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SECTION A

1.
(a)
The mean stress at a point in a rock is given as 60 MPa and the confining pressure is 30 MPa. The principal compressive stresses are (1, (2, and (3, where (1 > (2 > (3.



 Find (i) (1 
[4 ]



(ii) The magnitude of the Normal Stress ((n) and the Shear Stress (( ), if the fracture plane is inclined at 30( to (1. 
[6]  
(b) A rock body is stable when the state of stress at a point is given as 90 MPa for (1 and the differential stress is 50 MPa..  If a fluid pressure of 20 MPa was introduced into the rock, find the resultant values of  (i) (1 and (3
[4]

         (ii) The magnitude of (n  and  (  if the   fracture plane is inclined at 60( to (1.    
 [6]


 (iii) What is the magnitude of the tensile stress? 
 [5]

Solution:
a- Use a Mohr circle to plot the values of sigma 1 and sigma 2; from the mean stress, sigma one can be computed. Then find the normal stress from the Mohr circle, given the angle of of 30 degrees (normal stress= 0.5 (sigma 1+sigma2)+ (sigma 1-sigma 3)cos 2theta (0.5). Find the normal stress as well using the equation tau= 0.5(sigma 1-sigma2)sin2theta.

b- Similar methodology. Now subtract the value of Pf from sigma 1 and sigma 3 respectively. Use these new values to fins normal and shear stresses. Tensile stress, find the coefficient of friction, then find the cohesive strength, the tensile stress= C/tan phi
2.  
(a)
Discuss the following terms (i) elastic deformation  (ii) plastic deformation (iii) Yield strength (iv) Viscous deformation   
[12]
(b)
Explain the following (i) point defect (ii) recovery and recrystallisation (iii) deformation bands (iv) deformation lamellae. 
[13]
Solution:
Elastic deformation-where strain is recoverable

Plastic deformation-where strain is not recoverable

Yield strength-the value of the differential stress, where plastic deformation sets in; from here onwards the strain will no longer be recoverable

Viscous deformation-when rocks behave in a semi fluid fashion, and the strain is dependent on the viscosity constant eta. Here the deformation follows Newtons’ law.

Point defect-when an atom or impurity is in the wrong crystallographic site and distorts the lattice.

Recovery and recrystallization-when rocks undergoing deformation, through dislocation creep, break bonds and larger crystalline aggregates are reduced to smaller aggregates by recrystallization; thereby releasing the stored internal energy of the crystal, such that the newly formed crystals will have no defects within them; such features as deformation bands and lamellae are all destroyed and removed.

A deformation band is a region of high internal energy and high strain energy; it is observed in optical microscopes as regions of dark undulose extinction

Deformation lamellae are bands that are the result of deformation and form twin like features of highly strained regions in the lattice along slip planes. They are observed as regions of high strain energy where grains have formed a grain boundary along a previous slip plane.
3.
(a) Given that a deformed ellipse has the following semi-axes lengths: S1 = 1.40, S2 =0.6.  The angle ( =25(.  Calculate the values of the Shear strain ((), the combined quadratic elongation (() and the angular displacement (().
[13]

(b) differentiate between homogeneous and heterogeneous strain
[12]
Solution:
Use the Mohr circle for strain. First find lambda 1 and lambda 3 from the values of S1 and S3. Then calculate the quadratic elongation lambda f, using the Mohr circle.

Use the value of lambda f, to find the shear strain, gamma.

Tan inverse of gamma is the angular shear.

b. In homogeneous strain, the rock is deformed homogeneously in all parts, and original straight lines remain straight after deformation, parallel lines remain parallel after deformation.  In Heterogeneous deformation is different, the strain is not uniformly distributed in the rock, straight lines, become curved after deformation, and there is no constancy in volume before and after deformation.
4.
(a)
A poly-deformed area has recorded three deformation episodes, D1-D3.  D2 is characterised by refolded folds, whose F2 axes plunge to the SW at 20( and F1 fold axes plunge to SE and NW at 60( and 70( respectively.  D3 is a crenulation-cleavage forming event, with hinge lines of the microfolds being parallel to the F1 folds. (i) If down dip lineations (L1) had developed during the development of F1, what is the orientation of L1 after the F2 episode? (ii) What was the nature of D1?  (iii) Deduce the orientation of the principal compressive stresses (1, (2, and (3 during D2 and D3.
[12]

(b) Define the following using appropriate diagrams: (i) zonal crenulation cleavage (ii) discrete crenulation cleavage  (iii) gneissosity? 
[4, 5, 4 ]

Solution
L1// to F2; D1- was a folding event; sigma 1 was // to Fi and perpendicular to F2; sigma 2 paralle to F2, and sigma 3 was 20 degrees towards the NE.

Zonal crenulation cleavage-occurs in zones, genberally separated by areas of quartz rich material; discrete crunlation cleavage has bands of crenaulation kinking like microfolds; domainal schistosity is schistosity that occurs in domains of micas and lenticular fabrics of microlithons.

Gneissosity, is gneissic banding due to metamorphic banding
5
(a) Compare and contrast Diffusive mass transfer from grain boundary diffusion creep. 
[15] 


(b) Distinguish  corona textures from replacement textures, using sketches and relevant mineral equilibria. Which deformation mechanism would be responsible for the formation of each of these textures? 
[10]

Solution-diffusive mass transfer occurs at low differential stresses and low temperatures, where material is moved by fluid migration. In grain boundary diffusion, you have atoms and molecules diffusing along grain boundaries at intermediate differential stresses and temperatures. Heat is required to accelerate this process.  

Corona textures form as a result of prograde metamorphism while replacement textures form either on the retrograde path or when one phase replaces another one. They are formed by volume diffusion
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