
Regional and continental-scale erosion from cosmogenic nuclides 
 

John Chappell and Keith Fifield1

 
 
Before the advent of agriculture, erosion and sediment yield depended basically 
on climate and tectonic uplift. The increase due to human impacts has been 
debated, particularly in high mountains where natural erosion rates are high. 
Aiming to determine regional erosion prior to the effects of agriculture, this 
project uses measurements of cosmogenic nuclides in sedimentary quartz grains. 
These nuclides are produced by cosmic rays impacting common nuclei in surface 
rocks; their abundance decreases with increasing erosion, and this signature is 
preserved in sediment from the eroding surfaces. Terrains being investigated 
range from extremely slow-eroding landscapes in central Australia to high, 
actively rising mountains in the Yangtse River catchment in western China. 
Measured samples range from surface rocks, saprolite and stream sediments in 
source areas, to sedimentary sinks such as sand deserts in Australia and the 
Yangtse delta in China. By combining the cosmogenic measurements with digital 
terrain analysis, erosion rates are reconstructed for different geomorphologic 
provinces. To evaluate regional human impacts, results are compared with 
modern erosion measurements from hill slopes and river gauges. 
 

 
 
Figure 1.  Regional erosion in China – major river sampling sites in China 
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Australia became progressively drier while it drifted northwards in the Cenozoic 
but the picture is complex and wet periods punctuated the drying trend. 
Regolith, groundwater and salts actively interact with the landscape and with 
each other, during these climatic changes. The project is a study of the history of 
Upper Cenozoic climate in the Australian interior and its effects on the regolith.  
 
Targets include aeolian landscapes (longitudinal dunefields, source-bordering 
dunes and lunettes), stony desert and dissected silcrete and ferricrete landforms, 
surfaces with thick regolith and deep weathering with mine-pit access, and 
palaeochannel systems. 
 
The broad timing of major phases of silcrete and ferricrete formation followed by 
landscape dissection and falling groundwater are being established by combining 
palaeomagnetic dating of ferruginous regolith with cosmogenic dating of relict 
fluvial deposits. A key study concerns the age structure of major dunefields and 
stony desert, which are the most widespread regolith materials in the arid zone. 
The ages of other arid-climate deposits including aeolian silt mantles and stony 
(gibber) pavements also are being determined. 
 
Results from 2004-5 indicate that stony desert began to develop 4 million years 
ago on Lower Cenozoic silcrete surfaces west of Lake Eyre, and that fluvial 
dissection declined about 2 million years ago as aridity intensified. OSL dating 
demonstrated a major disparity in ages from the Strzelecki (<100 ka) and 
Simpson dunefields (>500 ka), suggesting that episodic arid reworking of sand in 
the Strzelecki has been repeatedly more intense than in the Simpson – which 
may also account for colour differences between the dunefields (Strzelecki pale; 
Simpson red).  
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Figure 2. Drilling large longitudinal dunes in the Simpson Desert, for Optically Stimulated 
Luminescence and cosmogenic nuclide dating 
 


