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ABSTRACT 

Subsurface fluid injection arising from industrial processes such as hydraulic fracturing has induced 

moderate earthquakes with potential to cause damage.  Earthquake fault activation is typically ascribed 

to elevated pore pressure or increased shear stress due to the effects of poroelastic diffusion or stress 

loading. However, these mechanisms are incompatible with high-resolution observations of induced 

seismicity during microseismic monitoring of hydraulic fracturing in western Canada. Additionally, 

underground experiments and rate-state frictional models predict stable sliding (aseismic slip) on faults 

that penetrate rocks with high total organic carbon (TOC) or elevated clay content. An alternative model 

was therefore proposed, in which distal, unstable regions of a fault are loaded by aseismic slip on stable 

regions of the fault stimulated by hydraulic fracturing. The model was tested through numerical 

simulations, and further evidence has since emerged of significant slow slip events during hydraulic 

fracturing operations. This model has significant implications in terms of mitigating induced seismicity, as 

it suggests that there may be a potentially measurable deformation signal tens of hours before earthquake 

nucleation. Improved understanding of fundamental processes of fault activation during hydraulic 

fracturing is key to developing effective monitoring and mitigation strategies and could also help to inform 

models for natural earthquake triggering. 
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