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INTRODUCTION

Quantifi cation of spatial and temporal variations in denudation of tec-
tonically active areas can provide key insights into mountain belt evolu-
tion. For example, spatial variability in mountain denudation rates can 
help identify tectonically active structures and determine surface uplift 
rates. Temporal variability can reveal the timing of tectonic events and 
can clarify the relative roles that tectonics and climate play in driving 
rock uplift and denudation of orogens. Long temporal records of denu-
dation also provide a means of assessing the steadiness of mountain ero-
sion and topography through time.

Spatial variations in denudation rate can be quantifi ed simply by col-
lecting samples distributed across a broad region, but temporal varia-
tions are more challenging, requiring measurements over different time 
scales. Rates of long-term rock exhumation are often inferred from zir-
con fi ssion-track (ZFT), apatite fi ssion-track (AFT), and apatite (U-Th)/
He (AHe) thermochronometers, which average denudation over rela-
tively long time scales (105–108 yr) (e.g., Ehlers and Farley, 2003; Rein-
ers and Brandon, 2006). Over shorter time scales (102–105 yr), denuda-
tion rates can be determined using cosmogenic nuclides such as 10Be 
(e.g., Gosse and Phillips, 2001). Beryllium-10 concentrations in alluvial 
sediment are particularly useful indicators of landscape-scale denuda-
tion because alluvial sediment is generally thought to integrate catch-
ment-wide denudation signals (e.g., Bierman and Steig, 1996; Granger 
et al., 1996; Schaller et al., 2001; von Blanckenburg, 2005; Schaller and 
Ehlers, 2006). Spatial variations in catchment-wide denudation can be 

related to the proximity of tectonically active structures (Wobus et al., 
2005). Furthermore, catchment-wide denudation rates derived from cos-
mogenic nuclides can be compared to long-term rock exhumation rates 
derived from thermochronometers to evaluate temporal variations in 
denudation (e.g., Kirchner et al., 2001; Matmon et al., 2003; Vance et al., 
2003; Wittmann et al., 2007; Cyr and Granger, 2008), providing insights 
into mountain belt evolution. However, because these methods average 
denudation over different time periods, they have differing sensitivities 
to geomorphic processes; the degree to which these factors affect direct 
comparisons between geochronometers has not been fully explored.

We investigated spatial and temporal variations in denudation of the 
north-central Wasatch Mountains, an area with a high density and qual-
ity of existing geochronologic data. Our objectives were twofold: (1) to 
evaluate spatial variations in catchment-wide denudation rates derived 
from cosmogenic 10Be concentrations in alluvial sediment, specifi cally 
testing whether erosion rates correlate with proximity to or distance 
along the range front fault, and (2) to evaluate temporal variations in 
denudation of the Wasatch Mountains by comparing our 10Be-based 
catchment-wide denudation rates with previously published long-term 
exhumation rates derived from thermochronometers and with shorter-
term vertical fault displacement rates.

GEOLOGIC SETTING OF THE NORTH-CENTRAL WASATCH 

MOUNTAINS

The Wasatch Mountains, reaching >3.4 km in altitude, have been 
uplifted in the footwall of the west-dipping Wasatch fault zone (Fig. 1), 
one of the most extensively studied segmented normal faults in the world. *E-mails: greg_stock@nps.gov, kfrankel@gatech.edu.
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ABSTRACT

We evaluate spatial and temporal variations in denudation of the north-central Wasatch Mountains, Utah, by determining catchment-wide 
denudation rates with 10Be concentrations in alluvial sediment and comparing these rates with previously published data on rock uplift and 
exhumation of the range. Catchments draining the range front show relatively little variation in denudation rate (0.07–0.17 mm/yr), while 
steeper (mean hillslope gradient >30°) catchments in the core of the range show larger variation (0.17–0.79 mm/yr). We attribute the larger 
spatial variation in catchment-wide denudation in the core of the range to landsliding of hillslopes at threshold gradients; faster denudation 
in this region may signify landscape adjustment to late Pleistocene glaciations. The mean denudation rate for all catchments (0.2 mm/yr) is 
generally consistent with longer-term exhumation rates derived from thermochronometers and with shorter-term vertical fault displacement 
rates, suggesting that denudation of the north-central Wasatch has been roughly steady, or decreasing slightly, over the past 5 m.y. Although 
10Be-based catchment-wide denudation rates are sensitive to localized geomorphic processes and events, overall, they appear to refl ect the 
larger tectonic forces that have driven denudation of the Wasatch Mountains over longer time scales.
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