
MORPHOLOGICAL INVESTIGATION OF MANGALA VALLES, MARS.  A. Neather and L. Wilson, Envi-
ronmental Science Department, Lancaster University, Lancaster LA1 4YQ, UK (aneather@googlemail.com, 
l.wilson@lancaster.ac.uk). 

 
 
Introduction:  There is a long history of investiga-

tion of the Mangala Valles channel system as regards 
its morphology [1-5], its relation to regional volcano-
tectonic structures [6-9], the hydrologic conditions of 
water flow within it [10-13] and the origin of the water 
[14].  This study investigated potential relationships 
between the locations of a number of types of morpho-
logical feature and elevation, and the possibility that 
multiple flood events took place [9, 12].  Values were 
calculated for: the amounts and velocities of water 
involved and the associated Froude numbers, the flood 
duration, the area of the subsurface aquifer that sup-
plied the flood, and the size of the particulates that 
could be transported in the water. 

Methodology:  Two techniques were used.  The 
first was the recording in a database of the types of 
fluvial feature and their locations - MOC, THEMIS 
and Viking images were used.  The second was use of 
the MOLA altimetry data to evaluate channel bed 
slopes and cross-sectional profiles. 

Various features in Mangala Valles that indicate 
the fluvial nature of the valley were recorded to reveal 
how the flood changed over time and location. These 
include the following: streamlined islands, which ap-
pear as flat-topped tear drop shaped out crops; terraces, 
which are the inclines on the edges of channels; longi-
tudinal lineations, which are score marks in the floors 
of the valleys, probably created by cavitation; moats, 
which are similar in appearance to longitudinal linea-
tions, except that they occur around the edges of other 
features and valley floor obstacles; chaotic terrain, 
which appears as cracked areas of ground, possibly 
caused by the escape of subsurface water after the 
ground above it has been eroded low enough [15]. 
Also recorded, due to their frequent appearance, al-
though not explicitly fluvial, are compressional fea-
tures, which are long meandering ridges. 

The altimetry data were used to provide the slopes 
and depths of the Mangala Valles channels to allow the 
calculation of the flow velocities and volumes, etc. 

Where relevant, the data acquired by this study 
were combined with data found by other authors. In 
particular, the total amount of material eroded in the 
formation of the Valles was taken from [12], and the 
volume of sediment that the water involved could carry 
from [16] and [9]. 

The water flow equations were taken from [11], in-
cluding the Darcy-Weisbach equation, used to find the 
mean flow velocity: 
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where g is the acceleration due to gravity on Mars, R is 
the hydraulic radius, S is the slope, and fc

 
is the dimen-

sionless friction factor for different types of bed floor. 
Based on observations [17, 18], a boulder type bed was 
chosen. For the case of large flows, we have 

)2/()( dWdWR +><><=  

where <W> and d are the flow width and depth, re-
spectively. The mean velocity, Uc, was then found for 
several assumed depths. The range of fluxes, F, and 
the Froude numbers, Fr, were then found using 
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The duration of the flood event is then the ratio of 
the total amount of water that flowed (inferred from 
the total amount of material eroded and the sediment 
by percentage of the flow) to the flux. The area of the 
subsurface aquifer is found by use of the total water 
used and compared to the theoretical depths at which 
the water resides.  

Results and Discussion:  Terraces are found 
throughout Mangala Valles, and are by far the most 
common feature. Some terraces were found within 
each other, in layers. This would indicate the possibil-
ity of multiple flood events. For example, there are 
three sets of terraces near the release point. The outer 
most is around 500 meters deep, and the others around 
60 meters deep. 

Streamlined islands occur in the most complicated 
regions of Mangala Valles, most often around the re-
mains of craters and other obstacle on the valley floor. 
They do not appear near the release point. We would 
then suggest that streamlined islands occur when the 
flow meets features that are denser than their surround-
ings. 

Both terraces and streamlined islands present no 
preference for elevation.  

Longitudinal lineations are found throughout, but 
congregate around the deeper channels. This is due to 
their need for high flow velocities, in order for cavita-
tion to occur.  

Chaotic terrain patches are often found in the same 
areas as longitudinal lineations. This could be due to 
needing similar high flow velocities in order to erode 
the surface low enough to allow the subsurface water 
to break through. Chaotic terrain areas show a strong 
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tendency towards low lying regions, as these would be 
the places that would require the least erosion before 
water release. These low lying regions do not include 
crater basins, presumably due to their greater structural 
density.  

Moats are found around the mouths of channels 
and around the edges of other features, like streamlined 
islands and craters, but are not associated with terraces. 
As moats and longitudinal lineations show some corre-
lation in position, it seems likely that moats are a spe-
cial case of longitudinal lineations, and therefore re-
quire the high fluxes that just do not occur at the out-
ermost parts of flows, i.e. where terraces form. Moats 
have no tendency to prefer certain elevations.  

Compressional features display several interesting 
properties. If they were due to landslides or stresses on 
the surface after the valley bed dried out, then they 
should show tendencies to form around changes in 
elevation or in low lying regions, respectively. How-
ever, this is not observed. The compressional features 
are found orientated north to south much more often 
then they are east to west, suggesting that they may be 
the result of tectonic activity. Compressional features 
terminate whenever they meet another feature or ob-
stacle, suggesting either a very deep tectonic fault, or 
that they formed late in Mangala Valles' history. There 
are certain minerals, that when hydrated, expand, and 
this was considered as possible explanation for the 
compressional features. However, the minerals ex-
pected to expand the most are not found on Mars, al-
though there are conflicting reports[19, 20]. 

The Froude number, Fr, is always less than unity in 
the case of Mangala Valles, indicating sub critical 
flow. The mean flow velocity, Uc, is about 10 m s-1. 
The flood lasted for about one and a half months, 
which agrees with estimates from other works [9, 12, 
16]. The valley floor was eroded at a rate of six to 24 
metres per day. The subsurface aquifer area is between 
8.1 x 104 and 3.3 x 105 m2, which agrees with the val-
ues presented by [9]. Particulates that could be carried 
by the flow range between 25 cm and 1 m in diameter.  

Conclusions: Mangala Valles was formed by a 
relatively slow moving but massive body of water in 
the form of a catastrophic release from Mangala Fossa. 

There is need for further study of the compres-
sional features, as no one explanation for their exis-
tence was found by this study.  

Mangala Valles was probably formed by more than 
one flood event, as there are sets of terraces within 
each other, which would not happen if there was one, 
slowly decreasing, flood event. The main trunk of the 
system, near the release point, was formed by an initial 
large release, and then two much smaller releases.  

The off-shoot channels that can be seen heading 
east and north from around the midpoint of the system 
were created by another set of subsequent releases 
from the chaotic terrain that can be found at their roots. 
This goes some way to explaining the complexity of 
these channels.  

It is encouraging that the size of particulates that 
could be carried by the flow agrees with the particle 
sizes observed in outflow channel deposits [17, 18].  

We suggest that terraces are the basic indicator of 
fluvial activity.  

Longitudinal lineations and moats are closely re-
lated, the latter being a special case of the former.  

We support the suggestion of [15] that some of the 
complexity of the Mangala Valles could be explained 
by subsequent water releases from chaotic terrain 
patches after the major flood(s) had occurred.  
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