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Outline 

What is Seismicity? 
•Tectonic 
•Wave Types 
•Global Effects 
•Terminology 
•Scales of Measurement 
 

Induced Seismicity 
•Oklahoma Example 
 

Weyburn Example 
 



Stress = e * Strain 
Stress =  Force/Surface Area 
 
e = Rock + Fluid Properties 
 Compressive strength 
 Tensile strength 
 Shear Strength 
 
Strain = Deformation 
 Fracturing 
 Displacement, slip 
 Ground Motion 
  

(modified from Lumley 2015) 

Small change in stress, causes 
small change in strain: no 
seismicity 
 
Large Change in stress causes 
large change in Strain. 
Seismicity! 

What is Seismicity? 



World Seismicity Map 
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What is Seismicity? 



Richter Scale  vs Moment Magnitude 

Relates the magnitude of the slip to the 
area of fault surface 
 
Allows for measurement of the lowest 
detectable limits of fault movement. 

What is Seismicity? 
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What is Seismicity? 



Induced Seismicity: 
 
Change in stress caused by a change in pore pressure 
(injection/production)...  
 
which causes a change in strain (deformation fracturing 
fault reactivation) 

Induced Seismicity 

Stress = e * Strain 



Oklahoma – What’s going on? 



Oklahoma – What’s going on? 



http://ogs.ou.edu/docs/openfile/OF3-2015.pdf 
 

Oklahoma – What’s going on? 

http://ogs.ou.edu/docs/openfile/OF3-2015.pdf


Weyburn EOR Field 
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Weyburn EOR Field 



Weyburn EOR Field 

•Natural Fluid partially supports overburden weight 
•Pumping in production well reduces fluid pressure 
•Overburden weight is partially transferred from fluid to rock matrix 
•Weak points in the rock fail (natural fractures, large pores, clay layers, stylolites etc) 



Review 

•Seismicity is the strain response to a Stress put on the strata 
 
•Stress may be natural tectonic forces, or induced fluid pressure sources 
 
•Quantification of movement is the goal of the Richter or the Moment 
magnitude scale 

•Moment Magnitude is better for low movement  (microseismic) events 
 

•Oklahoma has induced many seismic events due to the injection of water 
 
•At Weyburn microseismic evens have been triggered related to production 
and depletion of pore volume 
 



Is it near a fault zone? 
 
Is there industrial activity in the area? 
 
Is there a potential for fault reactivation? 
 
What would that mechanism be? 
 
Is the seismicity of a magnitude to be concerned 
about? 
 
 

Questions to Consider 
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