
 

Abstract: Earth’s shallow subsurface, or “critical zone,” is of fundamental importance for supporting terrestrial life and 

maintaining water quality. This zone will be affected by climate change, which is expected to substantially alter rainfall 

patterns and evapotranspiration rates across the globe. Gas-driven mineral weathering reactions that occur in the water 

unsaturated region of the critical zone are an important source of nutrients for plant and microbial life. Such reactions also 

influence the bioavailability of water, influence water quality, and have a profound impact on the global carbon cycle, which 

regulates atmospheric CO2 concentrations and climate over geologic time. Moreover, these natural reactions can be 

exploited and engineered to sequester anthropogenic CO2. Mineral weathering rates are typically determined in the 

laboratory using homogeneous stirred reactors with excess water, but it has long been recognized that orders of magnitude 

discrepancies exist between these laboratory-measured rates and those measured in the field. Numerous explanations 

have been posited to explain this discrepancy including the lack of wetted surfaces available for reaction in unsaturated 

media. This talk will examine the physical and chemical impact of water availability on the mineral weathering reactions 

that capture and store CO2. Our experimental results indicate there is a threshold in water content beyond which reactions 

occur unencumbered, but below which the rate and extent of mineral weathering is extremely limited. Reactive transport 

modelling of column experiments that investigated the replacement of brucite [Mg(OH)2] by Mg-carbonate minerals in 

water-limited conditions revealed that a lack of available water limited both the bulk reaction rate and the maximum extent 

of reaction that can be achieved. These results build towards a better understanding of mineral reactivity in unsaturated 

materials, which will aid in the prediction of the response of mineral weathering reactions to climate change, and help the 

design of engineered of CO2 sequestration strategies. 
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