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	Instructions
· Closed book examination
· Answer any four questions.
· Recommendation: read all subordinate questions first before you answer.
· Calculators and stereonets are allowed.


1. Mr Kapena Iilonga who worked in an underground mine replete with carbonate rocks that possessed ooids and oncoliths in the Otavi Mountainland measured their “x”, “y”, and “z” axes.  He found out that he could represent this information on a Flinn diagram as:
xav/yav = 2.916; and yav/zav = 1.6
Where the subscript av means average.
(I) Given that loge(1+V) = e1 + e2 +e3; such that e2= 0.2, find the volume change that occurred in the carbonate rocks. 		[10]
(II) Plot this result on a Flinn diagram and discuss its significance with respect to mineralisation 					[5]
(III) Find the individual values of e1 and e3			[6]
(IV) Suggest the kind of structures likely to be found in this area.[4]
Solution
(i) a = ln x- ln y = 2.961; b = ln y- ln z = 1.6
then calculate e1 and e3: therefore: e1-e2 = 1.07; e2-e3 = 0.47
Then e1= 1.27, e2 is given and e3 = -0.27
	V = 2.3
(ii) Plot on a graph paper with Y-axis = x/y = 2.916 and X axis = y/z = 1.6
(iii) As in part (i)
(iv) This is constriction zone, we obtain lineated elongate and cylindrical structures such as folds, lineations

2. Discuss:
(i) why and how is ductility controlled in a crystal undergoing plastic flow deformation.								[10]
(ii) the role played by fluids during deformation.			[8]
(iii) Discuss the effect of temperature ( use 100C; 350-400C and 700-800C) on strain rate in the crust where rocks are undergoing deformation.	[7]
Solution
(i) Ductility is controlled by temperature, rheology and strain rate. At high temperatures the strain rates will be lower and ductility will be higher. At low temperatures ductility will lower and strain rates will as well be low, if they are increased, the rock will transit to brittle failure without any ductility.
(ii) Fluids during deformation reduce the effective differential stress required to deform the rock. At lower depths in crust, near the surface, the role of fluid is to aid rock fracture at a lower differential stress; at deeper levels, fluid enhances deformation by promoting high ductility conditions.
(iii) Temperature has an effect on strain rate as it influences the ductility of the rock. At low temperatures, you require higher strainrates; as temperatures increase, the strain rates decrease as well as it becomes easier to deform the rock.

3. In the Mulishani Shear zone,  Mr Kayi Kayi recorded the following structures: So was cut by three cleavages ; he named the axial planar cleavage S1, and a low angle cleavage S1b; and small kink folds affected his S1.  In the Bamba Zonke area he saw that dome- mushroom crescent fold patterns were ubiquitous, implying that his naming of S1b was wrong. He re-investigated S1b in detail, and noticed that in some places it was actually crenulated by a later episode, which he now ascribed as D3. He saw two sets of lineations, a folded one and the other was not folded.  Another observation was that along the F2 fold axes occurred sulphide-gold bearing quartz veins.
(i) What fabric was assigned as S0 by Mr Kayi Kayi?				[5]
(ii) What is the correct assignation of S1b?					[5]
(iii) Name the structures that belong to D1, D2 and D3				[8]
(iv) Discuss the geometrical relationship between gold bearing veins and F1?	[7]
Solution
(i) Bedding
(ii) S1b=S2
(iii) D1-folding, F1; and S1 axial planar cleavage; D2- folding, F2, refolding of F1; axial planar cleavage, S2;  also kinking; D3-crenulation cleavage
(iv) Since we have dome- crecent mushroom; F1 and F2 are at different angles, and gold veins have intruded along the S2 cleavage, meaning perpendicular to the F1 folds.

4. Discuss the generalised stratigraphy of the Archean.  Your discussion must take into account important events that can be observed in the rock history.	[25]

Solution
The Archaen was dominated by basic volcanism,  which dominated; followed by intermediate volcanism and finally minor felsic volcanism.  The volcanic rocks were later intruded, first by TTGs (tonalitite-trondjemite- Granitoids); reflecting the minor subduction and rifting that occurred.  Above these igneous rocks, occurred minor sedimentary rocks.  These rocks increased in the mid Archean (sediments) from the erosion of volcanic and plutonic rocks. Thus the presence of volcanosedimentary units dominates the sedimentary sequence.  The oceans had carbonate rocks that accumulated when the oceans evolved.  Towards the end of the Archaen, quartzites and BIFs increased, indicating a change of atmospheric conditions from an oxygen poor(nitrogen rich)  to oxygen rich conditions that favoursed much more sedimentation in the Paleoproterozoic.

5. A poly deformed area in the Wati ngeipi terrane records D1-D3 deformation events. D2 is characterised by folds whose F2 fold axes plunge to the NE at 20 and F1 fold axes plunge to the SW at 60. F2 occurred at greenschist facies grade.  D3 is a major faulting event in the area.  If down dip lineations had developed  during the F1 episode, what would be their orientation in D2? Discuss whether you expect the development of crenulation cleavage in the Wati ngeipi area.		[10, 15]
Solution
L1 in F2 will plunge to the NE at 20					[10]
Since we have the S1 fabric being folded in D2, we expect crenulation to develop if deformation is at low temperatures. At greenschist facies, we expect crenulation cleavage.								[15]
END OF EXAM
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