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ABSTRACT 
Natural fracture systems can play a pivotal role in the development of many hydrocarbon reservoirs.  They can 
enhance, or degrade, the overall permeability of conventional reservoirs.  They can disperse the hydraulic 
fractures used to stimulate shale reservoirs.  They can, potentially, compromise the caprock integrity for 
oilsands development.   

Natural fracture systems are more broadly important because they are a dominant deformation mechanism in 
the upper crustal level of the earth.  They accommodate strain in the rocks and can provide insight into the 
stress conditions that existed in the subsurface at the time(s) of deformation.  This presentation highlights two 
fracture types that reflect unusual stress conditions, viz. expansion seams and hybrid fractures. 

Expansion seams are bed-parallel clusters of short extension fractures that are commonly observed in source-
rock shales.  They typically occur in zones that are several mm to several cm thick.  These features have been 
noted in the geological literature since the mid-1800’s, where they are referred to as “beef” in shales due to 
their resemblance to mottling textures seen in beef.   

Unconventional shale gas and oil drilling, and the large volume of shale core that was obtained and examined, 
brought about a resurgence of interest in these features (e.g. Cobbold et al., 2013).  A variety of mechanisms 
have been suggested for the origin of these features (e.g. seepage forces, force of crystallization), many 
relying on the development of high overpressures within the shales associated with the conversion of kerogen 
to oil or gas (catagenesis).  This presentation focuses on my hypothesis (Jamison, 2013), which is based in the 
concept that the relative magnitudes of the total principal stresses can change due to increases in the pore 
fluid pressure under the conditions of uniaxial strain. 

In compressional tectonic settings, bed-parallel slip surfaces can occur within or in lieu of expansion seams.  
These slip surfaces are effectively an expression of the Hubbert & Rubey (1959) model for thrust sheet 
movement.  In unconventional shale reservoir stimulations, the larger of these slip surfaces could impede the 
vertical growth of hydraulic fractures.  

Hybrid fractures.  There is a large volume of rock mechanics literature addressing the development of shear 
fractures and extension fractures.  A number of authors have proposed the existence of hybrid fractures that 
have attributes of both extension and shear fractures (e.g. Hancock, 1985).  However, rock mechanics tests 
that confirm hybrid fracture development are very limited (Ramsey & Chester, 2004) due to the complexity of a 
testing procedure that requires the application of both tensile and compressive stresses to the rock sample.  

Natural fractures developed in the Cardium sandstone in several outcropping foothill folds display 
characteristics similar to the laboratory hybrid fractures (Jamison, 2016) which could provide an indication of 
mixed compressional and tensile in situ stresses in the subsurface at the time of the fracture development 
and/or displacement.  The “hybrid” features observed in the Cardium sandstone bear evidence of open 



apertures or dilatant gouge in the subsurface, which means they should be very good conduits for fluid 
movement. 

               

Figure 1. Expansion seams in Haynesville Fm.                                                           Figure 2. Hybrid fracture concept (from Ramsey & Chester, 2004) 

References 

Cobbold, P.R., Zanella, A., Rodrigues, N., and Loseth, H., 2013, Bedding-parallel fibrous veins (beef and cone-in-cone): Worldwide 

occurrence and possible significance in terms of fluid overpressure, hydrocarbon generation and mineralization: Marine & Petroleum 

Geol., 43, 1-20. 

Hancock, P. L., 1985, Brittle microtectonics: principals and practice: Journal of Structural Geology, 7, 437-457. 

Hubbert, M.K. and Rubey, W.W., 1959, Role of fluid pressure in mechanics of overthrust faulting: I. Mechanics of fluid filled porous 

solids and its application to overthrust faulting: Geol. Soc. Am. Bull., 70, 115-166. 

Jamison, W.R., 2013. Bed-parallel expansion seams and shear surfaces in shales. CSPG geoConv. 

Jamison, W.R., 2016. Fracture System Evolution within the Cardium Sandstone, Central Alberta Foothills Folds. AAPG Bulletin, 100, 

1099-1134. [awarded “2017 Best Recent Publication” by the Structural Geology and Geomechanics Division of AAPG] 

Muehlberger, W.R.., 1961. Conjugate joint sets of small dihedral angle, J. Geol., 69, 211-209 

Ramsey, J. M., and Chester, F. M., 2004, Hybrid fracture and the transition from extension fracture to shear fracture: Nature, 428, 63-

66. 

 

BIOGRAPHY  
 

William (Jamie) Jamison is a consulting structural geologist.  He received 
his B.S. (physics) from Georgia Tech, M.Sc. (geology) from University of 
Calgary and PhD from Texas A&M University.  He spent 13 years in 
research and exploration with major oil companies (Arco Canada, Cities 
Service, Amoco) and 6 years as an associate professor at MUN before 
establishing his consulting company, The Upper Crust Inc., in Calgary in 
1996.  Since then he has conducted studies for over 50 companies.  His 
primary interests are fold-and-thrust systems and fracture development. 

 

 

 

 

  


