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  Introduction: Different processes have been in-
volved to explain valley networks: (1) Fluvial surface 
runoff formed by precipitation, (2) Groundwater sap-
ping, (3) water-lubricated debris flows, (4) groundwa-
ter flow (5) runoff formed by geothermal and/or tec-
tonic activity. Surface runoff could explain the strong 
erosion of Noachian craters [1], but surface runoff has 
been criticized because of the low drainage density [2] 
and alternative hypothesis have been proposed in cold 
climate [3]. Flows sustained by regional hydrothermal 
activity have been involved especially for the Thauma-
sia region in which Warrego networks because of the 
association of runoff sources with old volcanoes and 
fault zone [4]. In this study we infirm this possibility 
and we show that fluvial activity by precipitation is 
still a possible process to form Warrego valleys. Evi-
dences for such processes are taken from new MGS 
and Odyssey data thanks to which a more precise evo-
lution of Warrego vallis can be proposed.  
 

Fig. 1: MOLA map of South Thaumasia. Warrego net-
work is located on the most southernly part of the 
Tharsis bulge. 
 
General view of the Warrego valles network:  War-
rego Vallis is located on the southern part of the 
Thaumasia region, so the southern part of Tharsis 
bulge (Fig. 1). The difference of elevation between 
valley heads and surrounding plains is of about 6 km. 
Other less developed networks similar in shape also 
exist on the flank east of Warrego. Grabens oriented 
NW SE cross the Warrego region and continue in the 
southern plain. 
 
 

Local observations on MOC images: MOC high 
resolution images provide local information on the 
shape of valleys. Valleys are mantled by smooth mate-
rial, likely dust eolian material. This mantling is dis-
sected in many locations in small pits of several meters 
deep (Fig. 2). The latitude of Warrego at 40°S corre-
sponds to latitudes at which dissected layers due to ice-
rich material is observed [5]. This layer affects signifi-
cantly the original depth of valleys. Measurements of 
valley depth need therefore to be achieved with cau-
tion, especially if compared to other valleys which are 
not affected by same processes like in equatorial re-
gions. Furthermore, the filling of valleys makes the 
detection of small tributaries very difficult. We can't 
conclude whether their absence is due to their deleting 
by later processes or to their absence in the genetic 
process. 

 
Fig. 2: Close-up on a valley (MOC image #M17-
01176 scale: 2 km large, North to the top). The south 
flank top of the image is covered by mantling which is 
degraded. The valley is partially filled. 
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Fig. 3: Warrego Vallis from Viking image (230 
m/pixel) projected on Mars geodetic datum with geo-
detic projection. MOLA altimetry is overlaid on the 
image with  height intervals of 500 m. The large white 
box corresponds to the location of the infrared Themis 
image (Fig.4).  
 
Topography of the valley network: MOLA data 
shows that valley heads in the north part of the net-
work occur at height of about 8 km. The average slope 
is of 0.03 with a total of 6000 m of elevation differ-
ence (Fig. 3). A usual criticism to runoff formed by 
precipitation is that networks are poorly dendritic, this 
means that intersection between rivers is low and not 
orthogonal like dendritic pattern would require. How-
ever, the intersection angle depends strongly on the 
slope on which runoff forms. Under about 0.02 of 
slopes the drainage is dendritic with nearly orthogonal 
intersections and up this value of 0.02 the drainage 
becomes parallel, with low angle intersections [6]. 
MOLA data shows that we are in the case of such par-
allel network, because slopes are of about 0.03 in all 
the flank north of the main river. The observed geome-
try is therefore consistent with usual terrestrial drain-
age as the geometry is typical of parallel drainage due 
to the slope.  
Information given by THEMIS IR images: Most 
studies of Warrego have been done with Viking im-
ages which are only low resolution (220 m) at this 
place. Valleys sources seem to all to born at the top of 
the images and organize down to the south plain (Fig. 
3). The relation between the top of highlands as birth 
regions and the possible volcanoes located there is the 
main argument for hydrothermal related runoff [4]. 
Nevertheless, new THEMIS IR-images have 100m of 

resolution that gives a new insight inside the location 
of valleys. Indeed, THEMIS image south of the net-
works show several valleys not identified on the Vi-
king images (Fig. 4). Their absence on Viking image is 
likely an effect of the sun incidence. On the contrary to 
the visible images, IR Themis data are less dependent 
on sun incidence. THEMIS image permit to rebuilt a 
geometry of the network with the flank south of the 
main valley also affected by valleys. The lack of vol-
canoes or large impact craters at the upper part of this 
south flank makes the hypothesis of hydrothermally 
controlled network unlikely. On the contrary, the 
smaller elevation difference of only 500 m on this 
flank can explain that valleys are less developed and 
therefore less visible on Viking images. 
Origin of valley network: Finally, (1) MOC images 
shows that valleys are strongly degraded and that small 
tributaries are possibly erased, (2) the slope of the val-
ley measured by MOLA can explain the geometry of 
the network and (3) THEMIS IR data shows that some 
valleys exist on the south flank showing that it is not 
only controlled by sources on the northern part. Thus, 
evidences against runoff formed by precipitations are 
eliminated. On the contrary, it is unlikely that hydro-
thermal sources explain rivers in the south flank as 
they have their sources on a structural relief poorly 
related to any volcanic activity. Sapping is also diffi-
cult because it is controlled by layers and the geometry 
is different than typical sapping valley like Nirgal val-
leys. Moreover, the sources take place at elevations of 
up to 8 km which are the highest points in the regions, 
making unlikely a underground system at such crest 
line. Only widening of the main channel observed in 
the lower part of the valley could result of sapping 
process, likely late in the history of the network. 
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Fig. 4: A. Day-IR themis image I01714004 (100 
m/pix) on which the MOLA altimetry is projected with 
a height interval of 500 m. B. In the lower part of fig-
ure, the location of new valleys which connect to War-
rego main valley with a North water downstream along 
the local slope to the South. 
 

Discussion: Precipitations usually erode topography 
forming networks in equilibrium with the plain. The 
longitudinal profile of the main valley is nevertheless 
not at equilibrium. Such observation is against strong 
earth-like precipitations. However, arid regions of the 
Earth display networks of rivers not at equilibrium 
because they are due to flash flood or short wet sea-
sons. Such dryland rivers may also explain why trans-
versal profile are not increasing progressively like in 
usual rivers [7]. Warrego is dated in the late Noachian, 
so in a period at which the early Martian climate is 
near the end. It may be possible that the south Thau-
masia regions was built at this period and that Warrego 
represents the terminal phase of this climate explaining 
that it is well preserved at the Viking scale.  
Conclusion: Using different sets of data, topography, 
visible and IR images at all possible scale, we show 
that Warrego valleys have mainly characteristics in 
favour to surface runoff produced by precipitation, 
possibly by intermittent ephemeral floods. The forma-
tion of these valleys by precipitation favors observa-
tion such as those discussed by Craddock and Howard 
[8]. Nevertheless, more data need to be studied in or-
der to conclude if valleys are due to precipitation or 
any other erosional process. 
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