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Introduction: On the surface of Mars a large varie-

ty of geomorphological features due to water ero-

sion/deposition are present (e.g. [1][2]), corroborating 

the hypothesis of a warmer primordial atmosphere ca-

pable to maintaining an, at least ephemeral, Earth-like 

paleoclimate (e.g. [3]). Constraining the amount of 

water that could have flown on the surface of Mars is 

one of the fundamental and crucial aspects to under-

stand its evolution. Paleodischarge estimates are used, 

for instance, in the landscape evolutionary models, to 

study the probable fluvial activity and to understand 

the formation/evolution of lakes, valley networks and 

deltas (e.g. [4][5]). The presence of water is essential 

for life to flourish and to be preserved (e.g. [6]). For all 

the above reasons, the geomorphological features relat-

ed to water environments have become one of the pri-

mary target for the Mars exploration mission.    

Paleohydrological techniques developed for terres-

trial settings and adapted to the specific Martian condi-

tions represent valuable tools for the investigations of 

the ancient paleoclimate conditions on the Red Planet 

(e.g. [4][7]).  

In this study, we present the preliminary results of a 

hydraulic analysis of a paleochannel located at the bot-

tom of a narrow V-shaped Martian valley, in the Mem-

nonia Quadrangle. The analysis was carried out by 

adopting a one-dimensional steady state hydraulic 

model, coupled with paleostage evidence (e.g. 

[4][8][9]). A high-resolution stereo digital terrain mod-

el derived both from Context Camera (CTX) and High 

Resolution Imaging Science Experiment (HiRISE)  

with a spatial resolution of 20 m/pixel was adopted. 

The analysis was carried out in a Monte Carlo frame-

work, thus providing probabilistic estimates, rather 

than deterministic ones. 

 

Study area: The analyzed area is located in the 

Memnonia quadrangle (Figure 1). The whole region 

shows evidence of possible flowing water-related pro-

cesses (e.g. [4]). The valley is ∼34 km long, with a 

mean slope of ~3% and maximum width and depth of 

∼6˙000 m and ∼1˙500 m, respectively. Several geo-

morphological features, such as terraces on the valley 

flanks and inverted channels at its mouth, suggest that 

flowing water caused the inception and evolution of the 

valley. We focused on the innermost and latest terrace 

level, which is the best preserved one, and constituting 

the last phase of activity before the deactivation of the 

system.  

 

  
Figure 1 -  Context map of the analyzed valley. A 

high-resolution CTX digital elevation model with a 

spatial resolution of 20 m/pixel, obtained from over-

lapping images, was used to perform the hydraulic 

analysis of a ∼22 km reach of the channel at the bot-

tom of the valley. The uppermost and lowest cross sec-

tions of the modeled channel are shown as green lines. 

Blue shaded arrows indicate the flow direction. 
 

Methodology overview: The steady-state one-

dimensional hydraulic model was used to generate 

30˙000 hypothetical water surface profiles along the 

analyzed reach. In particular, the discharge and the 

Martian Manning’s roughness coefficient, were inde-

pendently extracted from a uniform distribution in the 

range from 10 to 5˙000 m3s-1 and from 0.01 to 0.2 s m-

1∕3, respectively. The normal water depth, for both up-

stream and downstream cross-section, was adopted. 
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Subsequently, the 5% of the water surface profiles that 

best fits the estimated paleostage evidence, in terms of 

root mean square error, were selected and used to infer 

the paleohydraulic parameters such as the discharge, 

the roughness coefficient, the width and the water 

depth. By means of the Monte Carlo procedure, the 

obtained results are given in terms of frequency distri-

butions.  

 

Preliminary results: The frequency distribution of 

the discharge and the Manning’s roughness coefficient 

are shown in Figure 2. The analysis suggests that the 

discharge associated to the “best water surface profile” 

(i.e. the water profiles that best fit the paleostage evi-

dence) is 450 m3s-1, which corresponds to a Manning’s 

value of 0.047 s m-1∕3. The results suggest a median 

water depth and surface width of ~5 m and ~95 m re-

spectively.  

Further analyses and comparison with other estima-

tion techniques are necessary to analyze the several 

sources of uncertainties wich suffer the presented anal-

ysis and to corroborate the presented preliminary re-

sults.  

Given the hydrological importance of the area, it has 

been inserted as one of the first targets of interest that 

will be acquired by the CaSSIS stereo camera during 

the first year of the ExoMars mission. Indeed, the pos-

sibility to derive dedicated CaSSIS Digital Elevation 

Models will be fundamental to test the presented re-

sults. 

 

 
Figure 2 - Relative frequency distributions of the dis-

charges (A) and Manning’s roughness coefficients (B) 

of the analyzed channel. The distributions are obtained 

by the water surface profiles that best fit the selected 

paleostage indicators along the channel. The best esti-

mates (green dashed lines) and the median values (dark 

green lines) are also reported. 
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