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The reconstruction of the Earth’s changing surface oxygenation has benefited 
greatly from the use of Mo isotopes in marine sediments as a palaeo-redox 
proxy. Here the extent of Mo removal by oxic sediments is calculated by mass 
balance models assuming steady state conditions between the inputs and 
outputs of Mo to and from the ancient ocean. Unlike the outputs of Mo which 
are preserved in sedimentary rocks, the continental inputs of Mo to the ocean in 
the past must be estimated based on the modern global riverine average. First 
publications have shown that global rivers are isotopically highly variable and 
consistently heavy up to δ98Mo ~1.9‰ compared to the average upper 
continental crust of ~0.0‰. It has been argued that this isotopic offset might 
originate from weathering of isotopically heavy black shales, evaporites and 
sulfides, and mechanisms of fractionation by adsorption onto Fe-Mn 
oxyhydroxides in suspended particles and soils. 
 
Here we demonstrate the influence of an isotopically heavy anthropogenic Mo 
source on the natural composition of the Ottawa River, with implications for 
mass balance modelling of the ancient ocean. The Ottawa River, Canada, has 
previously been identified as having an anomalously heavy δ98Mo close to 
seawater, which cannot be accounted for by previous explanations, and 
indicates the existence of an additional Mo source or sink. We collected 32 
water samples from the Ottawa River, its tributaries and surrounding lakes. 
Filtered samples were analysed for major and trace elements as well as δ98Mo. 
 
Our results reveal a progressive upstream trend towards heavy δ98Mo up to 
3.0‰, different to samples from tributaries and lakes with a constant δ98Mo of 
1.1‰. Positive correlation between δ98Mo and [Mo] indicate a binary mixing 
between δ98Mo released by natural weathering of the catchment, and a single, 
isotopically heavy point source located upstream. A potential source might be 
Cu-Au porphyry mining activities in the Abitibi Greenstone Belt, in the 
headwaters of the river. Direct contamination from dissolution of isotopically 
light MoS2 molybdenite is unlikely to explain the heavy Mo signature of the 
source waters. Alternatively, adsorption of Mo onto Fe-oxides within the waste-
rock storage facilities has previously been shown to fractionate Mo in mine 
drainage water, releasing a highly reduced, heavy δ98Mo source into the 
surrounding waters. We hypothesise that a similar mechanism of Mo removal 
occurring in these mining regions has altered the δ98Mo of the Ottawa River. 
 
Anthropogenic alteration of the isotopic composition of natural river water 
challenges the use of modern large river systems as analogues for ancient input 
parameters in mass balance models. If the impact of anthropogenic input is 
found to affect rivers on a global scale, palaeo-redox reconstructions may need 
to be refined. 


