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BACKGROUND: Athabasca Valles is a ~30-km-wide, 300-km-long channel system 
in central Elysium Planitia, near the equator of Mars.  It is coated by a <50 Ma flood 
lava that was emplaced as a short-lived turbulent flood of lava [Jaeger et al., 2010].  
The short duration limits thermal erosion, but with a depth of over 100 m and a peak 
discharge of order 107 m3/s, some mechanical erosion is plausible [Cataldo et al., 
2014].  Furthermore, a similar flow in Kasei Valles shows convincing evidence for 
hectometer-scale local mechanical erosion, especially of unconsolidated materials 
[Dundas and Keszthelyi, 2014].  Here we report on our initial search for evidence of 
erosion by lava using MRO CTX and HiRISE stereo-derived topography.   

Study Area 

STEREO DATA: The HiRISE digital elevation model 
(DEM) was produced using the methods described in Kirk 
et al. [2008] and is derived from observations 
PSP_002661_1895 and PSP_003294_1895 This DEM has a 
spatial resolution of 1 m/post, vertical precision of a few 
tens of cm, and is discussed in Jaeger et al. [2010].  The 
CTX DEM uses analogous methods, but combines three 
d i f f e r e n t i m a g e p a i r s ( P 0 1 _ 0 0 1 5 4 0 _ 1 8 8 9 , 
P01_001606_1897, P03_002226_1895, P03_02371_1888, 
P19_008344_1894, P20_008845_1894, all acquired at ~6 
m/pixel).  This DEM was extracted at 100 m/post with a 
vertical precision of several meters.   

HYPOTHESIS: 
  Our preferred hypothesis is that both fluids were involved, at different times, 

following the suggestion from McEwen et al. [2012].  Our overarching goal is to test 
the idea that there were two distinct episodes of erosion and, if such evidence was 
found, to obtain some indication of the relative magnitudes of the two episodes.   

SMALL CRATERS: The most straightforward proof of a time gap between the 
initial carving of Athabasca Valles and the flooding by lava would be small craters on 
the floor of Athabasca Valles that are covered by lava.   Such craters would have been 
erased by the carving of the valley and thus had to form between the formation of the 
valley and the emplacement of the lava.  Keszthelyi et al. [2010] show such a crater – 
but it is at the terminus of the valley where erosion was likely to be minor so this is 
not entirely conclusive on its own.  There are a couple more potential examples in the 
central part of Athabasca Valles, but there are no unequivocal ones found to date.  

  In 
other words, these observations rule out the scenario where (1) Athabasca Valles was 
carved by ancient (Hesperian or Noachian) water floods and (2) the latest Amazonian 
lava failed to significantly modify hectometer scale features on the valley floor.  
 
An puzzling feature of many of the small craters coated by the Athabasca Valles 
Flood Lava is that the lava surface is often sunken, forming a shallow bowl.  The 
lowest level of the bowl is well below the rim of the crater, so draining of liquid lava 
from under the crust is not a viable interpretation.  The simplest explanation is that 
the lava suffered volume reduction through the loss of bubbles.  This is not typically a 
major process on Earth, except in the near-vent region.  However, due to the extreme 
eruption rate inferred for the Athabasca Valles lava, such behavior can be expected at 
much larger distances from vent in this case.  The lower hydrostatic pressure (due to 
lower gravity) and possibly lower viscosity of the Athabasca lavas can also contribute 
to bubble escape having a larger volumetric effect.   
 
This idea was tested for one lava-filled crater with a sunken floor.  The original rim-
to-rim diameter of the crater was ~1.5 km, suggesting an original rim-bottom depth of 
150-300 m for d/D ratios of 0.1-0.2.   The current floor of Athabasca Valles is about 
120 m below the crater rim, suggesting that the bottom of the crater is 30-180 m 
deeper.   The lava in the center of the crater is 15 m below the level at the rim, 
requiring a 8-50% volume loss.  The upper limit is physically possible but unlikely.  
For the d/D ratio of 1.6 typical of young Martian lavas [Hsu and Barlow, 2013], the 
volume loss is ~12%, which is extremely plausible.   

