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Objective
What processes control the long-term evolution of the Lannemezan megafan?

We test hypotheses on the mechanisms at play in the abandonment and incision of the megafan through numerical
modelling. We explore the respective effects of potential forcing factors, including autogenic dynamics, climate change,
tectonic tilting, and base level change, on trends and patterns of incision (time and space scales, amplitudes).

The Lannemezan megafan:
In the northern foreland of the Pyrenees (France), the Lannemezan megafan (13,000 km2) was built
during the Miocene by the erosional products of the mountainous Neste river catchment, and was
abandoned during the Quaternary (onset of incision at = 300 ka, Mouchené et al., 2017). The Neste
turns sharply to the east at the megafan apex and incises the fan head >100m vertically before
merging with the larger Garonne River at its mountainous outlet; this drainage pattern suggests the
capture of the Neste by the Garonne. The episodic abandonment alluvial terraces along the rivers of
the northern foreland during incision may be related to changing fluvial dynamics during shifts between Quaternary
cold and warm climatic phases (Moucheneé et al., 2017).
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Conclusions

Numerical modelling has provided (i) new insight into the building and incision of a foreland MF and (ii) key elements to

infer the evolution of the Lannemezan MF and its mountainous catchment in the northwestern Pyrenees.

The role of preexisting transverse rivers across the foreland (Adour, Garonne-Ariege) seems to be critical in the building

and incision of the MF: their spacing controls the size of the fan, limit its extension and efficiently evacuate water and
sediments out of the MF. The MF grows in response to the autogenic oscillations between sheet-flow and channelized flow.

Autogenic processes seem to be sufficient to explain the permanent entrenchment of the river network and abandonment
of the Lannemezan MF through: (i) progressive headward incision of a stream from the foot of the fan and (ii) capture

of the feeding river at its mountainous outlet, (iii) rapid entrenchment of the apex and abandonment of the MF. No external
forcing is needed to induce long-term entrenchment but external factors cannot be ruled out. In particular, on a shorter
timescale, incision may have been influenced by Quaternary climatic variations as suggested by the abandonment of
alluvial terraces along the foreland rivers. In contrast, base-level changes, tectonic activity in the mountain range or

tilting of the foreland through flexural isostatic rebound appear to be unimportant factors in the abandonment of the MF.
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