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Current uplift rate in the Alps (Sternai et al., 2019)

Seismicity map in Southern France (Marin et al., 2004)

• SW Alps and Provence: apparently slow uplift
rates (<=0.5 mm/yr)

• Small magnitudes but intense seismicity
• Apparently no (or very slow) current

horizontal shortening

What causes the seismic deformation ?
Is erosion in equilibrium with uplift ?
What is the role of post-glacial erosion ?
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Building a database of river incision rates 

SW French Alps (Var catchment)

LGM glaciers restricted to high altitude areas 
(Mercantour Massif) and upper river (Tinée,Vésubie) 
valleys

Fluvial incision dated by Cosmic Ray Exposure (CRE) in 
different points of the catchment (Saillard et al., 2014; 
Rolland et al., 2017; Petit et al., 2019)
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Bès River

Provence (Durance catchment)

The Bès River, a triburaty of the Durance River runs
~NS across the subalpine and Provence fold and 
thrust belt.

Its headwaters are at relatively low altitude (~2000m) 
and out of influence of quaternary glaciers.
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What do we know ?
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Points 1 and 2: recent (10-12 ka)  and extremely fast incision
(7-10 mm/a): transient (post glacial) process ? 
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What do we know ?
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Points 3, 4, 5: rather noisy but mean incision rate between 1.2 
and 2.3 mm/a since ~20 ka
Maybe a decrease of the incision rate after 10-15 ka ?
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What do we know ?

Point 6: Very nice trend (1 mm/a) after 10ka. Lower incision 
rate before that time ?
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What do we know ? + new data

New point in the Bevera River
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Point 6 + Bevera River : Seems to confirm low (<0.5 mm/a) 
incision rate before 10 ka and higher (1 mm/a) after that time.
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What do we know ? + new data
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New point in the Bès River (Durance catchment)



Rock fall events : reset of CRE ages

Bès River: very noisy. Ages rejuvenation due 
to rock falls (Cardinal, 2019)

Other points of the Bès River: low incision 
rates (0.5+/-0.3 mm/a)

New point in the Bès River (Durance catchment)
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Putting all together

High altitude headwaters:

• High altitude (> 900m) points show 
transient, fast incision after the 
Younger Dryas

• Low altitude points show a decrease
of the incision rate after 10-15 ka

Low altitude headwaters:

• Remarkably constant incision rate 
after 10 ka around 1 mm/a

• Slightly lower between 20 and 10 ka

Points 1, 2 Points 3, 4, 5

Points 6, Bevera, Bès



Going a bit further…
• Why is the Bès incising slower than the Estéron, Bévéra and Vésubie 

Rivers ?
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We compare incision rates measured between 10 
and 0 ka and those predicted by the stream power 
law (SPL*) using morphological analysis of the 
river longitudinal profile and catchment area:

Theoretical incision 
rate (mm/a)

Measured incision 
rate (mm/a) / error River
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𝑑𝑡
= 𝐾𝐴𝑚𝑆𝑛

with m=0.5, n=1 and K = 5.10-7m1-2m.s-1
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BEVERA

ESTERON Why is this one slower ?

- Different erodibility ? Unlikely (same upper
Jurassic carbonates, approx. same
precipitation rate)

- Different m/n ratio? Possible (but difficult to 
measure due to large lithological contrasts)

- Different uplift rate ? Not impossible…

Three different catchments in SW French 
alps, but they obey the same SPL (i.e., the 
same m, n and K parameters)

SPL incision rate (mm/a)



Conclusions

• River incision rates show striking differences depending on whether they were or 
not under the influence of quaternary glaciers. 

• Rivers out of the influence of glaciers show a much lower incision rate just after
the LGM compared to those which had glaciated headwaters

> strong influence of glacial meltwaters after the LGM

• Catchments of SW Alps show a remarkably constant incision rate of ~1 – 2 mm/a 
after 10 ka.

• Incision rate of the Bès River in Provence is not well constrained but probable 
twice as low.

• Is this due to a different uplift rate ? To be continued…


