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Rock erodibility plays a central role in setting topographic limits on relief development and is a key parameter in

landscape evolution models. However, channel bed erodibility (K) is usually either fixed arbitrary or let varying

over a wide range of values because it is difficult to estimate. The topography of ancient orogens offers

favourable conditions to quantify bedrock erodibility through the stream profile analysis, because the channel

steepness is directly related to rock erodibility rather than rock uplift or climate variability. The Anti-Atlas is a

Variscan (Paleozoic) orogen of NW Africa that has not been drifted for long distances over the late Cenozoic. It is

characterized by a well preserved uplifted relict landscape with rather uniform erosion rates since at least the last

120 - 100 Ma. This specific configuration allows studying in detail landscape erosional dynamics and erodibility.

Here, we combine geomorphic analysis of stream profiles with in situ-produced cosmogenic concentrations

(10Be) in river sediments, to decipher the surface evolution of the AntiAtlas and the Siroua Massif. For the relict

landscape, basin-wide denudation rates range between 5 and 20 m/Myr and agree with longer term denudation

estimated from eroded volumes of Miocene volcanics and from thermochronologic data, suggesting that the

regional topography attains a dynamic equilibrium.

Our results demonstrate the main role of rock-type in sustaining a tectonically inactive landscapes. The striking

correlation between denudation rates and normalized channel steepness index per different rock-types, allows

estimating bedrock erodibility varying by a factor of 3 among different rock-types, and highlights the key role of

lithological control on topographic growth of the ancient mountain belts.
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The Anti-Atlas belt represents the southern part of Atlas orogenic system of Morocco, North Africa. It 

represents a mountain belt composed of Precambrian and Paleozoic rocks deformed during the Variscan

orogeny. However, the present-day topography results from a late Cenozoic uplift that led to topographic 

rejuvenation.



Regional topographic analysis

The Anti-Atlas is characterized by

low-relief topography rising up to

more than 2000 m. A regionally

widespread, series of non-lithological

knickpoints demarcates the lowest

and highest slope portions of the

Anti-Atlas landscape, suggesting the

occurrence of late Cenozoic regional

uplift.



Our catchment-averaged erosion rates from  10Be 

concentrations are uniformly distribuite along strike.
10Be-derived denudation rates (timescales of 105 yr) are 

in close agreement with long-term estimates from the 

eroded volume (timescales 106 yr) and 

thermochronological data, suggesting an equilibrium 

landscape of uplifted relict landscape of Anti-Atlas.

Anti Atlas and Siroua Massif denudation rates

Denudation rates across time scales



The belt consists of large Precambrian basement

inliers (“boutonnières”) exposed all along the axial

zone over a wave length of ca. 50 km.

The main quartz contributing lithologies are

basement (mainly granites, conglomerates,

quartzites) and sedimentary rocks mostly Cambrian

and Ordovician sediments, exposed in the highest

portions of the sampled catchments (i.e., upstream

of the knickpoints).

Anti Atlas and Siroua Massif geological map



Lithological control on erosional dynamics

The basin-averaged slope displays a linear

correlation with ksn values at basin scale,

showing a significant correlation with the

rock-types as well. Denudation and

precipitation rates do not correlate

significantly with slope, ksn or rock-type

across the sampled basins.

Linear correlation between the averaged ksn

and denudation rates is observed when

discriminating different rock-types. This

correlation allows estimating the erodibility

parameter, which varies by a factor of 3

among quartzite and granite dominated

basins.



Lithological control on erosional dynamics

The relief reduction for quartzite rock is three times lower than granite rock at the cosmogenic nuclides

time scale, however more than 1000 m and less than 100 m of local relief is observed for quartzite and

granite patches. This suggest that erosional dynamics are shaping the landscape over the longer time

scales.



Lithological control on erosional dynamics

The resulting erodibility parameters vary by a

factor of 3 from quartzite to granite dominated

basins (Fig. 4B). Moreover, the range of

erodibility is 10-7 to 10-6 m0.1/yr for a ref of

0.45, which is consistent with erodibility

estimates obtained from the Blue Ridge of the

Appalachians (green box in figure, Gallen et al.,

2018).



Conclusions

- Our results show the persistence of an uplifted relict landscape in the Anti-Atlas belt, already described as

‘High Erosional Surface’ (Choubert, 1952 and Missenard et al., 2008; Guimera et al., 2011).

- The close agreement between short- and long-term erosion rates and the key role of rock strength on

landscape evolution support the idea of a steady-state topography.

- This primary role of lithology in declining and creating topographic relief is testified by the strict correlation

between basin-wide denudation rates, ksn and slope values for different rock-types, conversely to what is

usually observed in the active tectonic settings. Moreover, Anti Atlas erodibility ranging between 10-7 and

10-4 m(n-2m)/ yr. This values are consistent with erodibility estimates obtained from the Blue Ridge of the

Appalachians (Gallen 2018) for the same Paleozoic-Precambrian rocks, which represents the north America

counterpart of the Variscan orogen.
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