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Why?



Outcrop Erosion Rate Difficulties

• Tends to be slow and unnoticeable over 

the span of a human’s lifetime

• Tombstone studies

– Matthias (1967)

– Judson (1968)

– Rahn (1971)



Rahn (1971)



• Hack (1960) suggests 

that topography of 

landscapes is heavily 

influenced by lithology
– Granite → resistant → large positive 

relief

– Shale → not resistant → low relief

• Reuter et al. (2004) 

discovered that 

lithology does not play 

as important a role in 

controlling erosion 

rates

Reuter et al (2004)



• How quickly does exposed bedrock erode?

• What physical parameters hold control over 
erosion rates?

• Are there patterns in global exposed bedrock 
erosion rates?

• How do erosion rates determined by 
cosmogenic radionuclide methods compare to 
other methods?

Questions



Objectives

• Determine erosion rates from exposed bedrock 
samples in the Appalachian Mountains using the 
10Be method (n≈40)

• Compile 10Be exposed bedrock erosion rates 
from the current literature and look for spatial 
patterns

• Compare exposed bedrock erosion rates with 
those determined by the basin-scale approach

• Compare 10Be exposed bedrock erosion rates 
with other thermochronometers
– Apatite Fission Track Thermochronology

– (U-Th)/He





Adapted from Bierman & Nichols (2004)

10Be Production Rates



Quartz is most commonly used mineral 

for 10Be erosion rates

–Ubiquitous mineral phase

–Easy to separate atmospheric 10Be from 

in-situ 10Be

–Easy to separate quartz from other 

mineral phases



Global Exposed Bedrock Analysis

• Many cosmogenic radionuclide erosion 

studies utilize the basin-wide average 
10Be method

• Very few look only at exposed bedrock







Global 10Be Erosion Data



Physical Parameters

• Latitude

• Elevation

• Lithology

• Mean annual precipitation

• Mean annual air temperature



Latitude



Elevation



Lithology



Mean Annual Precipitation



Correlations in MAP

Australia data from Bierman & Caffee (2002) Namibia data from Bierman & Caffee (2001)



Average Air Temperature



Field Methods

• Collect ~40 samples 
from the Appalachian 
Mountains

• Areas already 
sampled and analyzed 
for the basin-wide 
method

• GIS analysis to narrow 
areas of outcropping 
bedrock













Laboratory Methods

• Rock crushing to produce monomineralic 

grains

• Mineral Separation

• Acid baths (HF/HNO3)

• ICP-OES analysis, testing quartz purity

• Cation exchange to separate Al from Be

• AMS analysis at Lawrence Livermore NL



Timeline

May 2009 •Field Work

Summer 2009 •Sample Prep

•Lab work

•Prepare abstract for GSA

Fall 2009 •Progress Report

•Sample Analysis at LLNL

•Attend GSA

•Start writing thesis

•Take statistics course

Winter 2009/2010 •Continue writing thesis

Spring 2010 •Defend thesis

•Joint NE/SE GSA


