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Fig 5: A: Proportion of total erosion due to landslide scar larger than a given scar size, against scar size. As a proportion it is 

independent of the absolute erosion rate (i.e., the landslide mean frequency) but only depends on , explaining the almost identical 

curves for MIL ( ~1.5) and EQIL ( ~1.43). B: Size-frequency distributions for the scar areas of landslides induced by the 2015 

Gorkha earthquake, recent monsoons (2010-2017, excepting 2015), and large landslides in the last ~46 years. Estimated size and 

frequency of giant landslides during the Holocene is shown in black. The blue and red lines are the least-square power-law fits with 1010 
1-sigma uncertainty range, of the landslide frequency for the Gorkha catalogue and the combined monsoon catalogues (7-years 

catalogue up to 0.07km² and 46 year catalogue for larger landslides, i.e., ignoring the open symbols), respectively. The blue dashed 

lines are modelled scenarios for the representative earthquake-induced landslide size-frequency distribution. They include a 

correction for post-seismic landsliding (+15%) and a factor ~3 increase to account for the contribution of Mw 6 to 9 earthquakes. 
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Figure 6: Mean landslide erosion (dash-dot line), earthquake contribution to long-term erosion relative to a Mw 7.9 earthquake 

(solid line), earthquake frequency (crossed line) and earthquake-induced landslide distribution area normalized by a reference area 1045 
of 105 m2 (dotted line), plotted against earthquake magnitude. For each variable the upper, middle and lower curves are for seismic 

source depth of 10, 12.5 and 15km, respectively.  
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Fig 7: Long-term erosion rates (circles with uncertainties bar) obtained by integrating and summing the earthquake and monsoon 

best fit distributions (converted into volume), as a function of the modelled decay exponent of the size distribution of EQIL (A). 

EQIL distribution takes into account all earthquake magnitudes as well as the post-seismic landslide contribution. The proportion 

of erosion due to earthquakes in the different scenarios is shown by the black diamonds, and the range of erosion rates obtained by 

independent methods are shown as shaded boxes. Erosion rates estimated from fluvial sediment budget (1 to 10 year scale, B), 10 1060 
Beryllium catchment wide concentration (1000 year scale, C) and thermochronometric methods (Million year scale, D), in Central 

Nepal (blue) and the Himalayan arc (red). In A and B, we visualize the data for catchments between 100 and 5000 km², thus excluding 

main rivers draining large areas. Sediment budgets are from Rao et al. (1997) (Chenab), Ali and De Boer (2007) (Western syntax), 

Gabet et al., (2008) (Central Nepal), and Wulf et al., (2012) (Sutlej). 10Be measurements are from Wobus et al., (2005) and Godard 

et al., (2012, 2014) for Central Nepal,  Scherler et al., 2014 in the Sutlej, Portenga et al., (2015) in Bhutan, and Abrahami et al., (2016) 1065 
in Sikkim. Boxplots show 25, 50 and 75 percentiles, whiskers are the furthest data within a distance equal 1.5 times the interquartile 

range beyond the boxlimit, and data beyond whiskers are shown as crosses. For thermochronometric data we report the mean and 

standard deviation of the denudation of the models best explaining the age compilation done by Thiede and Ehlers (2013), for the 

Greater Himalayas sequence in the Western syntax, the Sutlej, Central Nepal and Bhutan. In Sikkim erosion estimates for within 

and without a zone interpreted as a duplex is from Landry et al., (2016) and Abrahami et al., (2016), respectively. 1070 
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Fig 8 : A: Estimation of the time required for averaging the statistical variability of landslide erosion (taken as 3/[fmax.Ased]), as a 

function of the size of the sediment source areas, Ased, and the properties of the landslide size-frequency distribution. Typical 

catchments areas in Himalayan studies, as well as downstream sampling site at Narayanghat or Harding Bridge are indicated, 1095 
together with the range of averaging time for 10Be measurements, suspendedfluvial sediments and thermochronometric methods. 

Note that thermochronometric cooling ages are point measurements, but nearby sample are highly correlated up to 10-30km 

distance (Fox et al., 2016) as long as there are no breaks in tectonic/erosional context (Schildgen et al., 2018). Hence, we consider this 

methods can be used for spatial scales of ~100-1000 km², consistent with the catchment scales at which detrital thermochronometry 

seems to be valid (Ruhl and Hodges, 2005).  The time scale is inversely proportional with the source areas, but increase strongly with 1100 
the maximal landslide scar area and the size-frequency power-law exponents (, or equivalently the return time of the largest 

landslides). Increase or reduction of the overall landslide frequency would result in a proportional changes in the averaging 

timescale. B: Proportion of erosion not sampled by 10Be measurements averaging over 600 years against the sediment source area 

sampled. This estimate is based on the proportion of total erosion due to landslide larger than the one with a 600 year return in the 

Himalayas (Fig 5), considering MIL and Mw-corrected EQIL frequency with a decay similar to the Gorkha earthquake (solid line) 1105 
or more heavy-tailed (dashed). 


