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THE UNIVERSITY OF ZAMBIA
UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER, 1994
66210
PHYSICAL GEGLOGY
THECRY PAPER 1

TIME. THREE HOURS

INSTRUCTIONS: ANSWER ANY FIVE QUESTIONS USING NEAT SKETCHES
WHENEVER PGSSIBLE. ALL QUESTIONS CARRY EQUAL
MARKS.

1. Name and describe the six {6) main structural classes
of silicates giving at least one mineral example for
each class,

Z. (a) On what basis are ignecus rocks classified and
identified?

{b) HName the main classes of ignwous rocks and describe
briefly the characteristics of cach class, giving
o rock example.

(c) Compar< and contrast the foliowing:

(1) Phanzritic and aphanitic

(ii) Pophyritic and egquigranular

(i1i) Cryptocrystalline and microcrystalline
(iv) Lava and kagma

{(d) What conclusion can be drawn from two igncous rocks
one of which is phaneritic and the other aphanitic?

3. (a) Briefly describe the processos involved in the
formation of sedimentary rocks.

(b) What interpictations can you draw from sedimentary
structurvs such as cross-bedding, graded bedding and
oscilaticn ripples?

(c) Write brief notes on the following sedimentary rocks:
(i) Arkose (ii) Orthoquartzitc
Commcuit on the maturity and length of transportaticn

B p
of these rocks.



(d)

(2)

(<)

(d)

()

(b)

{c)

(b)

(c)

Petroloum iorms in siales and accumulates in

sandstoncs, why?

Compar: and contrast the threc (3] types of

me tamorphism.

Whnt dows the fellowing sequence of metamorphic

rocks indicate?
Slate Payliite Schist Gneiss

Which mevzamophic rock underlies the most part of

Lusaks? want arc some of its uses?

The rock nomed in {¢) is crystalliine yet it is able
to retoin vast amouants of underground water.
Discuss the processes and features which facilitate
the locztion of water in such o rock.

Neme and briefly describe two fuadamentul concepts
which formed the busis for the plate tectonics
theory.

Name znd briefly describe the toirce types ol plate

r characteristics.

¢

boundarics poying attention to tho

How do you think the young mountain ranges such a
the Andes (South America) =nd tho Rockies {North

America) were formed?

Zzmbia structuraily is made up of scveral mobile
belts. HName the four belts ond zlsc indicate at
least ono type of minerzlisatiocn of economic N
importzace or poiential associated with each of the
belts.

Whzt is an industrisl mineral? List at least five
(5) industyial mincerals/rocks currently being
workcd in Zeambis oand state thelr usc.

Tin mineralization in Choma, Zombia, is associated

with veins. How do the veins form?



Open
many
5O0ME
that

Pit Mining, such as Cocl Mining at Haamba, has
environmental problems associzted with it.  DPiscuss
of these problems and suggest some difficultics

may hindoer their control.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER 1954

CE 423 - ENGINEERING GEOLOGY
GG 213 - PRINCIPLES OF GEOLOGY I

PAPER 1: THEORY

TIME: THREE HOURS

INSTRUCTIONS:

ANSWER ANY FIVE (5) QUESTIONS USING NEAT SKETCHES WHEREVEK
POSSIBLE. ALL QUESTIONS CARRRY EQUAL MARKS.

1. (a) Define the terms crystal and mineral.

(b) List the seven crystal systems and state the symmetry
elements which characterise each of the systems.

{(c) List six physical properties of minerals and define
two of these. '

2. (a) Define the term metamorphism.

(b) Write brief notes on the three types of metamorphism.

(i) Contact
(ii) Dislocation
(iii) Regional

(c) Generally what metamorphic rock types would form by
subjecting the following rocks to contact

metamorphism:

(i) Sandstone
(ii) Limestone
(iid) Shale

(d) Briefly describe what pneumatolysis is, giving two
mineral examples which may form as a result of
this process.

3. Write brief notes on the mineralogy, texture and
industrial uses of the following rocks:

(a) Limestone (d) Basalt
(b) Slate (e) Granite
(c) Sandstone



{2}

(b)

(c)

(da)

(a)

(c)
(d)

(a)

(b)

(c)

What is weathering?

Briefly describe what causes the following types
of weathering:

(i) Mechanical
(ii) Chemical
{(ii1) Biological

Name and write short notes on the four processes
which facilitate chemical weathering.

