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Instructions: Answer any five questions

1. A granite body has been weathered in an ellipsoidal fashion as depicted in figure 1 below.  The granite has a density of 2.65 g/cm3, and the contact area at point A is given as 8 cm2.  You are shown that the centre of the ellipsoid is at point B.  The semi-major axis defined by BC is given as 0.25 m
(a) Sketch the vector diagram for the forces and calculate the normal force and the sub horizontal force inclined at 10( from the horizontal at point A.
[7]
(b) Calculate the normal  and shear stresses at point A.


[8]
(c) From the normal and shear stresses you have calculated in (b) above, what contact area would be critical to induce sliding of the top boulder? 

[10]
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Figure 1.

2. A body of rock undergoing ductile deformation contains bivalves (fossils), which have been used to gauge the strain in the rock.  An initial angle of 90( is homogeneously distorted until it is (a) 84(, (b) 72(, (c) 48(, (d) 22.5( and (e) 8(.  (i) In each case, calculate the shear strain and plot it on a graph of angle of deformation versus shear strain.




[10]
(ii) What is the percentage shear strain in each case?


[7.5]
(iii) If the time taken to accomplish these strains is 100, 1000, 10 000, 105, 106 seconds respectively, deduce the average strain rate in each case.
[7.5]

3. (a) Discuss the behaviour of a granite undergoing deformation at 100(C, 300(C, 500(C, 600(C at differential stresses ranging from 10kilobars to 50 kilobars in dry and wet conditions.  Draw representative curves for the two scenarios, and state why differences arise if any or why no differences arise.

[15]

(b) What would be the effect of high strain rates of your granite and discuss what structures would be formed in (i) dry conditions at 100(C and high differential stresses (ii) wet conditions at 400(C and low differential stresses?
[10]
4. Discuss any two deformation mechanisms of your choice stating clearly the requisite differential stresses, temperatures, structures that would uniquely identify it; and the depths in the crust where the deformation mechanism operates and why.







[25]
5. Discuss the generalized stratigraphy of the Archean and Neoproterozoic eons mentioning why those rock associations developed at that time in the earth’s history..  

a. What is the significance of Banded Iron Formations at the end of the Archean as regards the nature of the Atmosphere and geologic evolution?

b. A poly deformed area has recorded three deformation episodes, D1-D3.  D3 is characterised by refolded folds, whose F2 axes plunge to the NE at 20( and F1 fold axes plunge to SW at 60( and 70( respectively.  D3 is a major normal faulting episode without rotation of footwall blocks that has affected the whole area. If down dip lineations (L1) had developed during the development of F1, what is their orientation after the F2 episode?  

c. Differentiate slaty from crenulation cleavage and explain how both are formed? 
6. (a) When mapping large areas, discuss why it is important to divide the area in smaller domains for structural analysis?



         [2]
(b) Discuss the essential differences between cleavage formation at low grades and gneissic foliation, and at what grades of metamorphism this happens.[10]
(c) Distinguish how “dome and basin” interference folding develops as opposed from “convergent-divergent” interference folding.


         [3.5]
(d) Discuss how transposition occurs in rocks and how we can identify it.[3.5]
(e) An earthquake has been recorded at a depth of 7 km below surface in primarily felsic units with an average density of 2.6 g/cm3.  The slip on the fault has been calculated to have a co-efficient of friction of 0.5.  Given that the competency contrast, K = (1+ Sin ()/ (1-Sin (), and that the value of (3 is 10 MPa, calculate the value of (1 responsible for the fault and the orientation of the fault, (, between the fault plane and (1.



         [6]
7.  In the Beholders’-see Area, Mr Geologist Sortitout recorded the following information:(i) He noticed that all the So was cut by two cleavages, (ii) he named the axial planar cleavage S1, and the low angle cleavage S1b.  (iii) He also noticed that in a certain area referred to as the Dila-Dila  zone, dome-crescent mushroom pattern of folding appeared, clearly showing that the original S1b naming was wrong.  He further noticed that the S1b foliation was actually crenulated by a later episode of deformation, which he now thought must be D3.  He also noted two sets of lineations, the first set was folded and the second set was not folded.  He worked out that the folded ones must have occurred first.  Mr Sortitout has recently been transferred to a new mine, and you have taken over his job.  Your company has noticed that along the F2 axial planes occurs gold veins of economic importance, and you have been assigned to work out the deformation episodes for the area, assigning all structures to the appropriate episodes of deformation, so as to plan the mining phase correctly. 

(a) What fabric was assigned as So by Sortitout


 [2] 

(b) If Mr. Sortitout was wrong in ascribing S1b, what is supposed to be the correct assignation of S1b? 





[4] 

(c) Name the structures that must belong to D1, D2 and D3? 

[6]

(d) What is the geometric relationship between the gold bearing veins and F1?           …                                                                                                    [10] 

(e) Is Mr. Sortitout’s D3 episode correct? If yes why if not why not? [3].

END OF EXAMINATION

PAGE  
1

