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Instructions: Answer any two (2) questions from section A and any three(3) from Section B.  All questions carry equal marks.

SECTION A

1. Detour enterprises have found out that the fluorite deposits in the area they are working in are oriented parallel to the dominant stretching direction.  The exploration geologist, Mr. John Come Lately Mwalalapo and his colleague Omaherero found interesting xenoliths in a zone of amphibolite facies grade quartzofeldspathic gneisses and decided to use them to obtain the main stretching direction so as to control drill-hole intersections.  Mr Mwalalapo made the following measurements (in cm) along the xy-plane, xz-plane and yz- plane.

	direction
	Outcrop 1
	Outcrop 2
	Outcrop 3
	Outcrop 4
	Outcrop 5
	Outcrop 6
	Outcrop 7

	X (NE)
	8
	10
	12
	8
	9
	13
	10

	Y (NW)
	7
	6
	6
	8
	7
	6
	6

	Z 
	4
	4
	3
	3
	4
	5
	5


Using the Flinn diagram, what type of strain did Mr Mwalalapo and Omaherero find in the area? Which is the dominant stretching/flattening direction?.  What is the significance of porphyroblasts in these gneisses at this metamorphic grade?  Use the above data from Mr Mwalalapo to come up with the logarithmic strain in the area, and state whether there was a general volume increase or decrease giving attendant reasons. Draw the shape of the strain ellipsoid.  What would be the shape of the gold lodes (deposit) in this area if they are hosted in the gneisses. (20 marks)

2. Whilst mapping a biostratigraphic unit, Mr. Longnose Joe Afrikaner found interesting deformed fossils. (a) Mr. Longnose Joe Afrikaner measured the following semi-axes in the biostratigraphic : S1 = 1.80, S2 =0.8.  The angle ( =30(.  Calculate the values of the Shear strain ((), the combined quadratic elongation (() and the angular displacement (().  What type of strain was experienced in this area? What is the significance of the shear strain in this area, if S1 is oriented EW ?(20 marks).  

3. State four microstructures that indicate dynamic recrystallisation? How does dynamic rextallisation differ from static recrystallisation? 

Characterise the following deformation mechanisms, i.e., give the conditions under which they occur and two textures that can arise out of each of them. (a) Diffusive Mass Transfer (b) Grain boundary diffusion creep, (c) Dislocation creep, and (d) Volume diffusion creep. (20 marks)

4. At granulite facies grade of 860(C and 8.5 kb a pelitic rock recorded the following mineral assemblage: spinel + orthopyroxene+ qtz, 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 components equations that give the amphibolite assemblage from the granulite assemblage given that: Spinel: MgO, Al2O3; orthopyroxene: MgO, CaO, FeO, Al2O3, SiO2; quartz: SiO2; Garnet:  MgO, FeO, CaO, Al2O3, SiO2, Plagioclase: CaO, Al2O3, SiO2, Sillimanite:  Al2O3, SiO2, Cordierite: MgO, FeO, Al2O3, SiO2. (20 marks).
5. (a) Given a confining pressure of 15 MPa, find the value of (1 that is capable of causing failure in a rock if (n = 60 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 (()?                    

(b) Find the shear stress on the fault that developed where  (1 is 100 MPa and (3 is 20MPa  and the orientation of (1 to the fault is 30(. What is the competency constant, K for the rock unit? What was the value of the confining pressure at the epicenter and how deep was it?   (20 marks). 

6.  (a) Give a generalized stratigraphy of the Archean and Paleoproterozoic.  What is the significance of detrital zircons? What is the significance of Banded Iron Formations at the end of the Archean as regards the nature of the Atmosphere?

(b) A poly deformed area has recorded three deformation episodes, D1-D3.  D3 is characterised by refolded folds, whose F2 axes plunge to the NW at 20( and F1 fold axes plunge to SE 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?  (b) Differentiate an L-tectonite from an LS-tectonite?  What is the significance of L-tectonites in deformed areas?  (20 Marks).

