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Time: Three (3) hours

Instructions: Answer any two(2) questions from Section A and any three (3) from Section B. 

Total marks = 100

SECTION A

1.
(a)
The mean stress at a point in a rock is given as 50 MPa and the confining pressure is 30 MPa. The principal compressive stresses are (1, (2, and (3, where (1 > (2 > (3.



 Find (i) (1 
[2 ]



(ii) The magnitude of the Normal Stress ((n) and the Shear Stress (( ), if the fracture plane is inclined at 30( to (1. 
[8]  

(b) A rock body is stable when the state of stress at a point is given as 80 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 . 
[3 ]

         (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? [1] 
[10]

2.  
(a)
Discuss the following terms (i) elastic deformation  (ii) plastic deformation (iii) Yield strength (iv) Viscous deformation   
[10]
(b)
Explain the following (i) point defect (ii) recovery and recrystallisation (iii) deformation bands (iv) deformation lamellae. 
[10]

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 (().
[8]

(b) Given that Mr. Nawa Mwalalapo measured several pebbles of a conglomerate in the Gammsberg area and found that the strain could be represented on the Flinn diagram, as xav/yav =3.916; yav/zav = 1.8 where the subscript av means average. Given that   loge(1+(V) = e1 + e2 + e3, such that e2 = 0.6, find the volume change that occurred in the conglomerate represented by these values, and the individual values of e1 and e3.  Plot this deformation on the Flinn diagram and interpret the result. 
[12]
SECTION B

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) What is the orientation of the crenulation lineations?  (iv) Deduce the orientation of the principal compressive stresses (1, (2, and (3 during D2 and D3.
[10]

(b) Define the following: (i) zonal crenulation cleavage (ii) discrete crenulation cleavage  (iii) domainal schistosity (iv) gneissosity? 
[10]

5
(a) Compare and contrast Diffusive mass transfer from grain boundary diffusion creep. 
[10] 


(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]

6. Two fault systems are present in an area, forming two separate fault sets.  Set A has shallow dips of 20( dipping towards the east, whereas set B has steeply dipping fault planes of 60( towards the northwest.  Slicken fibres on the high angle faults show two generations of movement, one is down-dip towards the NW and the up-dip one has an easterly strike slip component to it.  

(a) Which fault formed first and why? What were the orientations of the three principal compressive stresses during its formation? 
[6]

(b) During the formation of the second fault set, what was the orientation of the principal stresses?  If the low angle fault had formed last, what would have been the effect of the stress regime on the earlier high angle fault? 
[4]

(c) Given that: g = 10m/s2 , ( =2.5 g/cm3, K = 2.0, and the value of  (3 = 50, calculate the value of  (1 if the fault occurred at a depth of 7 km below the surface. 
[10] 

7.
(a)
Discuss the importance of crustal shear zones in mapping and exploration. 
[10]

(b) How would you recognize Archean rocks in the field without any radiometric dates? What features would you look for? How would Archean greenstones  differ from younger ophiolitic sequences? 
[10]
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