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▪ Geological faults are vulnerable to frictional failure, 

and induced seismicity under rising stress loads 

due to hydrocarbon recovery or CO2 storage. 

▪ Risks to containment of subsurface fluids and to 

the integrity of the built environment critically 

depends on earthquake magnitudes. 

▪ Statistical geomechanics motivates modifying the 

standard power-law magnitude distribution to 

include a stress-dependent exponential taper.

▪ Under Bayesian inference these physics-based 

statistical models improve fault re-activation 

forecasts & greatly lower expected seismic risks. 

Summary Induced Stresses & Earthquake Occurrences

Statistical mechanics-based forecasting 
of induced seismicity magnitudes 
within the Groningen gas field
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▪ Disordered fault failure is a stochastic process

▪ Statistical mechanics constrains this process

▪ Bayesian inference allows data-driven learning

▪ Million models out-perform single models

▪ Worst models: Stress-invariant distributions

▪ Better models: Stress-dependent b-values

▪ Best models: Stress-dependent z-values
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Observed magnitude distribution is also stress-sensitive
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Kolmogorov-Smirnov Threshold Analysis Earthquake Magnitudes Rise with Increasing Stress
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Moving taper: Stress-dependent z

Statistical mechanics of disordered fault re-activation
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Unresolved Fault Heterogeneities Act as Stochastic Disorder Power-Law Size Distribution with an Exponential Taper

Constant slope: Stress-invariant b

Statistical Damage Mechanics
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Critical-point stress dependent taper: 𝜁 = 𝜃0(𝜃1 − Δ𝐶)𝜃2
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Earthquake Initiation Increases 

Exponentially with Induced Stress
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Prestress Explains Seismicity Rates 

http://dx.doi.org/10.1002/2017JB014356
https://doi.org/10.1093/gji/ggy084

