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Abstract 

 

The stress regime in the Illinois Basin was investigated to assess how the rock column might respond to the injection of fluids, including co-

produced formation brines and supercritical CO2. This response is a concern as injection practices could increase pore pressure and potentially 

induce seismicity. Data were collected to determine the magnitude and orientation of a three-component stress field: vertical (Sv), minimum 

(Sh), and maximum (SH) horizontal stresses. Sv was evaluated with a six-layer lithostratigraphic column. A two-layer pressure-depth Sv model 

for the central portion of the basin and a single pressure gradient model for the surrounding region were generated. In the central portion of the 

basin, the Sv gradient is 1.11 psi/ft to a depth of 7000 ft, followed by a gradient of 1.20 psi/ft below 7,000 ft. In the area surrounding the deep 

basin, the Sv gradient was calculated as 1.13 psi/ft. Sh was evaluated from multiple data sources, primarily fracture closure values from either 

hydraulic fracture records or extended leak-off tests. Sh gradient calculations ranged from 1.07–1.21 psi/ft. The Sh values for the basal clastic 

units that directly overlie the crystalline basement complex are lower than those for units in the overlying horizons. SH was based on a 

critically stressed model yielding values between 1.77 to 2.65 psi/ft, which is significantly greater than the gradient values for Sv or Sh. Stress 

orientation data for the Illinois Basin were collected from multiple sources. The orientation of the principal stress, SH, across the study area 

relatively uniform in strike at approximately N 60 E but has marked deviations. These deviations result from localized structural discontinuities 

in the crust. 
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• Thanks to Bob Bauer (ISGS), Kaj Johnson and Grace 
Carlson (IU DOGS), Sallie Greenberg (MGSC ISGS) 



• Primary Focus: Investigate and model the state of 
the stress field that exists in the MGSC region 
• Orientation of three principle stresses  
• Magnitudes of these forces 

• Primary Research Question: 
• How is the stress field oriented throughout the IB and 

surrounding region? 
• What are the stress (pressure/depth) gradients in the 

region? 
• How much can the pore pressure be enhanced, via 

injection, before faults are activated? 

• Results are of value for:  
• Seal and reservoir integrity evaluations, seismic risk 

assessment, and storage efficiency estimates 
• Regulators of subsurface injection 

 

 



Stress Field 

• Stress files characterized by three mutually 
orthogonal tensors, denoted as 1, 2 and 3 

• This configuration can be situated anywhere in 
space but, assuming one is vertical, the others 
become horizontal, denoted as S vs. 

• Vertical stress = SV 

• Maximum (“Principle”) horizontal stress = SH 

• Minimum horizontal stress = Sh  
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Coulomb Failure in Poroelastic Material  

• Occurs when the ratio of the shear stress to the normal stress 
exceeds a critical value (e.g. 3/1) 

 

• The critical value is influenced by , the friction of the fault 
surface (function of lithology) 

 

• The ratio of  is determined by the values of SH ( 1) and Sh 
( 2), the angle of the fault  and, the pore pressure p 

 

• When all other influences are held 

   constant, increasing pore pressure 

   increases the ration of       failure 

 

crit = Critical angle of faulting  

Pcrit = Critical pore pressure  
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Methods 

Determination of Sv  

• Simplified the stratigraphic sequence into six layers 
based on generalized lithofacies of rock units 

• Examined a series of density logs to determine 
average density of layers across the region 

• Mapped their spatial distribution and then 
determined Sv gradient in two areas – basin margin 
and basin deep   



Stratigraphy 
based on 
lithofacies – 
six units 



Example of log 
used to 
determine 
average density 
of units 







Determination of Sh 

• Based on the strength of the formations 

• Strength came from: 
• Formation integrity tests (FIT) 

• Leak off tests (LOT) 

• Fracture closure values (hydraulic fracturing)  
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Determination of SH 

• SH was calculated based on the values of Sh 

• Based on a critically stressed crustal model 
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Sv Results 

• Central portion of the basin: 
• Shallower portion of the section 0-7,000’, gradient is 

1.11 psi/foot 

• >7,000’ gradient is 1.20 psi/foot 

• Area surrounding the deep basin, the gradient is 
1.13 psi/foot 

  

*The calculated Sv values are greater than some Sv values 
employed in earlier Illinois Basin studies. 



Sh Results 

• Using various sources of information, values of Sh 
gradients range from 1.07- 1.21 psi/foot  

• Because these values are very close to the values 
for Sv (1.11-1.20 psi/foot), fault mechanisms may 
change from predominantly strike slip (SH > Sv > Sh) 
to reverse/thrust (SH  > Sh  > Sv) in some local 
circumstances. 

• Sh values for the basal clastic units that directly 
overlie the crystalline basement complex (Eau 
Claire/Mount Simon Sandstone) are lower than 
those of overlying  sedimentary units 



SH Results 

• SH gradient values were calculated to be between 
1.77 to 2.65 psi/foot 

• SH is modeled based on a critically-stressed model. 

• As these values are derived from other calculated 
values, which themselves have some degrees of 
uncertainty, values for SH are assumed to be 
significantly uncertain 



SH Orientation 

• SH is interpreted to be the maximum stress ( 1) 
based on fracture patterns in the basin 

• Horizontal orientation data compiled from multiple 
sources 

• Relatively uniform in strike at approximately N 60 E 

• Localized deviations could be the result of localized 
structural discontinuities in the crust 
• These areas include the Wabash Valley Fault Zone, the 

Rough Creek Graben and the New Madrid Fault Zone.  





Focal Mechanism Inversion   

• Inverted the focal mechanisms for earthquakes in 
the region to generate a gridded array of maximum 
horizontal stress (SH) orientations 

• Contrasted this result with other sources of SH 
orientation information 

• Highlighted areas where local stress field deviated 
from regional trend (N 60 E) 

 



Focal Mechanisms from: 
• OIINK Moment Tensor Catalog 
• Saint Louis University North America Moment Tensor Catalog 
• Global Centroid-Moment-Tensor Catalog 

Inversion Results Based on Focal 
Mechanisms 

Green = Strike slip 
Red = Reverse 
Blue = Normal 



• Borehole Breakout 
• Hydro-fractures 
• Over-coring 
• Strain Gauge 
• Stress Inversion 

(World Stress Map) 

Map of maximum horizontal stress orientations determined from focal 
mechanism inversion overlain by SH orientations from sources listed above. 

SH data compared to stress field from inversion of focal 
mechanisms  



Azimuth of maximum horizontal stress directions incorporating focal 
mechanism and SH data.  

Maximum Horizontal Stress Orientation Incorporating SH 
Data 



Summary 

• Investigation yielded new ranges of values for Sv, Sh 
and SH 

• Results can help inform policy/management 
decisions on magnitude of pressures that can be 
safely tolerated by the rocks of the basin 

• Information can help inform decision makers of 
regions where additional stress (from elevated pore 
pressure) could potentially activate faults at lower 
pressures 
• Theory   zero tolerance (Pcrit =0) or, modeling of limits 

based on empirical data   management (Pcrit 10-100 psi) 



Future Work 

• Evaluate the orientations of the major fault systems 
in the region to assess their degree of criticality 
relative to the regional SH orientation 

• Investigate the magnitude and orientation of the 
fracture system in the basement complex 

• Model pressure changes on a basin scale in given 
saline aquifers/evaluate the role of a bottom seal 

• Communicate results to interested stakeholders 