What do vou think are the main products of
weathering?

Name the two broad categories of deformation taking
place in the earth's crust.

Describe the differences between an anticline and
a syncline.

What are the differences between a joint and a fault.

Write short notes on a normal fault and a reverse
fault.

Describe briefly how a rift valley on graben forms.

Describe briefly how the following affect the
strength of geological materials:

(i) Burial

(ii) Uplift

{iii) Fractures

(iv) Mineral composition

Define the following atterberg limits and state
their use in Engineering:

(i) Liguid limit
{(1i) Plastic limit
(iii) Plasticity index

Using Fig. 1 classify the following materials:

(i) Sandy silt
{ii) Silt
(ii1i) Silty clay

(iv) Clay

N



7. (a) The design of ground anchor systems in rock is
dependent on the availability of certain geological
data. State four geological factors needed for
this.

(b) A block of rock weighing 6000 N lies on a joint
surface dipping 70° into a road tunnel. BAn attempt
is made to support this block by using an anchor
system. This system involves the use of a steel rod
passed through a hole drilled at 40° and grouted at
the end of the hole. A force of 2000 N is applied to
the rod by tightening a nut at the other end.
Determine whether or not the block is safe and give
reason(s).

- — e v e e Wb W e e . e W W G e M S G A e e e A W e Gme W Ve SRS G e e e e v W AR e e G e G e M G G e e A WR e e W e S e e e e

END OF EXAMINATION
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CE 423-ENGINEERING GEOLOGY
GG 213 -PRINCIPLES OF GEOLOGY I
THEORY PAPER 1

100 +

Plasticity
Index

/

Water Content (%)

Fig. 1: Atterberg limits classification diagram



THE UNIVERSITY OF ZAMBIA
UNIVERSITY EX INATIONS - NOVEMBER/DECEMBER, 1994
GGZ10

PEYSI1CaL GEOLOGY
PRACTICAL PAPER 11

THR: THREE HOURS

INSTRUCTIONS: »NSWER ALL QUESTIONS

1. (2) Detvrmine =11 the ¢lements of symmetry present on
crystal moduls A and B, Classify these crystals
intc crystal systems. Make moet sketches of these
m53uis 1nd1cat1mg o them the essentizl elements

of symmeiry.

(b) Coavert the following Weis®s parameters into Milic
indices chowing 211 the stages
(i) ooz, ib, YMc (ii) 2e,ib,24c (iii)a,ubd
(iv) iz, o9ob, oOc

(¢) Name mineral spoecimens 1-3 giving the distinguishing

physical properties in each ¢ase

(d) Neme rock specimens 4-6 giving the distinguishing
featurcs in ezch case. Stats with reason{s) whether

the rock spscimen is ignecus, sedimentary or

retamorphic,
Z. (a) Study Figure 1 very carefelly and d¢ the following:

(i) Group the varivas rocks into ignecus, scdimontn

ana mecamorphic,

(ii}) Write an acc-unt of thoe Getlogical History.

-~

(b) Consider Figure 2 carefully and do the following:

(i) Drzw structure lines f:r ench contact and
iabel these lines carefully. Determine
the strike, dip and dip directicn of the
T :CKS.

(ii) Draw a cross section along line A-A' and
determine true thickmess of layers W,X, ama
Y.



3.

(1i1i) &hade on the tigure and zecticn where you

woula loccate & bureholc that woulce interest

(iv) ¥ri izt acccunt of the Geolegical

A magnetic survey was oonducted in an arca whose geology
is shown in Figure 3.1. The result c¢i this survey, a
magnetic contour map, is given in Figure 3.Z.  Iaterpret
the magnetic an-malies with reivroace © the genlogy,
giving reasons why these anomalics are attzimed and why

they are ot c-mntinous.

Lyraw a magnetic profilc slong line BB'. 1f o gravity
survey was undertaken over the same aren, would you

£

expect @ similar picture?  EBxploia.

