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Introduction: Athabasca Valles is an extensive 

outflow channel located at the southern extent of Ely-
sium Planitia that contains some of the youngest, 
smoothest, and best preserved surface textures and lava 
flow morphologies on Mars. The juxtaposition of flu-
vial, glaciovolcanic, and volcanic morphologies have 
drawn the attention of several studies with a broad 
spectrum of interpretations as to the nature of the out-
flow channel materials [1-4]. Previous methods study 
lava-flow shapes and rely on quantitative parameters 
such as fractal properties, flow length, width, thick-
ness, volume, etc., to extract rheological properties, 
eruptive, and suggested emplacement processes. These 
studies provide important constraints for physical 
properties and selected features within the outflow 
such as volcanic rootless constructs (VRC’s) [5] and 
platy-ridged textures [6]. However, the complexity of 
understanding the interconnected relationships respon-
sible for the present terrain has yet to be fully illus-
trated. Hence, an integration of a diversity of datasets 
and knowledge of the outflow associated features is re-
quired to further the investigation into recent Martian 
outflows.  

Figure 1 Facies map on a MOLA hillshade mosaic (200 
m/pixel). The study area covers 435,000 km2 and includes 17 
facies assessed at a digitizing scale of 1:25,000.  

To address these issues, we have constructed up-
dated geological mapping to classify the Athabasca 
outflow terrains into unique facies using the Context 
Camera (CTX, ~ 6m/pixel) [7] and High-Resolution 
Imaging Science Experiment (HiRISE, ~1m/pixel) [8]. 
Additionally, we integrate these facies with Shallow 

Radar (SHARAD) [9] surface echo and roughness at 
15m scale, processed through the Radar Statistical Re-
connaissance (RSR) technique [10-12]. The combina-
tion of these data sets illustrates remnant surface and 
near-surface (<10m) snapshots of the final stages of 
the flow. Additionally, the RSR roughness measures, 
RMSh [m] and effective slope (Seff) [°], provide suffi-
cient resolution (15m) to characterize the morpholo-
gies and flow emplacement processes. 

Athabasca Valles Facies: The identification of 
meter scale surficial morphologic changes throughout 
the Athabasca lava system (fig 1) provides an oppor-
tunity to explore spatial and temporal variations in 
flow formation processes. The main Athabasca channel 
compared to its southern branching channel contains 
morphological traits (i.e., terraces on exposed walls, 
teardrop shaped islands, and rootless cones), sugges-
tive of repetitive stages of fluvial activity. However, 
there is a lack of fluvial associated features within the 
southern channel. We suggest that most fluvial out-
bursts flowed down the main channel until later devel-
opment of southern distributary channels. Conse-
quently, the morphology differs within the northern 

main channel, dominated by VRC groups 
[5], whereas the southern channel, repre-
sented by platy-ridged terrain [6], fea-
tures coherent crust slabs rafted atop the 
molten interior. Downstream, these two 
channels converge and the lava ponds 
into Cerberus Palus where the morphol-
ogy is dominated by interconnected 100s 
of km2 lava slabs. Despite similar plan-
form appearances along the flow, these 
features have unique roughness signa-
tures that can be linked to their different 
emplacement styles [13]. 

Facies Roughness Analysis: The 
RMSh and Seff response is consistent 
with facies transitions and the influence 
from the constraining environment. There 
are three distinct trends in (Fig 2): (1) 

where the Athabasca facies are more sensitive to varia-
tions in the RMSh (2) the geologic units [14] are more 
sensitive to variations in the Seff [°], and (3) it appears 
that there is a transition to higher RMSh for facies 
along the margins of the Athabasca flow and closer to 
the source, with the exception of the VRC groups. 
Quantitative measures of RMSh roughness for Atha-
basca lava features range from 1.09m to 1.76m. 
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Figure 2 Relation between RSR roughness measures RMSh 
[m] vs. Effective slope (Seff) [°] for Athabasca Valles facies, 
Cerberus facies, and geologic units. Geologic units represent 
portions of units mapped by [14]. The colors of the scatter 
points represent the facies as they are mapped in Figure 1.  

We hypothesize that this breakpoint in roughness 
trends (Fig 2) is related to differences in the scale of sur-
face features between Athabasca facies and surrounding 
geologic units [14]. Indeed, the geologic units have siz-
able features, likely resulting in the transfer in sensitiv-
ity. In addition to the surface echo, the near-surface 
properties (<10m) are a significant factor in the rough-
ness distribution of the Athabasca facies.   

Figure 3 Along-flow profile through Athabasca Valles origi-
nating at Cerberus Fossae and extending to Cerberus Palus 
Basin. The segmented horizontal represents the locations 
where Athabasca facies have been mapped. The color scale 
represents the root mean square height RMSh.  

Until recently, geologic units have largely been 
mapped with MOLA data analysis [15-16], resulting in 
kilometer-scale roughness maps used for global geo-
logic unit mapping and characterization. We expand on 
the hypothesis that roughness reflects the morpholo-
gies and emplacement conditions [13] of the flow by 
extracting topographical elevation measured from 
Mars Orbiter Laser Altimeter (MOLA, ~400m/pixel) 
and analyze with roughness and facies patterns along 
the Athabasca flow path.  

Results: There are 3 major distinguishable RMSh 
segments along the main flow path (Fig 3): (1) proxi-
mal to the channel head, exhibits inflated channel mor-
phologies, (2) continuing downslope until the channel 
terminus, dominated by VRC’s and platy-continuum, 
and (3) beyond the channel terminus a broad flat plain 
with platy-undifferentiated surfaces. Roughness pat-
terns and facies localities suggest that the emplacement 
of Athabasca lava experienced a dynamic progression 
of eruptive stages as the flow fully developed.  

It is geologically sensible to propose that the facies 
characterized by higher RMSh should have been em-
placed during more intense eruption conditions [13], 
although local constraints and substrate irregularities 
could have a significant effect on surficial expressions. 
The RMSh-facies profile (Fig 3) has shown that an 
overall trend decreasing in RMSh exists. These initial 
results confirm the linkage between surficial morphol-
ogies and lava flow roughness, including the ability to 
constrain the spatial and temporal evolution of em-
placement processes.  

Conclusions: We find that that Athabasca facies are 
characterized by unique roughness patterns indicative of 
flow states and topographic influences on surface and 
near-surface morphology. Furthermore, lava flows em-
placed in the northern and southern segments of our 
study area demonstrate that the Athabasca system un-

derwent differentiated stages 
of a single eruption. Results 
from 3D roughness mapping 
at 15m scale with integration 
of SHARAD subsurface re-
flectors [17] will further test 
and constrain the spatial and 
temporal relationship between 
morphology and roughness, 
as well as provide additional 
insight into the formation pro-
cesses involved in recent Mar-
tian outflow channels. 
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