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1. (a) For a sphere that is deformed into an ellipsoid, without any volume changes, show that the radius of the sphere is given by the cube root of the product of the three axes of the ellipsoid, i.e.,  r = 3(abc. 

(3)
(b) Discuss Progressive Deformation 



(3)
(c) Given that a deformed oncolith in the Tsumeb mine has the form of an ellipse, with a long and short axis having been measured by one observant fourth year student for which he obtained the following averages: long axis=2.2 cm, short axis =1.4 cm and the foliation was measured as 070(, 30(N.  He also carefully recorded the angle of bedding from which the oncoliths were displaced in several cores as follows: ( =22(.  Calculate the values of  (, (f and ( in the Tsumeb carbonate units and comment on its strength.  


(12)

(d) Was there any shearing or thrusting in this area, if no state why not from your data and if yes, state why? 





(2 )

2. (a) Given that Mr. Omaere Oshikandela  measured several pebbles of a conglomerate in the Gamsberg area and found that the strain could be represented on the Flinn diagram, as xav/yav =3.916; yav/zav = 1.6 where the subscript av means average. Given that   loge(1+(V) = e1 + e2 + e3, such that e2 = 0.8, 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. 


(15)
(b) Discuss hysteresis and strain hardening as they relate to deformation of rocks. (5)

3. (a) Given a confining pressure of 20 Mpa, find the value of (1 that is capable of causing failure in a rock if  (n = 100 Mpa, given that the angle (() between (1 and the fracture is 30(.  Find the  cohesion constant C and the shear stress (( ) at the point of failure.  What is the co-efficient of friction in the rock (()?








(15)

(b) What is the effect of increasing confining pressure on rock strength if a rock is undergoing plastic deformation?  How would the rock behave if fluid pressure was increased? 




(5)

4. Choose any two deformation mechanisms, and discuss them thoroughly, giving the conditions where they occur and the type of unambiguous textures you would be able to associate with them.



 (20)
5. 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 25( and F1 fold axes plunge to SE and NW at 65( and 80( 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 formed 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 stresses, (1, (2, and (3 during D2 and D3. 



(20)

6. (a) State two microstructures that indicate dynamic recrystallisation? How does dynamic recrystallisation differ from static recrystallisation? 

(4)

(b) At granulite facies grade of 880(C and 9 kb a pelitic rock recorded the following mineral assemblage: spinel + orthopyroxene+ quartz, while it has a later amphibolite record of garnet + plagioclase symplectites, plus sillimanite and cordierite.  From this information, (a) what is the significance of the garnet-plagioclase symplectite? (b) Draw a schematic P-T path for the two textures.  (c) What is the tectonic and structural significance of these textural relations? (d) What deformation mechanism was responsible for the production of these textures? (e) Write schematic component equations that give the amphibolite assemblage from the granulite assemblage given that: Spinel: MgO, Al2O3; orthopyroxene: MgO, FeO, Al2O3, SiO2; quartz: SiO2; Garnet:  MgO, FeO, CaO, Al2O3, SiO2, Plagioclase: CaO, Al2O3, SiO2, Sillimanite:  Al2O3, SiO2, Cordierite: MgO, FeO, Al2O3, SiO2. 
(16).
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