END OF EXAMINATION
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GG 210 — PHYSICAL GEOLOGY
PRACTICAL PAPER I

Granite
conglomerate Dyke I

Limestor

+ o+ o+ o+ o+
+ o+ v+

/

Fault Aureole Dyke Granite

Fig 1 Block diagram for question 2 (a)



UNIVERSITY OF ZAMBIA EXAMS- NOV. 1994
GG 210 -PHYSICAL GEOLOGY
PRACTICAL PAPER T
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Fig. 2: Geological map



UNIVERSITY OF ZAMBIA EXAMS- NOV. 1994
GG 210 PHYSICAL GEOLOGY

PRACTICAL PAPER TIL

+

Fig. 3.1 Geological sketch map of the Survey Area

m\
B

KEY
C?OO Contour line
o ——o—  Traverse line

W
"600 B

Fig. 3.2 Sketch of a magnetic anomaly detected over the
Survey Area
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THE UNIVERSITY OF ZAMBIA
UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER 1994
GG 310
MINERALOGCY AND PETROLOGY
PAPER I: THEORY
TIME: THREE HOURS
ANSWER:  ALL QUESTIONS

USTRATE YOUR ANSWERS WITH SKETCHES WHEREVER POSSIBLE

CRYSTALLOGRAPHY AND MINERALOGY

1. Discuss the classification and chemistry of the
feldspar group. Explain how temperature controls the
crystal structure and chemical composition of the
feldSpars. {(20%)

)

Describe the structure and mineralogy of the following
mineral groups:-

{a) pyroxene group

(b) olivine group

{¢) mica group

{d) amphibole group (30%)



-

Answer all guesiions

i. Give pbrief account on the followings:-
(a) Andesite
{b) Ophitic texture
{¢) diagenesis
{d) Retrograde metamcrphism
(e} gneisses (15%)

]

. What are the main modes of vccurrences of igneous rocks?
(15%)

(5]

{a} Briefly give the main characteristics of arenaceous
rocks.

{b) Discuss kriefly the main characteristics of
contact metamorphism. {20%)

[




THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - AUGUST 1994

GG _321

STRATIGRAPHY AND PHOTOGEOLOGY

PRACTICAL
PAPER 11
TIME: THREE HOURS
ANSWER: ALL QUESTIONS
1. {a) What is the principal point of an air photograph?
(b) What is a nadir point of vertical air photograph;7
(¢) How do you obtain the scale of an air photograph?,
(10 marks)
2. What affects the appearance of an air photograph?
(10 marks)
3. Provide a fully annotated photogeological interpretation
on the central air photograph of the three photographs
supplied.

- Indicate the air photo numbers and define the
working boundary on the provided transparent paper.

- Write a brief account of the photogeology of the
annotated area. (80 marks)

END OF EXAMINATION
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ihe UnIVERSITY UF ZA0BiA

UNIVERSITY EXAMINATIONS - NOYEMBER/DECEMBER, 1994

TIME:

INSTRUCTIONS

GG323

PRINCIPLES OF GROLOGY 11X

THEORY PAPER 1

THREE HOURS

ANSWER ANY FIVE QUECTIONS USING NEAT

ILLUSTRATIONS WHENEVER POSSIBLE. ALL
QUESTIONS CARRY EQUAL MARKS

(1)

(ii)

()
(b)

(<)

Define the folliowing:

(a) Structural Gelogy
{b) Stress

(c) Strain

{d) Elastic deformation
{¢) Plastic deformarion
(£} Confining pressurs
{g) Rapture

(h) Differential forces
(i} Foid

(i} Fault

Discuss how the £21lowing fzcicrs affect the

bhoehavicur of materiais:

(;) Temperature
(b} Time

{¢} Pore pressurc
(¢) Solutimas

What is sterecgraphic projection?

Straciuvres such as foids, faults, mineral lincatioms
» 2

3

e represented in stoerecgraphic projecticn by

~

o

4

nnking use of Pi-diagrams end B-diagrams. Describe
cw t

sse¢ diagroms ore constructed and <iscuss

oy

h
their use and limications.
If the number of Schistosity planes 1s 30, what

wiould be the pumber f intersccticons?



(3) Show hrw o plane striking NE-SW and <dipping Sk
would plot as o poile in the plane of projection,

Describe the £:11owing structurasl < mailns in Zambia 1n

terms oFf the major rocks underiying them, their ag 3-8

)..x
=
&a!
i

mnjor struciural troends and the zssocizted miners

{(2) The Lutilicn Arc
(b)

{c) the wmozombigue Belt

Tyoumide Belt

() The ©Mit-Zambuezi Veoiley

i discuss briefly whnt is involved in tho
ive stages of exploration for o sulphide mineral
depusit in an area of say 46,000KkmZ2. Particular nttenticn

shculd be given to methods that would be emplicyed at

Roviow the main types of ore deposits associated with

internel mapmatic pProcesses,

(223 What is oan energy mincrol?  {Give an cxample)

{(b) How Jdees il in sheles form?

