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(The behavior of tensile fractures in the crust)








The most pervasive mesoscopic structure of any outcrop will be cracks or fractures.  Even in midcontinent areas where sedimentary rocks seems undisturbed by any tectonic deforamtion cracks will be common in outcrop.  These discontinuities will be encountered in many engineering tasks involving national and local needs.  Cracks in rocks carry ground water far more efficiently than the bulk rock with its relatively low permeability.  Disposal of both chemical and nuclear waste requires that the waste repository be separated from any interconnected fracture network that might allow the rapid migration of the waste into the biosphere.   In contrast the recovery of geothermal energy requires cracks in hot rock so that heat fluids pumped along the cracks can act as the medium with which heated is transported to the surface.  The recovery of petroleum is best accomplished when wells cut a fractured network containing large amounts of petroleum.





Rarely is there more than a meter or two between macroscopic cracks.   The upper portion of the crust has a surprisingly high fracture density.  Igneous bodies may be an exception to the rule and here microcracks make up for the evident lack of large cracks.  Fractures are encountered in wells drilled to depths of ten kilometers or more within the crust of the earth. 
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Figure 16-1





From an engineering point of view there are three modes of crack failure (Fig. 16-1).  These are commonly called the opening mode (Mode I), the sliding mode (Mode II), and the tearing mode (Mode III).  Cracks within the crust may be either shear fractures of the type discussed in the last lecture or tension fractures.  Tension fractures are opening mode cracks.  Shear fractures are more complicated and often form as a mixed mode crack.  Mixed mode cracking means that two or three of the above modes is active during failure.  Commonly opening mode failure is combined with one of the other two modes.  The distinction between shear fracturing and tension fracturing is that tension cracks form normal the the least principal stress s3 and parallel to s1, whereas the plane of a shear fracture is inclined at some acute angle to the direction of s1.  Within the crust of the earth true tension is less common than a tensional situation set up by negative effective stresses (e.g. s3 - pp < 0).  Fractures formed normal to s3 in the presence of negative effective stress are called extension fractures or joints. 





Joints are the most common fracture within the crust of the earth.  This is so because the differential stress (s1 - s3) in the crust rarely becomes large enough to cause shear fracturing.  Hence, it is important to appreciate the stress state under which joints form within the crust.  This is accomplished by examining the Coulamb-Mohr failure envelope.





Most Coulomb-Mohr failure envelopes are nonlinear particularly where the failure envelope crosses into the field of tensile normal stresses (-sn).  Because of its curved nature the only place where the failure envelope can be intersected by the Mohr Circle is at the point where shear stress (t) is zero which means that failure occurs along a principal stress plane.





Tensile cracking (jointing) occurs in the crust of the earth because of the magnification of stress at the crack tip.  Here we show that tectonic stress (SH) around a circular borehole was magnified by a factor of three. In an infinite elastic plate containing a circular hole and subjected to a uniaxial far-field stress, local stresses are concentrated about the edge of the hole (Kirsch, 1898).











Examples of either extension fractures or tension cracks include the following:


	


	Mud cracks


	Ice polygons


	Columnar joints in basalts


	Dykes and sills


	Tension gashes


	Calcite and quartz filled veins


	Joints in rocks





The surface morphology of extension fractures and tension gashes is unambigious.  It is best displayed on cracks in sandstones (See Chapter 5 of Davis and Reynolds).  All such discontinuities have initiation points which may be stress risers such as microcracks, fossils, bedding plane roughnesses, or concretions.  All cracks propagate a finite distance before stopping at arrest lines.  Just after the crack has started propagating the rupture plane may be very smooth showing a mirror surface.  As the speed of propagation increases the surface becomes rougher in an area called mist.  Finally the rupture front may move so fast that the stress readjustments at the crack tip cause out-of-plane propagation which leaves hackle marks on the surface.





Hackle marks on the crack surface can be used to define the direction of propagation.  Their pattern is like a fan opening in the direction of rupture propatation.  Arrest lines form normal to the direction of propagation.  In some cases the direction of crack propagation can be quite complicated. Hackle marks are believed to form when crack propagation becomes unstable.  Under this condition the stress field at the tip of the crack can not abjust to the advancing crack tip.  The result is that crack propagation is momentarily deflected out of the plane of propagation.
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Lect. 17 - Crack Propagation and Jointing



































