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Introduction: Crater population studies allow to
determine the relative ages of the main geological units
of the surface of Mars [1,2,3]. The absolute chronology
deduced from these crater counts depends on the im-
pact sources flux to the terrestrial planets through time.
Studies on the Earth and on the Moon suggest that the
crater production rate has been constant to within a
factor of 2 to 4 over the last 3 Gy [4]. The surface of
the Moon has well recorded the earlier bombardment.
The impact flux during the last 3 Gy has saturated the
surface. In parallel, the impact history is poorly con-
strained on Earth because the surface has been modi-
fied through time by many active processes (erosion,
tectonic, sedimentation…). The surface of Mars has
not known very active processes like on the Earth dur-
ing the last 3 Gy and so offers a remarkable surface to
study the impact flux during this period. The ideal
Martian geological process to study the impact flux
would produce surfaces of different ages with a known
occurrence during the last 3 Gy. The ages of the land-
slides of Valles Marineris canyons, the equatorial
through system of Mars, range from 3 Gy up to the last
100 My [5]. We then propose to study the crater
population of the Valles Marineris landslides. First, the
method of determination of the absolute ages of these
landslides will be presented. Then, the temporal distri-
bution of Martian landslides and the implications on
impact rate of the last 3 Gy will be exposed.

Method of dating Valles Marineris landslides:
Valles Marineris is affected by about 60 landslides.
These landslides are mainly composed by thin and
widespread debris aprons which offer remarkable sur-
faces having recorded impact history since the land-
slides formation. With the high resolution images from
Mars Global Surveyor mission (MGS) (Mars Orbiter
Camera narrow angle, MOC) and from Mars Odyssey
2001 mission (THermal Emission Infrared System,
THEMIS), an individual coverage of Valles Marineris
landslides is available allowing the study of the crater
population of each landslide. Reported in a diagram
crossing incremental number of craters vs. square root
2 diameter bin (Hartmann’s representation, [6]), the
crater populations could be compared with isochrones
which have been established by extrapolation of the
lunar cratering chronology [6]. These isochrones have
a factor 2 to 3 uncertainty partly due to the extrapola-
tion from the lunar data and due to the estimation of the
constant crater production rate during the last 3 Gy [6].

Crater distributions of 56 landslides have been estab-
lished. Two kinds of distribution have been observed.
In the first distribution, all the points follow the iso-
chrones (fig.1). In this case, the age of the formation
was unambiguously determined. The second case cor-
responds to the crater distribution whose slope is lower
than the isochrons. This distribution can express a con-
stant refreshing process for which the small craters
disappear more quickly [6]. In that case, the point cor-
responding to the largest craters was used to determine
a minimum age of the object.

Fig.1. Two kinds of crater count distributions a) the
whole crater distribution follows the isochrons, b) the
whole crater distribution has a lower slope than the
isochrons. Isochron diagram used in this study is
Hartman’s representation [6].

Temporal distribution of the landslides: The 56
ages and minimum ages range from 3 Gy to 50 My [5].
With the 56 landslide datings, the distribution of the
landslides with time has been studied. We chose a cu-
mulative representation of the number of landslides vs.
the time (fig.2) in order to take into account the mini-
mum ages measured with a crater count distribution of
b-type (fig.1). The occurrence of landslides increases
with time. In order to prove that the trend does not de-
pend on the quality of the data and on the integration of
the minimum ages in the statistics, we choose to repre-
sent only the best constrained ages. The chosen ages
correspond to crater distributions which follow the
isochrons for at least more than 3 crater diameter bins.
This selection excludes the minimum ages. We observe
that the temporal distribution of the 26 best constrained
ages has the same exponential shape than the distribu-
tion of the 56 landslides (fig.2).
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Fig.2. Temporal distribution of the landslides. The
error bar of the ages corresponds to the uncertainty of
2. The 56 datings are in black and the 26 best con-
strained ages of landslides in red.

The temporal distribution of the landslides shows a
regular increase of landslide occurrences with time.
The tendency could be interpreted in term of triggering
factors. This implies that the factors initiating the land-
slides like impact cratering or tectonic related seisms
increase with the time. This hypothesis is contrary to
the fat that cratering rate should decrease or be con-
stant with time and with the decrease of the tectonic
processes since 3Gy [7].

Derivation of the impact rate during the last 3
Gy: An other hypothesis is that the increasing trend is
not realistic and is only due to a shift in the position of
the isochrons in the crater count diagram. Assuming
that the landslides activity was constant through time (a
minimum scenario), we have quantified this shift. For
that, we have projected the age distribution and the
extremities of the error bars on theoretic constant dis-
tributions. Thus, the determined ages (in blue fig. 3)
was projected on the blue line (fig.3), the minimum
ages on the green line (fig.3) and the maximum ages on
the red line (fig.3).

The absolute ages have uncertainty of a factor 2 [8].
This error bar is theoretic because the factor 2 for the
oldest ages gives ages older than Mars. In the present
study, the maximum age is limited by the age of Valles
Marineris which developed during the Hesperian pe-
riod (3.7 Gy to 3.3 or 2.9 Gy [6]). If the oldest land-
slides have the age of Valles Marineris, then they can-
not be older than 3.7 Gy. In that case, the possible error
bar on the left side on the measure is only of 1.25
(fig.3).

Fig.3. Temporal distribution of the landslides and
the used error bar.

The results lead to a spacing of the isochrons implying
that the impact flux decreased with time during the last
3 Gy. The impact flux decreases with an improbable
factor larger than 10 for the case of the minimum ages,
with a factor of 10 for the determined ages and with a
factor of 3 for the maximum ages. The decrease of a
factor 3 is a realistic value. Indeed, evolution models of
the main asteroids belt (main source of impacts on
Mars) predicate a decrease of the meteoritic flux from
asteroid belts by a factor of 2 from 3 Gy ago until pres-
ent time [4, 9]. The results of the present study so
seems to support that the impact flux decreased by a
factor of 3 during the last 3 Gy and that the real abso-
lute ages deduced from crater count studies are proba-
bly older by a factor of 1.25.

Conclusion: The study of the crater population on
landslides deposits, a time-spreading phenomenon
during the time, allows to return to the method of age
determination from crater count studies. The temporal
distribution of Valles Marineris landslides has an in-
creasing exponential trend. This trend can not be easily
interpreted in term dynamics of landslides and could
rather translate errors in the postulates of the method of
absolute age determination.
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