{c) Would o sandstene form 2 gl roservoir rock?

() Hescribe the vorisus types ~f traps which

by

arilitate the retention ~f 11 in racks.

ENI OF EXAMINATION



THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - KWOVEMBER/DECEMBER, 199:

GG3z3

PRINCIPLES OF GEOLDGY 1%

PRACTICAL PAPER 17I

Tipliz: ONE AND HALF (13) HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS.

The zpparont dips on & saudst se bed were measure? in
tw> vertical joints. One joint strikes NSOCE and its

apparent «Jdip is 40°NE. The <ther joint trends due

North znd its apparent dip is 30°S, Jdetermine:

tn

(2) Tac z=ttitude 2f the sandst one bed
(b) The spperent dip «f the sandstrne bed as scen in
a yertical joint trending N38°W.

{c) The bearing and plunge ~{ the zpparent dip as seen

in 7 joint striking N90°E and dipping 20°N.

(¢) The true angle between intersccticns of the sandst:

bed znd the two vertical joints.

An aeromognetic survey conducted over an area, the
Geclopy <f which is represented by Fig 1, produced a
centour map shown in Fig., 2. Study the two figures
cerefully ond doc the folliwing:

{a) To which rock types cap anocmalous values of over
750 Gomma be attributed and why?

{b) Which areas om Fig. 2 would you recommend for follow

up by ground magnetic methods?

{c) Sketch z profile al ng line AB.

L2

END OF EXAMINATION



UNIVERSITY OF ZAMBIA EXAMS-NOV. 1994
GG323 -PRINCIPLES OF GEOLOGY II
PRACTICAL PAPER I
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Intermediate dyke

Basic metamorphic rock
Acid metamorphic rock

30m

Intermediate metamorphic rock

Fig. 1: Geological map of a surveyed area

Al 5 9 13 17 21 25 N
Cxioo\\_} SOOAT %k

U e SO
N N (= 0 30m
= \:—C/"‘(’o @ %ﬁ —

K\K Q (5\0_0:> ,-500;?_8 > 05
wl AN SE )

Fig. 2: Aeromagnetic map over a surveyed area; Contours join
points of equal magnetic intensity (gamma)
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THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATICNS - NOVEMBEK/DECEMBER, 1994

G5 337

STRUCTURAL GEOLOGY

PAPER 1 THEORY

TIME: THREE HOURS

ANSWER: QUESTIGNS 1 AND 2 AND ANY OTHER THREE QUESTIONS.
EACH GUESTION CARRIES EQUAL mARKS

1. Define brittle and ductile behavior. TFor each type
¢f behaviorx:

{(a) Show a typicail stress - sirain curve.

(b} In what part of the Earth's crust do rocks display

this type ovi behaviour?

{c) Describe ithe characteristic types o0f structures
that are produced.
2. Usc the appropriate classificativn schcme to name

precisely tie structures in Figere 1 {a to m).

3. Assum¢ that during the coursc of geological mapping
you found certain strata to be repeztec aad you suspect
the presencs: of a fault. What featurcs would you look

out for to confirm this?

4. Use a piohr circle to fand the normal stress and shoar
stress on plancs inclined 2t an angle of 30° and 45° with rosp-
ect to €7, whea 07 = 600kg/cm? and 03 = 300 kg/cm?.

5. Definc the following terms:
{a) progressivce deformation
{b) Young’s modulus
{c) Thingc surface
{(d) choevron folé
(¢) shear joints

(f) gradcd bodding



e

{g} ripple marks

{(h) angular unconformity

(i) foult slip

{j)} slickenside

Describe the mnin types of foliation and describe how

thecy are formed.

Describe the maln types of ilinentions and state how

they are formed.

5

END GF EXAMINATION
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THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER, 1994

GG 332

STRUCTURAL GEOLOGY Il

PAPER II PRACTICAL

TIME: THREE HOURS

ANSWER: ALL QUESTIONS

1. A geological map is provided (Fig. 1).

(a) Draw cross-section A-B to natural scale.
(b) Determine the attitude of the fault.

(c) Determine the attitudes of the beds.

(d) Make = gecological account of the arez.