THERMAL CONSIDERATIONS: An upper limit on the amount of mechanical 
erosion the Athabasca Valles Flood Lava could cause can be placed using a simple 
heat balance calculation.  Using the CTX DEM, we can crudely estimate the 
topography at Athabasca Valles prior to channel incision by extending the slope of the 
Elysium Rise until it intersects the side of the wrinkle ridge that defines the southeast 
margin of the valley.  The amount of material removed is equivalent to a square 
channel roughly 60 m deep and 15 km across (see figure below).  For an order of 
magnitude calculation, this can be rounded to 1 km2 of material removed across a 
typical cross section.  Multiplied by the 300 km, length, the eroded volume is of order 
300 km3.  This is 4-6% of the 5000-7500 km3 volume for the flood lava.  If the 
entrained rock were to come to thermal equilibrium with the lava, this would reduce 
the temperature of the lava by an average of roughly 50°C.  Curiously, this is the 
canonical amount of cooling that stops a lava flow [e.g., Keszthelyi et al., 2006].  This 
calculation shows that it is difficult for lava to have been the primary erosive fluid 
unless one or more favorable factors were present.  Some of the more plausible 
conditions that would assist erosion by lava include (1) the lava was significantly 
superheated at eruption; (2) the duration of the flow was short enough that larger 
entrained blocks did not reach thermal equilibrium; (3) erosion in the downstream 
section of Athabasca Valles was significantly less than in the study area; and (4) there 
was substantial porosity in the material that was removed.  

   

HIGH-LAVA MARKS: The maximum height to which the lava reached provides a 
record of how the flow interacted with the topographic features, potentially shedding 
some light on any erosion by lava.  For example, Jaeger et al. [2010] found melt 
distributed at a variety of elevations on a streamlined form on the western end of the 
study area.  This was tentatively attributed to superelevation of the lava as it impacted 
the front of the obstacle.  However, such superelevation is not found on other nearby 
obstacles and other high-lava marks show a near-horizontal top to the flow.  We now 
interpret these small ponds as impact melt from the 6-km-diameter crater that cores 
the streamlined form.  
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This observation does not immediately place useful constraints on the role of erosion 
by lava.  Instead, this data will now need to be used as a key observation to match 
with numerical simulations of floods of water and lava in Athabasca Valles.  A pilot 
study using a 2.5D hydraulic model suggested that either (a) rapidly changing 
discharge rates or  (b) some non-uniform erosion may be needed to match these 
observations.  However, due to gaps in the MOLA coverage, improving the local 
topographic map by generating CTX DEMs was a required (but now complete) 
precursor to obtaining conclusive results [Keszthelyi et al., 2007]. 
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DUNES? The idea of erosion by lava is challenged by the Burr et al. [2004]
observation of diluvial dunes on the floor of Athabasca Valles since these weak 
features should have been removed by the subsequent flood of lava.  The HiRISE 
DEM of the area allows these features to be examined in greater detail.  Several 
characteristics of these features are inconsistent with diluvial dunes.  The tops of the 
features vary in elevation by more than 8 m, greater than the 4 m depth of the water 
flood they should have formed in.  They transition gradationally into a continuous 
raised platform that then transitions to having linear features parallel, not transverse 
to the flow direction.  Similar features are found more central to the channel in an 
area less favorable for deposition out of a flood.  

.   
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This leaves the formation of these unusual features unknown.  A speculative idea we 
are investigating is that these are pieces of lava crust formed in an early phase of the 
eruption of the Athabasca Valles Flood Lava that were subsequently over-ridden by a 
later surge in the same eruption.  Along with analogs to sedimentary processes, a 
complex mix of ductile and brittle deformation is allowed in such a scenario, 
providing latitude to explain a variety of features. 

CONCLUSIONS: We find no evidence to refute the idea that there was significant 
erosion by lava at Athabasca Valles.  Instead, 

.  Further analysis 
utilizing the improved topography derived from HiRISE and CTX stereo images and 
modeling are warranted. The nearly pristine surface at Athabasca Valles is helping to 
decipher the behavior of turbulent flood basalts that appear to have been important on 
Mercury, Venus, and the Moon.  But many unanswered questions remain.   
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