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Sample Site Description 

 

Figure DR1. Aare sampling sites AI (upper picture; October 2008) and site AI2 (lower picture; October 
2010). Site AI2, which is 1.5 km upstream of AI (see Fig. 1, main text) was chosen after earthworks at 
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site AI in late summer 2010. The bar at site AI, made of gravel and sand, has been located in the centre 
of the modern stream in a relatively stable position. Although the channel is man-made confined at the 
sampling site, the natural condition starts at the end of the visible part of the channel in the picture (~500 
m upstream). Sample site AI2 is a lateral bar made of cobbles, gravels and sand, in a natural gorge-
confined channel.  

 

The Spreitlaui Debris-Flow Torrent 

 We supply a map of the Spreitlaui debris-flow torrent to emphasize on the different regions and 
sources affected during the 2009 and 2010 debris-flow events. Drainages have been mapped by 
measuring the concavity perpendicular to the flow direction from a DEM. A threshold value was set 
qualitatively, to provide a good representation of channel structures in the landscape. This is an 
appropriate technique to extract channels in DEMs representing formerly glaciated landscapes where 
critical slope-area thresholds do not play a large role for channel initiation (Brardinoni and Hassan, 
2006; Brardinoni et al., 2009; Montgomery and Dietrich, 1992; Pirotti and Tarolli, 2010). This method 
gives the possibility to use an objective criterion for channel assessment. However, the extracted 
drainages depend on the DEM pixel size (here 25 m). 

 

 

Figure DR2. Sketch of the Spreitlaui torrent showing the zones and sources that underwent erosion and 
aggradation during the 2009 and 2010 debris flow events. 

 

 



S3 
 

Sample Preparation and Catchment-Wide Denudation Rate (CWDR) Calculation 

 Samples taken from the modern stream were sieved to a grain size of 0.1 – 1 mm, and for two 
samples to splits of 0.1-5 and 0.5 – 1 mm, respectively (Table 1, main text). Samples were treated with 
HCl to remove carbonate compounds, followed by several steps of HF-cleaning steps (Ivy-Ochs, 1996). 
Heavy liquid  treatment removed the fractions above and below 2.62 – 2.69 g/cm-3.  After dissolution of 
the quartz, Be was separated by ion exchange chromatography using standard procedures (Ivy-Ochs, 
1996), precipitated as Be(OH)2 and transformed to BeO at 1000°C. The 10Be/9Be ratios of the ETH 
Zürich Tandem accelerator mass spectrometry (AMS) facility (Synal et al., 1997) using ETH AMS 
standard S555N (10Be/9Be = 87.1x10-12 nominal) (Kubik and Christl, 2010), calibrated to standard 
07KNSTD (Nishiizumi et al., 2007), with a 10Be half-life of 1.387 Ma (Chmeleff et al., 2010; 
Korschinek et al., 2010). 14C extraction and calculations  follow the procedures outlined in Hippe et al. 
(Hippe et al., 2009; Hippe et al., 2012, sent back after revision.). 
 
 Catchment-averaged erosion rates were calculated with CosmoCalc version 1.8 (Vermeesch, 
2007) with scaling to mean effective elevation and latitude according to Stone and the depth propagation 
of cosmic rays after (Granger and Smith, 2000). Density used was 2.5 g/cm-3. Topographic shielding is 
0.95. No snow shielding correction was applied. Production rates used are: total 10Be – 4.67at/g/yr  
(Balco et al., 2008; Heisinger et al., 2002) and 14C – 15.2 at/g/yr (Dugan et al., 2008). 
 
 
10Be Data 
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14C Data 

 
 
For extraction procedures see  (Hippe et al., 2009; Hippe et al., 2012, sent back after revision.) 
 