2. The attitude of a limestone bed is N345E/275W on 2
slope inclined 15° to the E.

(a) Determine the thickmess of the¢ limestone if the
outcrop width is 245m.

(b) Determinc the thickness of the limestone if the
outcrop width measured oblique to the strike (at
an angle of 35°) is 350m.

3. On Figure 2 borchole A passes through a coal seam at
a depth of 50m 2nd reaches a lower seam at a depth
of 150m. Borcholes B and C reach the lower seam at
depths of 50m and 150m, respectively.

(a) Determine the strike and dip of the seams,
assuming the vertical separation remains constant
(100m).

(b) Draw in the outcrops of the scams.

{(c) The upper scam can be strip-mined where the
overburden is less than 50m. Indicate this area
on the map.

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER, 1994

GG410

IGNEOUS AND METAMORPHIC PETROLOGY
THEORY

PAPER 1

TIME: THREE HOURS

ILLUSTRATE YOUR ANSWERS WITH SKETCHES WHEREVER
POSSIBLE

SECTION A
Answer question ONE and any other two. questions

(i) Explain the difference between hypersolvus and
subsolvus granites 10%

(ii) Give brief account of the following
.(a) . Reaction rim (corona) texture
(b) geothermal gradient 10%

Various processes can account for the diversity of
magmas that may be derived from one single parent
magma. Describe these processes and indicate their
relative importance. 15%

Summarise the characteristics of the following rocks

or rock suites and indicate their usual plate tectomnic
setting

(a) tholeiitic basalts
(b) shoshonites
(c) lamprophyres ‘ 15%

Give the scquence of the layers that constitute the
oceanic crust and briefly explain the origin of the
layering. Where would it be possible to sample study
oceanic crust at the earth's surface? 15%



SECTION B

Answer all questioms.

Name the facies of regional.neta-orphis-. Describe

the characteristic minerals assemblage of each facies

for pelitin and basic rocks paying most attention to

those minerals which are diagnostic for each facies.
15%

Define and discuss briefly:-

(a) Metasomatism

(b) Anatexis

(c) paired metamorphic belt

fd) Migmatite

(e) Index mineral 15%

(a) Use the thermodynamic data given below to determine
whether wollastonite would be formed in the system
CaCoS- Slo2 under STD conditions.

Calcite AHf® s°

Carbon

dioxide -94,051 51,06

Wollas-

tonite 390,640 19.60

(b) Discuss briefly the role of pressure and temperaturc

(c)

on the stability of phases in the systems CaCo,-510,

and AIZSIOS

A calcareous shale whose chemical composition is
given in table 1 is intruded by a dry magma.  Use
table 1 tc construct an AFC diagram. Determine
the equilibrium mineral assemblage which yocu would
expect to form in the shale near the contact with
the intrusion;a;

¢




Table 1

S10 2
Alz 04
Fey 0
Fe 0
MnO
MgO
Ca0

P20s
[Co2

25.05%
8.28%
0.27%
2,413
4.11%
2.61%

27.87%
0.08%
24,20%

20%

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER, 1994

GG410

IGNEOUS AND METAMORPHIC PETROLOGY
THEORY

PAPER I

TIME: THREE HOURS

ILLUSTRATE YOUR ANSWERS WITH SKETCHES UHBREVBR
POSSIBLE

1.

SECTION A
Answer question ONE and any other two questions

(i) Explain the difference between hypersolvus and
subsolvus granites 10%

(ii) Give brief account of the following
(3) . Reaction rim (corona) texture
(b) geothermal gradient 10%

Various processes can account for the diversity of
magmas that may be derived from one single parent
magma,. Describe these processes and indicate their
relative importance. 15%

Summarise the characteristics of the following rocks
or rock suites and indicate their usual plate tectonic
setting

(a)  tholeiitic basalts
(b) shoshonites
(c) lamprophyres 15%

Give the scquence of the layers that constitute the
oceanic crust and briefly explain the origin of the
layering. Where would it be possible to sample study
oceanic crust at the earth's surface?  15%



3.

SECTION B

Answer all questions.

Name the facies of regional metamorphism. Describe
the characteristic minerals asscmblage of éach facies
for pelitin and basic rocks paying most attention to
those minerals which are diagnostic for each facies.

