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Measuring erosion rates. (January 2002) 

So many landscapes show evidence of changes in the rate of erosion, such as terraces, 
waterfalls and signs of changing rates of sediment deposition, that a means of accurately 
measuring rates opens up an important new phase in geomorphological research.  Precise 
dating of modern surfaces is not possible using stratigraphic or radio-carbon methods, and 
this has hidden much of landform history.  Once a surface is exhumed, it becomes exposed 
to cosmic ray bombardment.  These particles travel at near-relativistic speeds, and so have 
sufficient energy to transmute common element nuclei to unstable isotopes.  The longer the 
exposure of a surface material, the more radioactive it becomes, albeit very weakly so  Since 
erosion and sedimentary processes move and quickly bury particles dislodged from a 
surface, material has a finite time during which it can be irradiated.  The particles 
themselves carry the isotopic signature of their surface residence time, the slower erosion is 
the more radioactive are particles derived from the surface. 

Cosmogenic dating uses sedimentary grains from sands deposited in a drainage basin, 
particularly those of quartz that are common and stable.  Oxygen and silicon in silica can 
become 10Be and 26Al when struck by cosmic rays.  Although sampling is fraught with pitfalls, 
essentially it amounts to scooping up a handful of sand that represents the past erosion of 
the entire catchment above a sample point.  Measuring the minute concentrations of new 
isotopes costs around $1000 per sample, using a high-energy accelerator mass 
spectrometer.  Since dozens of samples provide sufficient data for meaningful 
interpretation, this is not a method that will spread widely to places that come anywhere 
near fully reflecting the intricacies of erosional shifts over the large age range that 
cosmogenic dating can address.  Nonetheless, its early results are astonishing.  Work in 
Idaho suggests that through the period of the last glacial maximum into the early Holocene 
the average rate of erosion was 17 times faster than it is at present.  That possibly signifies 
either continual high erosion that has petered out or, more likely, that erosion has had 
episodic, catastrophic pulses.  As might be expected, anthropogenic disturbance of the 
surface enhances erosion rates, but a cosmogenic study of river sediments in Sri Lanka 
indicates that 200 years of intensive farming in rugged highland areas have resulted in a 20- 
to 100-fold acceleration.  Most awkward of all, another study of long-term erosion in 
California’s Sierra Nevada showed no relation between weathering and erosion rates and 
climate change.  Geochemists contributing to the debate over climate controls by 
weathering take note.  It seems that the primary control of erosion rates in western 
California was purely tectonic, which could tally with the notion that newly rising mountains 
have a major influence over sequestering of CO2 by silicate breakdown.   

The obvious next step is blending cosmogenic sediment dating with that of crustal 
exhumation from Ar-Ar and U-Th/He dating of cooling due to uplift and erosion. 

Source:  Greensfelder, L. 2002.  Subtleties of sand reveal how mountains crumble.  Science, 
v. 295, p. 256-258; DOI: 10.1126/science.295.5553.256. 

 



Cunning means of estimating uplift (October 2002) 

Rises and falls of the continental surface have frustrated geologists trying to assess their 
timing and rates, largely because the available methods are tiresome.  Fission-track, Ar-Ar 
and U-Th/He measurements, used to work out when rocks became sufficiently cool either to 
retain scarring tracks of high-energy particles or to allow radiogenic isotopes to accumulate 
in specific minerals, are notorious stumbling blocks to research.  So it is extremely 
encouraging to learn that there is possibly another way.  Bubbles (vesicles) that form in 
lavas, when dissolved gases escape from erupting magmas are sensitive to atmospheric 
pressure; the lower the pressure, the larger they become.  Bubbles at the top of a flow form 
under atmospheric pressure, whereas those at the base emerge under the extra pressure of 
the overlying load of lava in the flow.  Comparing top and base vesicle sizes, and applying 
the known thickness of a flow seems to be a means of calculating ancient atmospheric 
pressure.  This lateral thinking has been applied by Dork Sahegian, Alex Proussevitch and 
William Carlson of the Universities of New Hampshire and Texas (Austin) to the uplift of the 
Colorado Plateau (Sahagian, D. et al. 2002.  Timing of Colorado Plateau uplift: initial 
constraints from vesicular basalt-derived paleoelevations.  Geology, v. 30, p. 807-810; DOI: 
10.1130/0091-7613(2003)031<0191:TOCPUI>2.0.CO;2).  They first calibrated the vesicle 
palaeobarometer using nine samples of recent Hawaiian lavas from widely different 
elevations, finding that their method matched actual elevation with a statistical precision of 
±410 m. 

Plotting the difference between modern and ancient elevations in the Colorado Plateau 
against the lavas’ Ar-Ar age reveals a history of uplift that tallies well with known 
geomorphological  evolution.  The authors have been able to show that uplift began at least 
20 Ma ago, at a rate of 40 mm per year, which accelerated to 220 mm per year over the last 
5 Ma.  This has resulted in a total uplift of almost 2 km in the two phases. 

 

https://www.researchgate.net/profile/Alexander_Proussevitch/publication/248101089_Timing_of_Colorado_Plateau_uplift_Initial_constraints_from_vesicular_basalt-derived_paleoelevations_Reply/links/02e7e53cd22e7c3a34000000/Timing-of-Colorado-Plateau-uplift-Ini
https://www.researchgate.net/profile/Alexander_Proussevitch/publication/248101089_Timing_of_Colorado_Plateau_uplift_Initial_constraints_from_vesicular_basalt-derived_paleoelevations_Reply/links/02e7e53cd22e7c3a34000000/Timing-of-Colorado-Plateau-uplift-Ini
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