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Introduction: Athabasca Valles is an outflow channel 
located on the southeastern flanks of Elysium Mons 
(10oN, 156oE, Fig. 1a) that formed during the most recent 
20 Myr of the late-Amazonian epoch of martian history 
[1]. Previous works have described several origin 
scenarios for the formation of Athabasca Valles, including 
1) formation predominantly by water erosion from water 
released from Cerberus Fossae which formed due to 
flexural loading [1,3]; 2) formation from water released 
from Cerberus Fossae which formed as the result of near-
surface propagation of a dike [2]; and 3) formation 
predominantly by lava erosion from lava released from 
Cerberus Fossae which formed as the result of surface 
eruptions from a dike propagating to the surface [4]. 

This study uses observations of Athabasca Valles as 
inputs into analytical models of mechanical [5] and 
thermal erosion [6] in a method similar to that employed 
in a previous study of lava erosion on Mars [7] in order to 
calculate fluid volume, effusion rate, flow velocity, and 
erosion rate and to asses the probability for each scenario. 

Evidence for Erosion and Lava Flow: Evidence cited 
for erosion within Athabasca Valles includes streamlined 
forms ([1,8,9]; Fig. 1b), longitudinal lineations, and 
transverse dunes [1] observed on the valley floor. Plateaus 
with a streamlined morphology have material that lies 
both topographically above and below the walls of the 
valley (Fig. 2). An eroded plateau with material above the 
valley wall (Fig. 2a) would most likely have been present 
before a flood event carved the valley, whereas an eroded 
plateau with material below the valley wall (Fig. 2b) 
would most likely have formed after valley erosion began. 
Eroded plateaus with material below the valley wall are 
consistent with multiple flood events carving the observed 
valley rather than a single catastrophic flood event. Other 
indications of multiple floods in Athabasca Valles have 
been identified in multiple orientations of longitudinal 
lineations, in the orientation of wakes around small 
rootless cones, and in terraces along the valley walls [1]. 

Evidence for lava flow includes thin, arcuate, and 
overlapping fronts that are concentric to Cerberus Fossae 
(Fig. 1c), the proposed vent, and polygonal and ridged 
textured deposits downstream from the channels, forming 
a lava deposit in Elysium Planitia with a volume of ~5000 
km3 [8]. Additionally, observations of high-lava marks 
>90 m high on the walls of Athabasca Valles indicate that 
lava flowed at a level at least equal to these marks, either 
as a near bank-full flow [9], or prior to or during valley 
formation. Lava – water interactions probably occurred 
near the end of valley formation, as features interpreted as 
small rootless cones are observed to form linear chains 
along the valley floor ([1,10]; Fig. 1d). Some of these 
cones have moats that may point in the direction of lava 

Figure 2: Topographic profiles (MOLA gridded data) of 
streamlined plateaus and crater ejecta shown in Fig 1b.  (a) 
Plateaus with eroded material that lies above the walls of 
Athabasca Valles are interpreted to have been present before 
erosion of the valley occurred.  (b) Plateaus with eroded 
material that lies below the valley walls are interpreted to have 
formed between two eroding flood events, indicating that 
episodic events are responsible for the formation of the valley 
rather than a single catastrophic event. 

Figure 1: Geologic context of Athabasca Valles (a) and features 
within the valley that exhibit evidence for lava flow (b), lava-
water interactions (c), and erosion, (d).  While streamlined 
islands are indicative of erosion, topographic profiles in Fig. 2 
indicate that some eroded craters formed between eroding events, 
suggesting that episodic flood events occurred. 
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flow [1,10]. The water required to form these rootless 
cones may have seeped into the subsurface as the result of 
surface water flow, or the water might indicate that the 
level of subsurface water/ice present at the time of valley 
formation was ~100 m below surface level. 

Results: In order to assess the hypotheses, four 
scenarios are considered to assess the fluid volume, 
eruption flux, flow velocity, and duration required to form 
Athabasca Valles, including: 1) an effusion of water that 
eroded the entire valley with a subsequent eruption of lava 
that completely filled the pre-carved valley; 2) an initial 
effusion of water that carved 20 m of the valley followed 
by a series of effusions of lava that carved the remainder 
of the valley; 3) an initial effusion of water that carved 0.1 
m of the valley followed by a series of subsequent 
effusions of lava that carved the remainder of the valley; 
and 4) a series of effusions of lava that carved the entirety 
of the valley. 

Results are compared in Fig. 3. The first, water erosion 
scenario requires an effusion of 1.5 x 106 km3 of water to 
flow over the surface for a total of >20 years to carve the 
valley. Individual flood events may have been brief, 
allowing time for the aquifer to recharge beneath the 
cryosphere between sequential flood events [11]. In order 
for this scenario to work, a catastrophic effusion of lava 
must have occurred after the valley formed to explain the 
lava marks observed >90 m up the valley walls. This 
eruption would have had to occur in ~3 days to fill the 
valley, requiring an eruption rate of ~18 x 106 m3/s. While 
this bank-full lava flow is necessary to explain the high 
lava marks if the entire valley was first carved by water, 
this bank-full lava flow would be likely to remove 
evidence of plateaus with eroded material that lies below 
the valley walls. 

The next scenario considered assumes that water 
erodes 20 m of the valley before lava erodes the remaining 
~80 m; 20 m represents the maximum amount of erosion 
that can occur to allow a later lava flow with a modeled 
depth of ~7 m to leave the high-lava marks on the valley 
wall. This scenario requires 0.3 x 106 km3 of water to flow 
on the surface for 4.5 years, followed by 5000 km3 of lava 
flowing for 91 days to erode the valley. The third scenario 
considered, in which water erodes only 0.1 m of the 
valley, requires only 8 days of surficial water flow 
followed by 5000 km3 of lava flowing for 119 days to 
erode the valley. This duration of lava effusion is similar 
to the duration expected for the scenario where lava erodes 
the entire valley, as well as to the duration of a flood lava 
flow observed on Earth (Roza lava flow [12], Fig. 3). 

Results suggest that an initial effusion of water may 
have occurred as dikes associated with Cerberus Fossae 
cut through the cryosphere [1], but this effusion of water is 
unlikely to result in significant surface erosion because 
mechanical erosion rates due to water erosion are low. 
Model results suggest that lava erosion may have played a 
significant role in the formation of Athabasca Valles, and 
further analysis might further constrain how this late-stage 
outflow channel formed. 
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Figure 3: Calculated volume fluxes and volumes (inset) for four scenarios considered in the formation of Athabasca Valles.  
Models indicate that water would require more than 20 years of active flow and erosion to carve the observed valley, and a 
subsequent flood of lava must have occurred in less than 3 days to form observed lava marks >90 m high on the valley 
walls.  Alternatively, an initial 1400 km3 flood of water could have carved 0.1 m into the substrate in 8 days, and a 
subsequent series of lava eruptions that accumulated 119 days of eroding fluid flow could have carved the observed valley. 
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