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Rock weathering releases elements to the multiple 
compartments of the Critical Zone. These weathering 
processes and fluxes can be inferred using stable metal 
isotopes. We apply Mg isotopes in a small forested watershed 
on granodiorite bedrock in the southern Sierra Nevada, 
California (Southern Sierra Critical Zone Observatory), to 
identify the pathways of Mg and to quantitatively assess the 
relative contributions of physical erosion and chemical 
weathering directly from Mg isotope data.  

Dissolved Mg in soil water, stream water and the 
exchangeable fraction from soil and saprolite is isotopically 
lighter than the source rock, showing a dominent control by 
uptake of heavy Mg into plants. Time series of stream water 
samples indicate a seasonal control on dissolved stream water 
Mg isotope compositions. Solid weathering products (soil, 
saprolite, bedload and suspended load) are isotopically 
identical to bedrock, suggesting that isotope fractionation 
during chemical weathering of bedrock and formation of clay 
minerals do not dominate the isotopic mass balance. 

Using an isotope mass balance model [1], we estimate the 
ratio of Mg physical erosion to Mg dissolved export at this 
field site solely from Mg isotope ratios of stream water and 
bedload. Particulate export from the weathering zone accounts 
for up to 95% of Mg loss from regolith. These isotopically 
derived estimates are consistent with weathering fluxes derived 
from measurements of stream water Mg concentrations and 
discharge and also from 10Be-derived chemical weathering 
rates [2]. Our findings indicate a kinetically-limited weathering 
regime operating at steady state. 
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