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Imperial College
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4B Lo BLA td 1 Section AL UBREZ L,
Section A

1. Discuss the various mechanisms which have been proposed to explain

tiie diapiric emplacement of evaporites,

2. Critically discuss the classification of folds,

3. Describe the types of localisation of ore deposits occurring in

folded strata and discuss the mechanical reasons for

preferential development of ore minerals in certain sites.

Section B

4. Qutline the theory of ‘hydraulic fracturing’, By referring to at

least three specific situations indicate the importance of this

mechanism in the development of geolgic structures.

5 How may flow and fracture patterns be used to establish the

shapes of plutons?

Discuss the role of gravity in the development of major thrusts,

7. Describe siaty cleavage and schistosty and discuss their

mechanical significance,

B. Decscribe and account for the progressive evolution of fold

shapes produced when a single competent layer enclosed in a less

competent host material is subjected to principal compressive

stress along the layering,

9. Discuss the value and limitations of experiments in structural

geofogy.

10. Discuss the geometrical problems likely to be encountered in a

region of superposed folding

—24 —



1.

}1, What can be deduced about the mechanics of formation of kink

bands and chevron folds from their geometrical propertiest

<M MRS | B 8 B

1. 'The fractures and linear features repsesented in map 1 have been

obtained from aerial photographs, The exposed sediments are flat-—
{ying but are thought to conceal folded sediments which have
influenced the fracture development in the cover rocks, Indicate
the probable sequence of fracture development, Deduce a pessible
system of stress trajectories from the fracture patterns and
indicate the trend of folds which you would expect to develop in
response to such stress system,

2. Map 2 shows the rocks outcrops in a region of deformed

metasediments. Indicate on this map the solid geology and the
axial traces of the largest folds., Plot the data on a projection
and determine the axial direction of the major folds and the
orientations of their axial surfaces, What are the geometric
relationships of the small and large scale structures? Discuss the
mechanical significance of these structures and deduce the
deformation history of the region,

™~
!

ura-
\ O e~ schistosiy

Congramerale with Prines of padbie
— defarmed pebbies Tattening
' Caicite marple bands — Fold hmgh s
memd poiomie marbie Bangs v Boudinage neck direfions

P Eongation of pebbiEs

[ 4—dyke ONE MILE 0___;"’:___
T
<ERhE> B ] 3 Byl

sMicE L Lo

Discuss the basic concepts of continumn mechanics and illustrate



how they have been applied to the solution of practical problems
arising in geology,

From the Navier-Stokes equation given by

0=*a—p—+ ﬂ@"'u + a ”) ‘0=%+ o il adk
9% an 8y oy Y
and the continuity equation for inconpressibility
_ o ab
T ox 8y

prove that & must always satisfy the biharmonic equatiom
o u 25% u it
0 =- -+ s +
ox g% gy? ayt
where & and # are the components of the displacement rate vector,

P is the hydrostatic pressure and £ the viscosity shear modulus,
Show that & == —-x satisfies this biharmonic equation and is
therefore a valid flow regime, Calculate values of the vector
component v arising under incompressible fiow conditions with the
boundary restrictions ¥= 0, ® =0, Sketch the flow lines and
discuss the geometric significance of the flow,
What is meant by the terms () Lattice energy of a crystal, (&)
Band theory of solidst}
How does Band theory help to explain (a) Crystal formation, (&)
Electrical conductivity,
How does the theoretical strength of a crystal compare with
cbserved values? How are the discrepancies explained?
Distinguish between elastic and plastic deformatiens. How do
elastic meduli of ienic crystals vary with temperature, and how
can the variation be explained?
From the elastic stress-strain relations for an isotropic solid;
() Show that the compressibility K,is related to the Young's
modulus E and Poisson’*s ratio ¥, by the expressioni-
E

=3 (1 =21
(ié) By assuming conditions of plane stress,
y:=fxyF:fzy:= 0, show that plane stress does not generally give
rise to plane strain, i. e. that %ﬁt 0. Deduce the condition
whereby plane stress will give rise to plane strain.
Show that a stress function of the form

¢ =6 + bx*+ exy + dy* + exty

satisfies the biharmonic equation:

oy e a9
¥ amay | gy




: _er¢ ., _8'¢, _ 8t ¢
Given that o, = i Ty =7 Pty = Py

oY

for the stresses as functions of the coordinates,

, find expressions

Assuming c=d=¢e = 0, what do the expressions for the stresses
become? What are the orieniations of the principal stresses in this
case? Do the stresses vary from point to point in the ¥ plane?
What types of faulting can arise when (i) 4> b (ii) A=>a if the
& direction is parallel to the earth' s surface, and the ¥ direction
is perpendicular to the earth’s surface,

8. How may the (4) porosity and (§) permeability of a rock be estimated?
Why is it important to measure these properties of rocks?

