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Among all the planets of the Solar System ex-
cept Earth, Mars is the one who has the greatest
potential to host living organisms, extinct or cur-
rent. In 1971 the mission Mariner 9 discovered
fluvial systems on the surface of the planet. The
images showed huge channels carved by catas-
trophic floods and valley networks of great ex-
tension. This discovery was one of the most im-
portant steps in the exploration of the Solar Sys-
tem because showed the signs of the presence of
liquid water on the surface of a planet. How-
ever at present, the average atmospheric pressure
on Mars is 7 mbar, the average temperature is
218 K. So ice typically sublimates to the water
vapour without passing through the liquid phase
[1]. The only possible precipitations are those of
carbon dioxide in the solid state. The presence
of valley networks on the Martian surface is the
most compelling evidence that Mars was once ca-
pable of sustaining liquid water at the surface [2]
[3]. These valleys, with their meandering trunks,
densely dendritic form and tributaries resemble
to the terrestrial one and seem to have formed by
similar processes as terrestrial river valleys [3]:
Martian valley networks show features resulting
from a water surface flow likely due to rain or
snow melting. This would suggest that early Mars
could have been warmer and wetter than today
with atmospheric pressure and surface tempera-
ture different from the present ones [4]. How-
ever, detailed geomorphic analysis of individual
valley networks did not lead to a general consen-
sus regarding their formation timescales. There-
fore from a paleoclimatic point of view it is in-
teresting to map Martian valley networks and to
determine their formation timescales.
In this work we have used QuantumGIS

(QGIS), a Geographic Information Software as
a tool to create a map of Martian valleys and
to calculate their geometric parameters (such as
area and volume), based on MOLA (Mars Orbiter
Laser Altimeter) and THEMIS (Thermal Emis-
sion Imaging System) data.
The MOLA experiment, aboard of the Mars
Global Surveyor orbiter spacecraft, produced a
global topographic grid with a 30 cm/pixel verti-

cal resolution and ∼460 m/pixel horizontal reso-
lution at the equator [5], [6].
THEMIS went into orbit around Mars in 2001
aboard to the Mars Odyssey spacecraft. It is
a camera which collects visible and infrared im-
ages with a resolution of ∼ 19 m/pixel and ∼ 100
m/pixel. A global mosaic of 100 m/pixel has been
released to the public.
Combining THEMIS daytime IR and MOLA to-
pographic data improves the identification of val-
ley networks over THEMIS or MOLA alone, re-
sulting in a superior data set for accurate map-
ping and analysis of the valley networks on Mars.
The valleys have been mapped manually using
same criteria followed by other authors [7],[8].
We searched for sublinear, erosional channels
that form branching networks, slightly increas-
ing in size downstream and dividing into smaller
branches upslope. The mapped valleys have also
been divided into different groups: valley net-
works (systems highly developed with many trib-
utaries); single valleys (systems at most with one
or two tributaries); longitudinal valleys (struc-
tures characterized by a long main branch and
few tributaries); valleys on vulcanoes (valley net-
works and single valleys which are located on vul-
canoes) and valleys on outflow channels or on rift
systems (small tributaries of large canyons such
as Valles Marineris).

We have used the map of Hynek and colleagues
[8] as base map of our study. Respect to the pre-
vious manual maps [7], [8] data of higher image
quality (new THEMIS mosaic) and topographic
information allow us to identify more tributaries
for a large number of systems. In order to be in-
cluded in our catalog a feature has to: reflect the
actual topography (as verified by a longitudinal
profile); show V or U-shaped cross sections (as
verified by a cross profile). We have mapped all
the Martian valleys longer than 20 km obtaining:
new tributaries for 919 valleys; 204 new valleys;
358 removed structures.

To understand the formation mechanisms of
these fluvial systems and consequently make as-
sumptions on the ancient climatic conditions of
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the planet, we have determined the formation
time of a sample of 63 Martian valleys, contain-
ing all the Martian fluvial systems with a total
length greater than 600 km and a main branch
longer than 160 km.
Our sample has been divided in two groups: 1)
valleys with an interior channel (13 valleys); 2)
valleys with no visible interior channel (50 val-
leys).
For the first group we estimated the formation
time using a method based on the evaluation
of water and sediment discharges. In particu-
lar, water discharges were obtained through mor-
phometric (flow depth and width of the chan-
nel) and hydraulic parameters using a modified
Manning’s equation for steady, uniform flow tak-
ing into account the lower gravitational accelera-
tion on Mars.[9] We obtained sediment discharges
through the water discharge assuming a sediment
load of about 10 kg/m3.[9] Finally, the forma-
tion timescales have been calculated by the ratio
between the eroded mass and the sediment dis-
charge.