15%
Define and discuss briefly:-
(a) Mctasomatisam
(b) Anatexis
(c) paired metamorphic belt.
(d) Migmatite
(e) Index mineral 15%

(a) Use the thermodynamic data given below to determine
whether wollastonite would be formed in the system
CaCos- Slo2 under STD conditions.

Calcite AHE® S°

- =288,592 272,15
Carbon
dioxide -94,051 51,06
Wollas-
tonite 390,640 19.60

(b) Discuss briefly the role of pressure and temperaturc

on the stability of phases in the systems CaC03-8102
and AIZSIOS

(c) A calcareocus shale whose chemical composition is
given in table 1 is intruded by a dry magma. Use
table 1 tc construct am AFC diagram. Determine
the equilibrium mineral assemblage which you would
expect to form in the shale near the contact with
the intrusion. '



Table 1

Sio2
Alz 03
Fe, O
Fe 0
MnO
MgO
Ca0
P20s

Co,

25.05%
8.28%
0.27%
2.41%
4.11%
2,61%

27.87%
0.08%

24.20%

20%

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER, 1994

GG410
IGNEOUS AND METAMORPHIC PETROLOGY

PRACTICAL
PAPER 11

TIME: THREE HOURS

ANSWER: ALL QUESTIONS

1.

4.

Thin Section A:-

(a) On the description form provided, fully describe
all minerals.

(b) Estimate the modal composition .
(c) Classify the rock according to the IUGS system

20%

Thin Section B

Give a complete petrographin description of thin
Section D, emphasizing on the following

(a) mineralogy

(b) texture

(c) metamorphic history

(d) metamorphic grade
30%

Thin Section C amd=h" -

Discuss the textures of thin sections C amd=P and
name the rocks accordingly

20%
Use thc whole rock analysis givem in table 1 to amswer
the following questions:-

(2) Classify the rock units on the basis of silica
content, s¥ideeaegsturation and alumina saturation.

(b) Calculatc the CIPW normative composition of one
of the rock units.



Table 1

510, 50.78% 75.4%
T10, 0.77 0.1
AL o, 20.40 | 13.3
Fg 0, 1.75 0.3
Feo 6.2 0.74
MnO | 0.09 ~ 0.08
Mg0 ' 6.49 0,12
Ca0 | 10.24 - 0.48
N3, 0 2.24 4.1
K0 0.45 4.5
B, 0 0.05 0.01
H,0 0.65 0.46

30%

END OF EXAMINATION



(b}

{c)

(b)
(c)

(d)

THE UNIVERSTITY OF 7AMRBTA

UNTVERSITY EXAMINATIONS - AUGUST 1994

GG 421

SEDIMENTOLOGY

~{

PAPFR

THREFE HOURS

ANY FIVE QUESTTONS. ALI. QURESTTON CARRY FRQUATL
MARKS. TUSF SKETCHES WHFRF POSSTRLE.

What is the difference between cement and matvix
regarding clastic sedimentary rocks? Outline
the different types of matrix observable in
clastic sedimentary rocks and liat the common
cement types found.

Distinguish between watrix and cement of
carbonate rocks.

Define four of the foljowing:

(i) bioturbation

{(ii) sphericity vs roundness
(iii) antidunes

{iv) imbhrication

{(v) desiceation cracks

Discuss the significance aof arass-strarification.

What are the main distinctive cross-bedding styles.

Outline five processes from which a number of common

structures are formed. Give an example of a
structure far each proness.

outline the forms of mavement of grains in hedload

transport.,

ot



3. (a) Contrast between bhraided stream and meandering in
terms of
(i) common elements to the model
{i1) in channel deposits and
(ii1) seguences
{b) Distinguish between proximal and distal trends
on an alluvial fan setting,
4 {a) O©Outline the various factors that gavern the
the distribution of sediments in deltas.
{h) Briefly outline the three pracesses in a fluvial
dominated delta.
5. {a) What is a2 turbidite?
(b)Y What are the expected proxiwal to distal changes
in turhidites,.
6. Describe the important features of aeclian deposits

characterisgtic in Desert envivonments.

- - - - - -
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END OF EXAMTNATION



THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - AUGUST 1994

GG 421

SEDIMENTOLOGY

PRACTICAL

PAPER IT7

TIME: THREE HOURS

ANSWER: ALL QUESTIONS

e e e o o m = - = e A M - e W em e e e W M M S e M W M e e M A T T e em e G R W Am S G e ol RS e e e s e e

1. Briefly define the following terms:
(a) grain size limits
(i) medium sand
(ii) granule
(1ii) very fine sand
(b) sSkewness

(¢) 8tandard deviation
(d) Sorting (6 marks)
2. (a) Name three graphic representation of grain sires
and the parameters calculated.