9. How do pressure and temperature affect the solubility of (&)
quartz and ({E) calcite in water. Discuss the geological
implications of these effects,

10. What are the environmental variables in natura! rock deformation?

- Indicate how each of these affects the strength and ductility of
rocks,

11. Describe the ways in which pore water influences the behaviour of
rocks under siress, Discuss the possible effects on structural
styles,

12 What features contribute to the anisotropy of natural rocks?
Discuss how theée features can arise. Why is it necessary for
civil and mining engineers to pay éltention tc the anisotropy of
rock masses?

<HREHE> WER 3
sRICE L L

1. What is the evidence for the nature of the boundary between the
Barth’s crust and mantle? What geological data might be used to
determine the history of this interface during the evolution of
the Eartht?

2. ‘Ambiguous geological evidence for continental drift has been
superceded by exact geophysical data supporting plate tectonics’,
Discuss the validity of this statement.

3. How might large scale displacements of the surface of continents
be determined? kEvaluate the geological evidence for vertical and
horizontal displacements within continents.

4. Discuss the effects of other planetary bodies on physical and
chemical processes active in the Earth,

5. Discuss the uses and limitations of experiments in structural
geology.

6. Describe the concept of stress and sirain trajectories and how



they are related in linear elastic and Newloian viscous materials,
Diacuss their use as an aid to the solution of tectlonic problems,
7. Discuss the role of water in the deformotion and fractiure of
rocks,
8 What evidence would you use to deduce the thickness of cover
which obtained when specific sediments or metasediments underwent

deformation?

< ERHERE> : : R E N 8 B
The diagram illustrates the form of an original orthogonal grid
deformed by displacements given by:

X' =% + 2sin (4dsin % + ¥ ), ¥ = 4sin x + ¥
where {(%,¥) represent the original coordinates of any point and
{x',¥') the coordinates after displacement.

Dete rmine by any graphical or analytical method the orientations and

ratios of the principal! finite strains through the deformed body at

a sufficient number of points to be able to determine graphically

the strain trajectiories,

{¢) Draw the strain trajectories,

(b} Construct lines of equal strain rtatio and locate positions where -
the strain ratios attain maximum and minimun values.

{¢) At the positions of maximwn strain ratio determine the directions
of maximun finite shearing strain and locate these directions on
the deformed grid.

{d) Prove that the deformation is a plane strain throughout the body.

(e} Give the conditions for points in the body where the: strain is
irrotational,

Lﬂ Discuss the possible geological significance of this displacement

pattern and the properties of the strain states arising from it.

fEr&E (19 714£08E)
sflicE L Lo : 3 B

L. Describe and account for the progressive evolution of fold shapes
produced when a single competent layer embedded in a less
competent host material is subjected to shortening along the
layering,

2. What are the basic assumptions of the comtinuum mechanics approach
1o rock mechanics, and what are the practical limitalions of
these methods? Give an appraisal of the results of the

—30—
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11.

application of these:. techniques to the solution of geological
probiems, )

How far are the models of progressive pure shear and progressive
simple shear useful in furthering the understanding of the
geometry of naturally deformed rocks?

Discuss the stalement 'a represcntative geological strain rate
is about 8x10 Mgee' . o

Discuss the modes of iutrusion and development of concordant and
discordant minor igneous intrusions,

How may salt plugs be emplaced in sediments not subject to
tectonic disturbance?

What arée the problems of interpreting and explaining the develop-
ment of refatively minor faults and fractures which occur in a
zone alongside a major strike-slip fault?