The formations timescales thus obtained are
representative of a continuous flow. This is pos-
sible only in environments that invoke an essen-
tially continuous source of supply for liquid water.
Even on Earth channel forming conditions occurs
rarely owing to the variability of the climatic phe-
nomena. There is no reason to think this would
be different for Martian valley networks [10]. So
we assume 3 different possible values of intermit-
tency: 5% if conditions on early Mars were humid
or sub-humid [10], [11]; 1% if Martian environ-
ments were analogues to semiarid/arid terrestrial
ones [10]; 0.1% for hyper-arid environments [12].
Once obtained the formation times for each val-
ley we have evaluated the erosion rates, i.e. the
eroded mass per unit of area and time. The mean
erosion rates obtained for the 13 valleys with visi-
ble interior channel were used to calculate the for-
mation times for the other 50 valleys considering
the ratio between eroded mass and erosion rate.
The formation times obtained in the four differ-
ent cases (continuous flow, 5%, 1% and 0.1% of
intermittency) are shown in Fig.1.

Since, owing to the variability in climatic phe-
nomena, channel-forming flow conditions very
rarely occurred on Mars[10], we have to exclude
the first scenario. On the other hand, using an in-
termittency of 0.1% we obtained for twenty val-
leys values around 109 yr and these values are
very unlikely if we consider that the age of Mars
is 4,5 billion years. So there are two possible sce-
narios: Mars could have been humid and temper-
ate or the valleys were formed in semiarid/arid
environments. We think that the latter are more

Figure 1. Histograms of the formation timescales ob-
tained for the 63 valleys, here studied, in 4 different pos-
sible situations: continuous flow, intermittency of 5%, of
1% and of 0.1% . The timescales obtained were divided in
15 classes: class 1 - 5×102 ≤ t < 1×103, class 2 - 1×103

≤ t < 5×103 and so on. The last class (15) has 5×109 ≤

t < 1×1010.

plausible according to the scenario proposed by
several authors which suggest that, during the
period of valleys formation, the climatic condi-
tions on Mars were arid or semiarid [13],[14]. So
in this scenario formation timescales of Martian
valleys range from 6×104 to 5×108 yr. These re-
sults are in good agreement with those obtained
by previous works and reported in literature [3].



3

REFERENCES

1. Ehlmann et al.: 2011, Nature, 479,
doi:10.1038/nature10582.

2. Fassett C.I., Head J.W.:2008, Icarus, 198, 37.
3. Hoke M.R.T., Hynek B.M., Tucker G.E.:

2011, Earth Planet. Sci. Lett., 312,
doi:10.1016/j.eps1.2011.09.053.

4. Craddock R.A., Howard A.D.:
2002, Jou. Geophys. Res., 107,
doi:10.1029/2001JE001505.

5. Zuber M.T. et al.: 1992, Jou. Geophys. Res.,
97, 7781.

6. Smith D.E. et al.: 2001, Jou. Geophys. Res.,
106, doi:10.1029/2000JE001364.

7. Carr M.H.: 1995, Jou. Geophys. Res., 100,
doi:10.1029/95JE00260.

8. Hynek B.M., Hoke M.R.T., Beach
M.: 2010, Jou. Geophys. Res., 115,
doi:10.1029/2009JE003548.

9. Manning R.: 1981, Trans. Inst. Civ. Eng. Ire-
land, 20, 161.

10. Fassett C.I. and Head J.W.: 2005, Geophys.
Res. lett., 32, doi:10.1029/2005GL023456.

11. Parker G. et al. : 1998, Jou. Hydraul. Eng.,
124, 985.

12. Buhler P.B. et al.: 2014, Icarus, 241, doi:
10.1016/j.icarus.2014.06.028.

13. Barnhart C. J., Howard A.D. and Moore
J.M.: 2009, Jou. Geophys. Res., 114, E01003,
doi:10.1029/2008JE003122.

14. Matsubara Y., Irwin R.P., and Howard A.D.:
2014, 45th Lunar and Planetary Science Con-
ference, Abstract #2533.


