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The movement of sediment from mountainous uplands to continental
margins, i.e. the sediment cascade, modifies the terrestrial surface and
eventually drives the rate of topographic evolution. Understanding the
pattern and rates of geomorphic mechanisms involved in the sediment
cascade is of crucial importance to constrain biogeochemical cycles, longterm landscape evolution and potential feedbacks between tectonics,
erosion and climate. Sediment cascading systems are still poorly
constrained, as sediment budgets and connectivity can be highly variable in
space and time due to the stochastic character of geomorphic processes.
In an effort to improve our quantitative understanding of the sediment
cascade in landslide-prone environments, this doctoral dissertation aims at
constraining spatio-temporal sediment dynamics over annual to millennial
time scales. We applied state-of-the-art geomorphic techniques to constrain
sediment budgets and connectivity for a mountainous catchment located in
the foothills of the Central Swiss Alps. At the annual time scale, we
monitored topographic changes using 3D topographic reconstructions
derived from aerial pictures acquired by a drone, and at the millennial time
scale, we quantified catchment-scale denudation rates using in-situ
produced cosmogenic radionuclides.
By integrating sediment fluxes over different temporal scales, it becomes
clear that geomorphic process rates in landslide-prone terrain are highly
variable in space and time. Periods of sediment remobilisation by landsliding
on the hillslopes do not necessarily coincide with sediment pulses in the
river network. Only when hillslopes are geomorphically connected to the
river channels, the sediment mobilised by landsliding on the slopes is
effectively transferred to the channel network. Therefore, phases of low or
high geomorphic activity in upland catchments are not necessarily indicative
for the long-term sediment fluxes of mountainous catchments. Their spatiotemporal sediment dynamics are rather driven by the magnitude and
frequency of the geomorphic coupling between hillslopes and channels, and
not so much by episodic sediment pulses generated by individual landslides
at annual or decadal time scale.

