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GLY 3332-Structural Geology Paper 1.
Instructions: Answer two questions from section A and three questions from Section B.  Use sketches to illustrate your answers.  All questions in each section carry equal Marks. Total marks =110
SECTION A

1. A road construction company has made a road cut whose dip from the horizontal is at 60( on both the northern and southern flanks in a road that is trending East-West through the Kuiseb Schists and quartzites.  At this particular locality the rocks dip at 30( towards the south.  A jointed quartzite occurring on the northern flank of the road  has the dimensions of 500cm by 400cm at the base and 30 cm thick, and rests conformably on the schists and has been recognised by the road construction company to be unstable.  The Company has duly bolted the quartzite down to the schists with a steel rod inserted normal to the face of the quartzites.  The situation is shown in Figure 1.  Given that the densities of the quartzites and schists are 2.4g/cm3 and 2.2g/cm3 respectively, calculate 

a.  the amount of shear stress that the bolt is compesating (9)
b.  What is the total force being compensated by the bolt? (9)
c.  In order to avoid rock falls from the schists and quartzites, suggest at what angle should the road cut be constructed knowing the dip of the two lithologies. (7)
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Figure 1, for question 1.
2. (a) Distinguish between simple shear and pure shear.  In each case give two examples of structures that may be produced. (6)
(b) Draw a Mohr diagram that illustrates a state of stress indicating (i) Uniaxial Stress state, (ii) hydrostatic stress state, (iii) Axial stress state.
In each case give the value of the maximum shear stress. (6)
(c) The Dila-Dila Kashona quartzite formation is stable with a confining pressure of 30MPa and a differential stress of 100MPa.  However, when a fluid pressure equal to a quarter of the differential stress is introduced the DDK quartzite fractures, with a coefficient of friction of 0.7817.  Find the normal stress and shear stress responsible for failure in the DDK quartzite.  What is the cohesive constant and tensile strength of the rock for the DKK quartzite and what is (13)
3. (a) With use of sketches and diagrams, discuss the following terms (i) Shear strain (ii) plane strain and homogeneous deformation (ii) co-axial and non-coaxial strain. (6)
(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)
 (c) Given that a deformed ellipse has the following semi-axes lengths: S1 = 1.30, S2 =0.6.  The angle ( =25(.  Calculate the values of the Shear strain ((), the combined quadratic elongation (() and the angular displacement (().  (9)
(d) Discuss the merits for calculating logarithmic strain in rocks?  Does that have a bearing on mineral exploration? If yes, how if no why not? (4)
SECTION B-Answer any three questions

4. 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 e 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)
5. (a) Name two processes by which foliation may develop in rocks. (4)
(b) Discuss three reasons why pelites develop better cleavage that psammites. (6)
(c) In areas of limited outcrop, discuss thoroughly how we can use cleavage to determine the closure of anticlines and synclines.  Use sketches to illustrate your answer. (2)
(d) define the term “ facing of  folds”.  (2)
(e) differentiate between disjunctive and domainal cleavage, stating what mechanisms and/or processes are responsible for their formation.(6)
6. (a) Discuss the differences in strain distribution between similar and parallel folds.  Explain why the distribution occurs in the manner that it is observed. (8)
(b) What mechanism is required for the formation of (i) boudins (ii) mullions (iii) slickenside striae, (iv) crenulation cleavage, (iv) fold hingeline lineations.(8)
(c) Which of the fabrics in (b) are penetrative and which are not.  Explain your answer (4)
7. (a) Three deformation events D1, D2 and D3 are recorded in the the Unene area. A reconstruction has been done by an exploration geologist, searching for gold lodes that occur in F1 and F2 fold noses.  D1 was a folding event whose F1 fold axes were refolded by D2.   D2 was non-coaxial and  refolded the F1 folds, such that the F2 fold axes are now trending in a NE-SW direction and plunging at 30° to the northeast.  L1 lineations that formed during D1 are measured at 40° towards the SE and 35(towards the NW.  L2 lineations that parallel F2 axes vary between 32( to the NE and 29°to the NW.  D1 folded a compositionally layered pelite-sandstone-limestone succession.  Both D1 and D2 produced axial planar foliations.  ID3 was a crenulation cleavage forming event developed, whose hinge lines, were more or less parallel to the mineral lineations of D1 (L1).
(i) What type of fold interference pattern would you predict as a result of D1-D2 deformation? (2)
(ii) If down dip lineations had developed during D1 as a result of slip folding, what is their orientation after D2? (4)
(iii) Explain briefly why crenulation cleavage formed during D3? (2)
(iv) If drilling were to be carried out to test for the presence of quartz lodes, suggest the orientation and structures that would be targeted. (4)
(b) Discuss the significance of the following structures with respect to the depth and velocity of fault formation (i) groove lineations (ii) fibre lineations (iii) pseudotachlyte, (iv)nesting grooves and ridges. (8)
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