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Instructions: Answer  any six  questions from section.  All questions in each section carry equal Marks. Total marks =120




Time: 3 hours
1. 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. 







(12)
(b) An original circular  ooid is deformed into an ellipse after deformation, with no changes in volumes. Given that the area of an ellipse is (ab, where a and b are the semi-major and semi-minor axes and that of a circle is (r2, show that the original circle had a radius of ((ab).  What type of strain is this? 







(6)

2. Discuss in detail the conditions and structures produced by dislocation creep and grain boundary diffusion creep. 








(20)

3. Discuss (a) superplasticity in rocks and how we can identify it at thin section scale. (8) 
(b) penetrative structures that may be developed by a rock undergoing volume diffusion and diffusive mass transfer.







  (12)

4. Two faults occur in an area, one is a thrust fault, with a dip of 25(, to the south and the other is a reverse fault with a dip of 46( to the west .  For each fault configuration determine the orientation of the three principal stresses, giving your reasons why.



 (10)
(b)  Name two fault rocks, and discuss the conditions that determine their development. (10)
5. (a) Given the Eulerian equations that express the initial state viz:
x= 3x’ – 3(y’

y= 3y’

determine the general form of a deformed ellipse given by:

Ax2 –2Bxy+Cy2 = 1.  If this ellipse was a finite strain ellipse of a previous heterogeneous deformation, and the current transformation represents a superposed homogeneous deformation, what can be said about superposed deformations? If the value of ( =1.22, determine the value of B in terms of x’and y’, and state the difference in the intensity of deformation from the heterogeneous to the homogeneous that has been superposed. (8).


(b) A rock is under pure shear state of stress, and you are given that (1 = 45 MPa, deduce the value of (3, the differential stress and the maximum shear stress. 

(6)


(c) A carbonate unit at a depth of  6 km below the earth experiences some stresses.  Assuming isotatic equilibrium, calculate the lithostatic pressure at that depth, suggest the type of structures and the deformation mechanism/s responsible for the structures that are likely to form and substantiate your answer. (g=10m/s2, (carb =2.05g/cm3) 









(6)
6. Two rock bodies have been mapped in the field, and are found to be separated by a shear zone of some 20 metres in width.  The shear zone possesses mylonitic textures and a metamorphic grade represented by hornblende+plagioclase+biotite+K-feldspar+quartz+ garnet.  The garnets are surrounded by plagioclase forming a corona texture.  On one side of the shear zone are greenschist  rocks, typically with chlorite+biotite+quartz+oligoclase, with a well developed foliation, whereas the other side of the shear zone has hornblende+clinopyroxene+plagioclase+garnet+biotite mineralogy

i. state clearly the deformation mechanism and conditions necessary for the observed greenschist assemblage. (4)
ii. Why is a mylonite present and separating the two rock bodies with different metamorphic grades? (4)
iii. What deformation mechanism would have been responsible during the formation of the mylonite? (4)
iv. What is the deformation mechanism and conditions necessary for shear zone development so as to produce an upper amphibolite metamorphic grade? (4)
v. What structural event occurred in this area? (4)
END OF EXAMINATION
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