What are the characieristics of fractures which are of 'practical
importance' to industiry? How may they be assessed]

Discuss the theoretical and experimental basis of our present un-
derstanding of the development of natural rock fabrics,
Distinguish between statically determinate and statically inde~
terminate problems of stress distribution, Discuss, ciling exam—
ples, how theortical analysis of stress distribution has assisted
the undestanding of the development of geological structiures.

The results of 4 triaxial tests al constant strain-rate on a

limestone at 20° C are as follows:?

0, == Uy g, — 0; at failure Residual strength
200 2880 1000
350 3100 1750
5 006 3380 2500
6540 8620 3150

The differential stress, (0, — 03) bars, is quoted for brittle
failure, Residual strength is also given as a differential stress,
In all experiments the fracture surface was inclined at 319 to
the direction of o, '

By a graplical method, deduce the uniaxial compressive strength
of the rock, Why might this be a better estimate of the uniaxial
strength of the rock than is obtained by direct uniaxital test?l

By graphical methods, or otherwise, determine the cohesive shear
strength, 7o, and the coefficients of internal and sliding
friction for the rock. Estimate the confining pressure which
must be applied in order to render this rock ductile, and explain

the assumptions upon which your estimate is based,
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13.

14.

16.

The stability of slopes, dam abutments and foundations is
governed, almost entirely, by the structural disontinuities in the
rock mass in which these engineering struciures are created,

What features and properties of the Sstructural discontinuities are
important in controlling the stability of the engineering
structlures and how would you go about determining these features
and properties?

Why is the virgin stress state in a hard rock mass importan* when
Considering the design of underground powerstation excavation?
Desc;ibe one method which can be used to estimate {he magnitudes
and directions of these stresses,

Discqss the influence of fluid pressure on the deve lopment of
fractures in rocks,

Discuss the interpretation of calcite fabrics in tectonites in

relation to experimental data,

MM EL Lo pART A, B,C M UEA. AR 3BM. (PART B,C R
HconTodD R BEOLHEOLEYHIFTR )

1.

PART A

The diagram illustrates the form of an original orthogonal grid
deformed by displacements given by!:

*'= 2% + sin (2sinx + ) ¥' = 2sinx + ¥
where (X,¥) represent the original coordinates of any point and
(% ¥') the coordinates after displacement.
DetenﬁineAby any graphical or analytical methed the orientation
and ratios of the principal finite strains through the deformed
body at a sufficient number of points to be able to determine
graphically the strain trajectories. Draw the strain
trajectqries.
Construct lines of equal stirain ratie and locate positions where
the strain ratios attain maximum and minimum values,
At the positions of maximum strain ratio determine the directions
of maximum finite shearing strain and locate these directions on
the deformcd grid,
Prove that the deformation is a plane strain through the beody,
Give the conditions for points in the body where the strain is
irrotational. _
Discuss the possible geological significance of this displacement

battern and the propertiies of the strain states arising from it,
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PART B
7. Name and briefly describe the linear structares seen in specimens
Pl to P6., Give interpretations as 1o their possible modes of
origin,
8. Describe and <omment on the structural significance of
specimens and photographs Q! 1o QQ9,

PART C
The figure illustrates the appearance of structures seen in a
quarry cut inio a massive, well-jointed,fine-grained granite, The
quarry faces are paralliel to two main joint directions; face A
(joint set A) sirikes 95° apd dips 70° 1o the south , face B
{joint set B) strires 10° and is vertical, A zone of curved
quartz—filled veins is exposed on the joint faces, the trace of
the zone plunges 8° towards 272° on face A, and plunges 13°
towards 190° on face B, At locality X on face B measurements
were made of the orientiations of individual parts of the quartz
veins as shown in the diagram, Slight slickensiding was observed
on joint face B plunging 21 degrees towards 10° and it appeared
that the east side of the fracture had moved towards the south
reiative 1o the west side, Slickensides on face B were very
weakly developed, subhorizontal, and no clear indication of
relative movements could be determined,

9. Determine the orientation of the zome of veins.

10. Discuss the geometrical forms of the quartz veins, the reasons
for the vein morphology, and the reasons for the vein patterns as
exposed on the outcrop surface.

11. Deduce the deformation histeory of the zone and determine the
approximate posilions of the principal stresses which led Lo its
develoment,

12 Determine the positions of the principal stress directions which

led to the joint sets A and B, assuning that both were synchronous,
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