, argue 
that the reflectors represent the base of the lava flow. 

One reason we do not observe reflectors below oth-
er parts of the [9] flow unit may be because the base of 
the lava is too thin to separate from the surface reflector 
within the range resolution of SHARAD (i.e. < 10 m). 
Alternatively, there may not be a sufficient dielectric 
contrast between the lava flow and the underlying mate-
rial to generate a reflection.  

The most significant result of the SHARAD analy-
sis is the identification of reflectors below the current 
floor of the main Athabasca Valles channel (Fig 1 – 2), 
which we interpret to represent the original base of the 
channel. Assuming a dielectric permittivity for basalts 
of 5 – 9, the reflectors are several tens of meters deep. 
Whether, these reflectors mark the base of the lava flow 
within the channel or represent the base of another ma-
terial which had been deposited prior to the eruption of 
the [9] flow is uncertain. Nevertheless, the SHARAD 
analysis suggests that the previous depth assumptions 
used in flow modeling (both for water and lava) require 
a revisit.  
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