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Introduction:  Athabasca Valles is the site of the 

most recent floods of water and lava on Mars [e.g., 1-3]. 
This makes the area interesting for understanding the 
current state of the interior of Mars, especially in regard 
to water and heat needed for life. However, the timing 
and magnitude of the possible aqueous flood is not well 
understood given that the surface is coated by the more 
recent lava. Here we lay out our plan to investigate this 
problem and present some initial results.  

Hypotheses:  The idea that Athabasca Valles was 
carved by water and then draped by lava is popular [e.g., 
1-6]. There are two variants of this model – the water 
could have immediately preceded the lava or the aque-
ous flood(s) could have been much earlier. A complete 
investigation needs to address two additional hypothe-
ses: the channel was entirely carved by lava [7] and only 
aqueous flows were involved [e.g., 8-11]. 

Testing the Hypotheses:  There are viable ways to 
test these four possible geologic histories. However, 
some new data, analyses and modeling are needed. 

Purely aqueous hypothesis. The purely aqueous hy-
pothesis was rejected by Jaeger et al. [4] because of the 
compelling evidence that the floor of Athabasca Valles 
is coated with lava that has not been eroded by a subse-
quent flood. One of the key observation was that conical 
landforms were constructed on the flow’s surface while 
the flow was still moving. This is consistent with the 
cones being phreatovolcanic constructs but is incompat-
ible with the cones being pingos or related periglacial 
features. Additionally, stable overhanging plates several 
meters long are compatible with the material properties 
of lava but are inconsistent with mud or ice. The delicate 
meter-scale volcanic features preserved on the floor of 
Athabasca Valles indicate that no significant flood of 
water post-dates this lava.  

Aqueous channel draped by lava. Features consid-
ered diagnostic of aqueous floods, such as streamlined 
islands and large bedforms, are abundant in Athabasca 
Valles [2,3,10,11]. While definitive evidence that these 
features pre-date the lava flow is lacking, there are ob-
servations that suggest a substantial time between the 
main valley-carving event and the lava emplacement.  

One of these is the presence of a number of uneroded 
craters on the floor of the valley that are covered by lava. 
These craters could have formed after the main valley 
was carved by water but before the emplacement of the 
lava. Six craters >1 km in diameter are found on the 
18,000 km2 floor of Athabasca Valles, suggesting that 
hundreds of millions of years passed between the aque-
ous and lava floods. However, these craters are all found 

in the distal and marginal parts of Athabasca Valles 
(Fig. 1) where erosion was probably minimal. Until a 
more thorough investigation of the morphology of these 
craters and their setting in the channel is completed, this 
line of inquiry is supportive but inconclusive about the 
timing of the water and lava.  

 

 
Figure 1. Overview of Athabasca Valles showing the 
locations of craters >1 km in diameter and the cross sec-
tions shown in Figure 2. The yellow dot is the one larger 
crater that formed on top of the lava. The blue dots are 
craters that are covered by the lava but do not show clear 
evidence of having been eroded by an earlier aqueous 
flood. The purple dots show craters that clearly suffered 
erosion from a flood of either water or lava. 

 
It is noteworthy that the surviving eroded craters 

clearly show that Athabasca Valles was carved into 
plains significantly older than the Elysium Mons flows 
on the northwest side of the channel. Athabasca Valles 
formed along a pre-existing geologic boundary. 

Another intriguing line of evidence for an aqueous 
flood that preceded the lava comes from the profiles of 
Athabasca Valles, especially near the Cerberus Fossae 
source region. The topography shows a larger main 
channel and a smaller inner channel (Fig. 2). The larger 
channel is roughly 30 km wide and 70 m deep. The inner 
channel is 5-15 km wide and 20-40 m deep. The broader 
channel could have formed by aqueous flooding while 
the inner channel could plausibly the result of erosion 
by flowing lava. Alternatively, the channel morphology 
could be the result of multiple aqueous floods or a single 
flood that had sustained lower flow after peak discharge. 
However, we cannot rule out the possibility that the 
wider channel is simply the original regional topogra-
phy where the lower slopes of Elysium Mons run up to 
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wrinkle ridges on the plains of Elysium Planitia. More 
detailed analysis of the channel morphology is needed 
to determine if there are features indicative of erosion 
by two different fluids.  

 

 
Figure 2. Topographic profiles across the upper reaches 
of Athabasca Valles extracted from the MOLA interpo-
lated global map. A plausible reconstruction of the orig-
inal topography is also shown. The valley has a distinct 
inner channel, suggesting that the main channel could 
have been carved by an aqueous flood while the inner 
channel was carved by lava. The lava draping the chan-
nel is only a few meters thick in this area. 

 
The key challenge in understanding the current and 

pre-erosion surfaces at Athabasca Valles is the quality 
of the topographic data [6,11,12]. The MOLA data is 
sparse and spatially heterogeneous, introducing signifi-
cant uncertainties when using either the altimeter shots 
or the interpolated maps. HRSC topography is more 
consistent but too coarse to resolve subtle inflections in 
the channel walls. HiRISE stereo images can provide 
very high quality topography, but cover an inadequate 
fraction of the valley. In principle, CTX stereo would 
provide the ideal combination of spatial resolution, ver-
tical precision, and coverage. However, the CTX stereo-
derived DTMs contain artifacts due to spacecraft motion 
that cannot be fully removed [6, 12]. The ESA ExoMars 
Trace Gas Orbiter’s CaSSIS camera may provide the 
ideal data set for further investigating the topography of 
Athabasca Valles.  

There is a third line of investigation that we are pur-
suing. The presence of phreatovolcanic constructs (i.e., 
rootless cones) atop the lava requires some amount of 
water or ice to be present in the substrate when the lava 
was emplaced. Terrestrial rootless cone fields have only 
been observed to form when lava moves over unconsol-
idated water-saturated sediments [13], the setting ex-
pected immediately after an aqueous flood. The tem-
poral juxtaposition of the aqueous and lava floods is also 

elegant because a single process (magma rising through 
the Martian cryosphere) can produce a flood of water 
and lava out of the same fissure [2,3,14].  

However, recent numerical modeling suggests that 
phreatovolcanic explosions can form with only modest 
amounts of groundice. In fact, the modeling suggests 
that, for much of Mars’ highly variable climate history, 
atmospherically implanted ice could suffice and there is 
no need for an aqueous flood to provide the water for 
the explosions [15]. However, when these models are 
applied to terrestrial analogs, they are unable to repro-
duce the observed temperature constraints, indicating 
that some key aspect of lava-water interaction is missing 
[16]. A model that includes more realistic processes is 
required to provide robust constraints on the water that 
fed the phreatovolcanic explosions at Athabasca Valles. 

Purely volcanic hypothesis. We continue to find it 
difficult to conclusively refute this possibility. The pri-
mary line of evidence promoting lava as the sole erosive 
fluid is Occam’s Razor: there is an appealing simplicity 
to calling upon a single event – the eruption of a very 
large turbulent flood of lava – to explain all the observed 
features of Athabasca Valles. 

Conclusion: Though a purely aqueous formation 
mechanism for Athabasca Valles is not viable, discern-
ing the nature of a pre-lava aqueous flood has been dif-
ficult. The three pronged approach of studying impact 
craters, channel morphology, and hydrovolcanic pro-
cesses that we are pursuing appears promising. High-
quality topographic data are essential for refining the 
search for lava-draped craters in Athabasca Valles and 
detailed examination of erosional processes within the 
channel. More robust numerical methods are required to 
place tighter constraints on the amount and nature of the 
water that drove the phreatovolcanic explosions.  
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