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Introduction:  The question of whether liquid wa-
ter has ever been present on Mars is a greatly debated 
topic [1-4] and images of what appear to be drainage 
basins on Mars have fuelled the debate. On Earth such 
features are predominantly created by the surface run-
off and associated hydrological processes. As a result, 
it has been postulated that similar looking Martian val-
ley networks were also formed by the flow of liquid 
water. If these features were created by flowing water 
then it would imply that Mars had a very different cli-
mate than today [5]. 

Here, we further investigate if Martian valley net-
works were created by hydrological processes, by using 
Geographical Information Systems (GIS) and mor-
phometric analysis to quantify networks [6], enabling a 
comparison to be made between Martian valley and 
terrestrial river networks. 

Study area:  The Vichada Valles is the largest val-
ley network in the Tyrrehena Terra (13ºS-30ºS, 
265ºW-280ºW) [7], which is located between the Hel-
las basin in the north and the Isidis basin to the south 
[8]. The terrain is Noachian in age and hydrated sili-
cates have been detected in the area [9]. 

Previous studies of the Vichada Valles [7, 10, 11] 
have classified the network as having a dendritic drain-
age pattern, being of the 

Methodology:  Topographic information (128 pix-
els per degree) gathered by the Mars Orbiter Laser 
Altimeter (MOLA) was used with Spatial Analyst Hy-
drology tools in ArcMap to determine the valley net-
work using a standard terrestrial automated mapping 
technique. In the initial stage pits/sinks in the topog-
raphic data were “filled”.  The flow direction of each 
pixel was determined using the D8 algorithm [13]. The 
accumulation of flow was then established, using the 
flow direction determined previously. Finally, a thresh-
old value, T was determined to identify pixels with a 
flow accumulation >T. [14] used a value of T= 130 
pixels, but this produced a map that appeared to be 
“over-drained”. Here a value of T= 500 was found to 
provide a suitable degree of “drainage” for the region. 
The final map was then compared to a manually pro-
duced map to verify the location of the main valleys in 
the network. Any other features such as ridges, scarps, 

etc. that may have been mistaken for valleys were iden-
tified and removed. 

 order, and it’s tributaries 
have a distinctive V shape. It has been suggested that 
valley formation in the Tyrrhena Terra was the result of 
surface runoff from either snow melt or rainfall, and 
that sapping may have played a minor secondary role 
[12]. 

Analysis parameters. In order to quantify the valley 
network the following morphometric parameters were 
used: valley order, valley pattern, valley shape, valley 
length, valley slope, valley numbers, bifurcation ratio 
and drainage density.  Some of these parameters make 
up the “drainage basin composition laws” [15, 16], 
which are based on Horton’s laws [17], in addition to 
morphological parameters that are commonly used to 
classify terrestrial drainage networks.  

Results and Discussion: Valley order. The analy-
sis shows a valley network of the 

Valley pattern. The valley (Figure 1) shows a pre-
dominantly dendritic pattern, with junction angles 
lower than 90º.  This indicates that the network formed 
on a uniform rock type [15, 16]. It also eliminates the 
possibility of a low viscosity lava creating the network, 
as these would create a more structured pattern, e.g. 
rectangular or labyrintic [19]. 

 order, which differs 
to the results form previous investigations [10], per-
haps as a result of different mapping technique being 
used. It is a possibility that the network may actually be 
of a higher order, with smaller valleys “hidden” by the 
resolution of the MOLA data [18]. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Revised automated map of the Vichada Valles net-
work (green).   

Some 

Valley numbers. An inverse geometric relationship 
is found to exist between valley order and the loga-

 order valleys show parallel characteristics, 
but these are restricted to regions surrounding the cra-
ters. This indicates the possibility that craters have al-
tered the morphology of individual valleys. The gen-
eral shape of the entire works resembles that of a light 
bulb. This implies ground water sapping played a role 
in the formation process [20]. 
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rithm of valley numbers. This is characteristic of terres-
trial drainage networks and indicates that similar sur-
face runoff processes were involved in the network’s 
development on Mars as well.   

Bifurcation ratio. The Vichada valley has a bifurca-
tion of 3.53, which falls into the expected range for 
drainage networks on Earth (2-5) and values between 3 
and 4 indicate hilly and mountainous regions [17]. For 
Mars, such a value may either be representativeof the 
underlying terrain or the modification by craters. It has 
also been suggested that this terrestrial range is indica-
tive of the production of a natural formation [21] which 
further suggests there were no structural controls af-
fecting morphological development, such as groundwa-
ter sapping. 

Another characteristic of the bifurcation ratio is a 
constant value between each of the successive valley 
orders, which is seen with a values around 3. There is 
an exception between valley orders 2 and 3, where the 
value is greater, (4.22), but overall, this strongly fol-
lows Horton’s laws of drainage basins. 

Valley slope. There is a slight inverse geometric re-
lationship between valley orders 1–4, but not valley 5. 
Valley 5 has a mean slope that is greater than the mean 
slope value for valley order 4. This is most likely due 
to the distinctive drop in elevation found towards the 
southwest region. It may also be the result of the under-
lying terrain, suggested by the bifurcation ratio, or per-
haps a result of subtracting a section of the valley 
length (where a crater is located) from the overall 
length, which may have affected the slope of the valley. 

Valley length. The average valley length generally 
follows a direct geometric series, but there is a slight 
curve, particularly towards the end at valley orders 4 
and 5. This same slight curve is also found in an inves-
tigation of the Warrego Valles [18]. The presence of 
this could be a characteristic of all Martian valley net-
works, or just the result of the method used in deter-
mining actual valleys from linear features. 

Valley shape. Overall there is a mixture of both V 
and U-shaped valleys. Valleys for the 

Valley density. The “drainage” density for the val-
ley network was calculated to be 0.05 km

 order are the 
only valleys that have no V–shaped valleys. In orders 1 
and 3 approximately one third of the valleys have been 
classified as V-shaped which provides strong evidence 
for the formation by surface runoff [5]; U–shaped val-
leys suggest either sapping [5] or modification by gla-
ciation [16]. The presence of both valley shapes indi-
cates more than one process was active in the forma-
tion of the network. 

-1, which falls 
into the range of most valley densities found on Mars 
[22].  [23] found an average drainage density of 0.0074 
km-1 for networks formed on Noachain terrain. The 

value obtained in this study is relatively high in com-
parison to the average [23], but is a low value when 
compared to terrestrial drainage basins with an average 
minimum of 1 km-2

Conclusion: The presence of V–shaped valleys in-
dicate surface runoff played a role in the formation of 
the Vichada Valles network. In addition to this, two out 
of the three composition laws are obeyed, showing a 
quantative similarity with terrestrial drainage networks. 
The bifurcation ratio falls within the expected range for 
networks on Earth and show a consistent value between 
valley orders. However, the analysis does show more 
U–shaped valleys, a low drainage density, an overall 
‘light bulb’ shape (Figure 1), and relatively shorter 

 [22].  The low value for the Vi-
chada Valles indicates formation by sapping [5, 18]. 

One of the main limitations of this investigation is 
the resolution of the MOLA image data. A higher reso-
lution (e.g. Themis Infrared) would most likely in-
crease the valley numbers and potentially the number 
of valley orders, as seen in [18]. However, the valley 
shapes would most likely remain similar to the results 
presented here.  

 
order valleys, which are indicators for sapping valleys. 
This suggest that valleys were formed by a combina-
tion of sapping and surface runoff, in agreement with 
the results of [12].  
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