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Introduction:  The Aram Chaos channel located at 

2.8°N, 18.5°W, is approximately 100 km long, ranges 
from 8 to 14 km wide, and has a maximum depth of 
2000 m (Figure 1).  The confined innermost approx-
imately 67 km reach selected for this study includes 
the area of the channel where the trimline is evident 
for the stream head at the time of initial catastrophic 
flow and the outflow height at the channel’s mouth. 

 

 
Figure 1.  Aram Chaos Channel overview map.  The channel 
flows east (black arrow) dissecting the crater rim and de-
bouches into Ares Valles.  The channel center line (blue) and 
the demarcation between the channel bed and overbanks 
(walls) (red) are represented.  A portion of Aram Chaos is 
just visible to the west and Ares Valles is the channel to the 
east.  MOLA digital elevation model (128 pix/degree, 463 
m/pix) shaded relief overlaid by 200 m contour intervals.  
White arrows indicate knickpoints where hydraulic jumps 
occur along the channel reach. 
  

The Aram Chaos crater rim may have acted as the 
source basin barrier, perhaps acting as a levee, until 
the water from eruptive chaotic terrain at the southern 
section of the crater overtopped the rim allowing 
channel formation.  Alternatively, pressure on the si-
dewalls of the crater initiated groundwater seepage at a 
weakened section of the rim and eroded enough frac-
tured bedrock to allow vadose zone throughflow and 
gravitational flow down gradient to form the channel.  
The study reach ends downstream where terraces and a 
spillway formed at the bend where the channel de-
bouches into Ares Valles (Figure 2). 

Method:  The fundamental Mars hydraulic models 
(Chézy and Manning’s equations) and the computa-

tional algorithms relied on in this study were devel-
oped by Komar [1] and I have adapted them for use 
with the Hydrologic Engineering Center’s River Anal-
ysis System (HEC-RAS) based on solution of the con-
tinuity and momentum equations [2].  HEC-RAS ad-
justed for Mars’ gravitational acceleration was only 
applied to Mars channels once previously by Burr [3] 
at Athabasca Vallis and therefore provides the oppor-
tunity to further develop the method here.  The HEC-
RAS model used for both Earth and Mars are identical 
except that the Mars version was adjusted for the gra-
vitational acceleration and the specific weight of water 
differences between the two planets.  Using the HEC-
GeoRAS ArcGIS geospatial tool to generate the chan-
nel geometry for input to the HEC-RAS flow model, 
the hypothesized output potentially quantifies the hy-
draulics of the channels more accurately than previous 
orders-of-magnitude estimates reported in the litera-
ture. 
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Figure 2.  Upper and lower sections of the Aram Chaos 
channel reach.  As illustrated, the high water lines (trimlines) 
are evident at both ends of the channel.  The trimlines are 
shown in A at about -2300 and as high as -1600 m on the left 
bank entrance to the channel and at about -1700 m on the 
right bank entrance.  A spillway is evident on the right over-
bank just before the channel merges with Ares Valles chan-
nel.  Blue arrows indicate direction of flow and dashed white 
lines indicate evidence of highest water lines.  Mosaic com-
posite of THEMIS visible images from left to right: A) 
V10074013 and V01823004, B) V01798007 and 
V12807009.  North is to top of page. 
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Discussion:  Utilizing THEMIS, MOC, HiRISE, 

and MOLA data, trimlines (highest flood water lines) 
were unambiguously delineated and mapped.  The 
trimlines show a 1000 km drop in elevation from the 
upstream to downstream reach extremes.  Geomorpho-
logical features were also mapped including mass 
wasting (landslides, debris flows, and slump), remnant 
streamline hills, terraces, plunge pools, and extreme 
scouring of channel walls.   

The HEC-RAS steady open-flow model requires 
initial boundary conditions of reach slope (0.0037 for 
Aram Chaos channel), which was estimated from the 
MOLA 128 PPD digital elevation model in order to 
initiate the hydraulic model.  Additionally, Manning’s 
n, the channel bed, bank, and overbank surface rough-
ness coefficients are required to compute the shear 
stress that resists channel flow downstream.  Man-
ning’s n was estimated using a combination of TES 
thermal inertia, rock abundance, and visual interpreta-
tion of available visible imagery.  A sensitivity analy-
sis of peak discharge to Manning’s n was performed 
resulting in best channel bed n coefficient of 0.030 
(0.049 Mars equivalent) and right and left overbanks 
of 0.045 (0.073 Mars equivalent). 

The subcritical flow model fit the observed data 
remarkably well.  The upstream cross-sections fit the -
1700 m trimline to within 36 m (σ = 24) while the 
downstream cross-sections fit to the -2700 m trimline 
to within 60 m (σ = 42).  Froude numbers did indicate 
supercritical flow at the most turbulent sections (hy-
draulic jumps) of the stream and ranged from 0.15 to 
1.16.   

Results:  The first hydraulic modeling of the Aram 
Chaos channel on Mars indicates that the estimated 
peak discharge of 2.75 x 108 m3 s-1 and mean flow 
velocity of 27.6 m s-1 created enough power (24268 W 
m-2) to sculpt the channel in a single catastrophic 
event.  The friable nature of the crater rim bedrock, 
extensive mass wasting, and slight sinuosity of the 
channel are morphological evidence of this event.  The 
evidence described suggests that erosion to base-level 
was probably accomplished immediately by the ex-
treme power and discharge of a one-episode cata-
strophic outflow event and that as channel incision 
slowed, gradient decreased, and bank wall erosion 
increased.  Figure 3 presents a flood inundation and 
flow velocity map of Aram Chaos channel. 

 
Figure 3.  Aram Chaos channel inundation and flow velocity 
map.  The modeled water surface is the extent of the hydrau-
lic depth feature class mapped in shades of blue.  The chan-
nel and overbank velocities and inundation depth are also 
mapped.  As described in the text, this model best represents 
the THEMIS observed trimline heights at the upper and lo-
wermost sections of the reach.  Due to the extensive mass 
wasting that has occurred since the last outflow, trimlines 
along the interior channel are not unambiguously identified.  
Notice the small knoll (white arrow) at the downstream right 
overbank section of the reach that was not overtopped by the 
peak discharge.  This can be seen on the THEMIS images as 
a remnant streamlined hill just downstream of the spillway 
where the channel flowed into Ares Valles. 
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