Grain Size Fraction Effects on TCN-CWDR 

 Grain size fractions mirror catchment processes with larger grains, released by mass wasting 
processes, are tagged with low nuclide concentration and smaller grain sizes, representing slower 
hillslope processes, yielding commonly higher nuclide concentrations (Brown et al., 1998). This 
relationship clearly exists for a threshold grain size at around 1 mm. Below this grain size, which is the 
common grain size range used for CWDR studies, the picture is not as clear (Norton et al., 2011; 
Wittmann et al., 2007). For all samples of this study the  grain size fraction of 0.1-1 mm was analyzed, 
while for two samples an additional split of 0.1-0.5 mm and 0.5-1 mm was analyzed (Table A1). Our 
test with grain size splits of  0.1 – 0.5 and 0.5 – 1 mm compared to our general grain size of 0.1 – 1 mm 
yielded overall homogeneity of 10Be CWDR in the grain size fractions analyzed (Fig. S3).  
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Figure DR3. 10Be concentrations for grain-size splits for samples AI-0610 and AI2-0810. For 
denudation rates see Table 1, main text. 

 

Comparison of Short and Long-Term Denudation Rates and Their Respective Integration Times  

 

Figure DR4. Graphical presentation of the various short and long-term denudation rates and their 
respective integration times available from the literature in the vicinity of the Aare (see Discussion 
section of the main text). 1 - sediment yield (Schlunegger and Hinderer, 2003); 2 - reservoir budgets 
(Anselmetti et al., 2007); 3 - this study; 4 - postglacial sediment budgets/lakes (Hinderer, 2001); 5 - 
TCN cave studies (Haeuselmann et al., 2007); 6 - FT- data (Vernon et al., 2009).  
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 Evaluation of Area-Weighted Mixing of Catchment-Wide Denudation Rates 

 In order to evaluate what nuclide concentrations will potentially be admixed from the Spreitlaui 
debris-flow torrent to the remaining catchment we performed a two component mixing modeling 
approach (Fig. S5). Hereby, published denudation rates for debris-flow areas and low order Alpine 
headwater catchments are taken and admixed with a background denudation rate in an area-weighted 
approach (AB = 40 km2, while the debris-flow area ADF = 4 km2). The background denudation rate is set 
to the  denudation rates from autumn 2008/spring 2009 (mean 0.96 ± 0.18 mm/yr), and is in accordance 
with typical central alpine denudation rates (Wittmann et al., 2007). 

 Previous studies showed that debris-flow dominated or Alpine headwater catchment denudation 
rates range from 1 -7 mm/yr (very light grey box in (Fig. Supp. 2); see discussion and references in the  
main text). Mixing this range of denudation rates with the background denudation rates, the measured 
concentrations at site AI/AI2 (horizontal dark grey bar) after debris-flow events (mean rate mean 1.76 ± 
0.22 mm/yr of AI-0610 and AI2-0810) is only possible by an area-weighted mixing, when the debris-
flow dominated catchment (e.g., Spreitlaui) would contribute sediment with a denudation rates signal of 
>7 mm/yr (black field). In our case particularly a denudation rate of 9 mm/yr would best match this case. 
This denudation rate is rather at the high end of debris-flow denudation rates of low order headwater 
catchments reported for the Alps. By weighting of the debris-flow dominated catchment twice or three 
times by the area (as surrogate for supplying twice/three times as much material) the required debris-
flow subcatchment denudation rates have to be in the range of  5 and 3 mm/yr, respectively, in order to 
yield the measured denudation rates at AI/AI2 (middle and lower panel in Fig. Supp. 2). We therefore 
suggest, that the likelihood is high that the debris-flow dominated catchment contributes more material 
than in an area-weighted approach. In fact, this is supported by field evidence where the sediment supply 
by the debris-flow dominated Spreitlaui torrent was dominating the entire sediment flux during 2009 and 
2010 and where this sediment blocked partially the upstream sediment flux.  

 Note that these simple estimations ignore admixing of material from the sub-catchment 
downstream the entry of the debris-flow dominated catchment. This again would result in slightly lower 
denudation rates required from the debris-flow dominated catchment. 
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Figure DR5. Area-weighted modeling of background, perturbing and resulting mixed CWDR for the 
Aare-Spreitlaui setting. See text above for further information.  
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