
 

 
 
 
 

Cosmogenic nuclides, primarily 10Be, have revolutionized our understanding of erosional 
systems. Both 10Be produced within minerals (in situ) and that produced in the atmosphere 
(meteoric) provide useful information about the rate and spatial distribution of erosion. Early work 
quantified bare rock erosion rates on single outcrops by measuring 10Be produced in situ by 
cosmic-ray bombardment1. A decade later, the in situ method expanded to consider the scale of 
drainage basins through the analysis of fluvial sediment2. Soon after, more complex, process-
oriented studies began to quantify the mass flux of sediment down hillslopes and the rate of soil 
formation3. Meanwhile, meteoric 10Be was being employed to understand both hillslope and fluvial 
processes, including human-induced erosion4. Recently, both meteoric and in situ 10Be have 
been used as sediment tracers in fluvial networks to help pinpoint the source of sediment in 
transport5. 
 
After three decades of data collection, one can look back at thousands of measurements made in 
samples collected from dozens of field areas. Some themes emerge6. Bedrock erosion rates, 
typically measured in samples collected from outcrops along ridgelines, are usually slower than 
basin-scale erosion rates inferred from 10Be concentrations in fluvial sediment, which integrates 
processes active across entire landscapes. Basin-scale erosion rates scale positively with a 
variety of topographic metrics including average basin slope and relief. Tectonic setting, 
expressed as the intensity of seismic shaking, correlates positively with erosion. In well-indurated, 
quartz-rich rocks, lithologic influences are subtle. 
 
Looking beyond erosion rates, we have employed 10Be in several novel ways.  In New Zealand 
and northeastern North America, we have used the concentration of meteoric 10Be in fluvial 
sediment to fingerprint sediment sources in river systems, in one case showing the influence of 
massive landsliding and in the other showing that sediment sourced from different elevations is 
isotopically distinct. In Greenland, high concentrations of meteoric 10Be in silt extracted directly 
from the ice sheet suggest low rates of glacial erosion and the likelihood of significant interglacial 
retreat and soil development7. In contrast, clasts collected alongside the silt samples contain 
extremely low concentrations of in situ 10Be suggesting grain-size dependent sources and 
perhaps erosion histories8. 
 
While estimating erosion and sediment generation rates as a function of lithology, tectonic setting, 
and climate may well continue to be the bread and butter of cosmogenic nuclide analysis, using 
these isotopes as tracers offers great potential to determine better the sources and fate of 
sediments over 101 to 105 year time scales. 
 
References 
1Nishiizumi, K. et al., Production of 10Be and 26Al by cosmic rays in terrestrial quartz in situ and 
implications for erosion rates. Nature 319 (6049), 134 (1986). 
2Brown, E.T. et al., Denudation rates determined from the accumulation of in situ-produced 10Be 
in the Luquillo Experimental Forest, Puerto Rico. Earth and Planetary Science Letters 129, 193 
(1995); Bierman, P. R. and Steig, E., Estimating rates of denudation and sediment transport using 
cosmogenic isotope abundances in sediment. Earth Surface Processes and Landforms 21, 125 
(1996); Granger, Darryl E., Kirchner, James W., and Finkel, Robert, Spatially averaged long-term 
erosion rates measured from in situ-produced cosmogenic nuclides in alluvial sediments. Journal 
of Geology 104 (3), 249 (1996). 
3Small, Eric E., Anderson, Robert S., and Hancock, Gregory S., Estimates of the rate of regolith 
production using 10Be and 26Al from an alpine hillslope. Geomorphology 27 (1-2), 131 (1999); 

(Talk) 

Three decades tracing erosion and sediment with cosmogenic nuclides - where 
do we go next?  

Paul Bierman, Eric Portenga, Luke Reusser, Joseph Graly, Lee Corbett 
and Jaron Borg, University of Vermont 



Heimsath, Arjun M., Dietrich, William E., Nishiizumi, Kunihiko, and Finkel, Robert C., Cosmogenic 
nuclides, topography, and the spatial variation of soil depth. Geomorphology 27 (1-2), 151 (1999). 
4Brown, L et al., Erosion of the eastern United States observed with 10Be. Earth Surface 
Processes and Landforms 13, 441 (1988); Valette-Silver, J. N. et al., Detection of erosion events 
using 10Be profiles; example of the impact of agriculture on soil erosion in the Chesapeake Bay 
area (U.S.A.). Earth and Planetary Science Letters 80 (1-2), 82 (1986). 
5Reusser, L. R. and Bierman, P. R., Tracking fluvial sand through the Waipaoa River Basin, New 
Zealand, with meteoric 10Be.  . Geology 38 (1), 47 (2010); Clapp, E., Bierman, P.R., and Caffee, 
M., Using 10Be and 26Al to determine sediment generation rates and identify sediment source 
areas in an arid region drainage basin. Geomorphology 45 (1,2), 89 (2002). 
6Reuter, J. et al., presented at the International Geological Conference, Florence, 2004 
(unpublished); Portenga, E. W., Bierman, P. R., and Rizzo, D. M., A global summary and analysis 
of exposed bedrock erosion rates estimated using in situ 10Be. Geological Society of America 
Abstracts with Programs. Paper No. 244-1 (2009). 
7Graly, J. A. et al., Relict soil entrainment in Pleistocene ice through open- system regelation: 
latitudinal variation in the western Greenland ice sheet. Geological Society of America Abstracts 
with Programs Paper No. 244-9 (2009). 
8Corbett, L.B. et al., In situ cosmogenic 10Be estimates of deglaciation timing and glacial erosion 
efficiency, Upernavik, Western Greenland. Arctic Workshop, Winter Park, CO. (2010). 
 


