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The Mancos Shale 
 

The Mancos Shale is an Upper Cretaceous Shale-Gas play deposited around 90-70 

million years ago in the Rocky Mountain area of western Colorado and Eastern Utah. 

The Mancos is an unusually thick package (up to 1.1km) of Shale lithotypes including 

interbedded claystone, siltstone and very fine grained sandstone. 
 

1. Hydraulic Fracture of Shale 
 

Since the US “Shale Gas Revolution”, interest in the mechanical properties of Shales 

has increased dramatically. Extraction of Shale Gas commonly involves drilling 

vertically and then horizontally into the Shale seam. The Shale is then hydraulically 

fractured, by injection of high pressure fluid. These fractures extend from the wellbore 

for a few hundred metres. 

 

 

 

 

 

 

 

 

 

 

 

Shale is commonly a layered and strongly anisotropic material, which is often much 

weaker along the clay bedding planes. The stress field at depth is also anisotropic, 

with the vertical stress generally significantly higher than the horizontal stresses.  

 

At great depth, where the magnitude of the stress anisotropy exceeds the strength 

anisotropy, fractures will therefore tend to propagate vertically. Conversely, at 

shallower depths where the strength anisotropy exceeds the stress anisotropy, 

fractures are more likely to propagate horizontally. As a result, it is important to 

measure the fracture toughness in different orientations 

The mechanical properties of Shales 

remain poorly constrained, with a wide 

range of reported property values. 

Fracture Toughness is a significant 

control on hydraulic fracture 

propagation, but there is an extreme 

paucity of published data on the 

fracture toughness of soft sediments 

such as Shale (Barpi et al., 2012).  

 

(Figure Modified After thegwpf.org) 

3. Anisotropic Fracture Toughness Results 
 

The three principle Mode-I fracture orientations considered represent fractures 

propagating in different directions relative to the bedding planes. 
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Crack-Mouth Opening Displacement (mm) 

Short-Rod Fracture Toughness Experiments 

Cyclic Loading of the rock samples was performed under displacement control using 

the uniaxial loading apparatus in the UCL Rock and Ice Physics Laboratory. The 

sample is suspended horizontally and a 20kN load cell is used to move the upper jaw, 

loading perpendicular to the plane of the chevron. 

Cyclic Loading curve for Darley Dale Sandstone. Cycles 

become increasingly broad as the rock is damaged, due 

to deviation from linear elastic behaviour. 
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Large variations between values and 

loading curves depending on which bed the 

fracture propagates through. 
 

UCL’s High-Pressure Fracture 

Toughness Cell uses an internal actuator 

within a split-cylinder housing, because 

an external load cannot be allowed to 

penetrate into the pressurised vessel. 

The actuator forces the cylinder apart, 

forcing knife-edges into the lips of the 

sample. 

 

An inductive displacement transducer is 

used to monitor the crack-mouth 

opening displacement.  
(Figure Modified After Balme et al., 2004) 
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