(b) What is the sigificance of these parameters?
(6 marks)

3. Distinguish between textural and compositional maturity.
{3 marks)

4. (a) Describe the five handspecimens and corresponding
thin sections;: providing the full mineralogy,
structures, features, etc. (You are to spend about
30 minutes on each sample/thin section and pass it
to your friend). (75 marks)

(b) Classify the rocks in (a) using appropriate
classification and state the possibhle depositional
environment for each rock. (10 marks)

. = mm mm - - e - = A e e M Am e e e R T e . e e S e S e S e e e M S W e T M e S Mk AR Se S e e S e e e e S el e e e

END OF EXAMTINATION



THE UNIVERSITY CF ZAMBIA

UNIVERSITY EXAMINATICNS - NOVEMEER,/DECEMBER 1994

ANSWER : QUESTIONS 1 AND 2 AND ANY OTHER THREE QUESTIONS.

ILLUSTRATE YOUR ANSWERS WHEREVER POSSIBLE.

1. Explain how the movement of lithospheric plates relative
to each other can be determined from the study of
valeomagnetism.

2. (a) Explain the origin and development of divergen: plate

boundaries.

{b) Describe the deminant structures that form in areas
of crustal extension and lithospheric thinning.

{c) Give an ezample of present day vifting and explain
its evolution.

3 Fold-and-thrust belts are structural assemblages found in
speciiic plate-tectonic settings.

(a) Describe and illustrate a fold-and-thrust belt,
indicating the typical structures observed in such a
belt, the geoctectonic environment in which it is
formed, and the crustal elements that are involved.

(b} The deformation style in fold-and-thrust belts is
aisoc known as ‘thin-skinned® tectonics. Why?

{(c} GCive an example of a Zambian fold-and-thrust peltf.

4. One of the processes by which rocks may deform in response
to stress is by intracrvztalline translation gliding.

{a) Briefly explain how deformation of a rock is
achieved by this process.



L

D nteracted by processes of
procezses and
gliding.
fc) The effects of all these processes may be cbserved
microscopically List the features that are
indicative of these processes.
{a) Can you
{h)}
(o) from larger

u deduce the sense of shear from small
d ecd icroscopic scale)

Cratons are surrounded or cut by mobile bhelts on the
geotectonic map of Africa. ©Describe in general terms
=uok biage mayv have evolved.

END OF EXAMINATION



TiME

THE UNIVERSITY OF ZAMBIA

UNIVERSITY BEXAMINATIONS - NOVESABER/DECEMBER, 1994

GG 437

STRUCTURAL GEOLOG}

PAPER {1 PRACTICAL

: THREE HOUKRS

ANSWER:  ALL THREE QUESTIONS. USE TRANSPARENT OVERLAYS

FOR STEREGGRAPHIC PROSECTION

Figure 1 is 2 mup showing the rock cutcreps in a flat

avez of deformed metasedinents.

{2} Indicite the solid geology on the map and add
cnough mzp symbols to make the structure clear.

Discuss 211l evidence.

{£) Wwhat is the attitude of the fold axes and zxial

planes of £folds prescnt?

{c) How cam the folds be characterized in terms of

attitude znd tightness?

() How does the direction of necking of the boudins
rvlate to the larger structure? Sketch this

relation schematically.

(¢) Draw - cross section to scale irom 4 to B using
the sams hovizoatzl scole as on the map.

Figure 2 and 3 {on tramsparcncies) show structurc -
contour maps for the depth of the top ond bottom cf

1 porose sandscone on the basis of drillhcle information.

(a) With the aid o¢f thesce maps construct an iscpachyte

map {simplificd as an iscochore mep) for the sandstone on th

tracing papey Drovided.

IS
(b} Indicnte «n the map where you wiuld propose €0
Ariil for <1 and explain why.
{¢) Iliustratc yvour answer with a suitable cross-

sectiomn,



The folilowing strike z2ad Jip mensurements were taken
at a serics « f staticns zeross a fo14ed surface.  The
i

cns develioped on this

Prlot this dots on a sterecgraphic

jod s
f‘F

v
s
=]
4]
&
&
Pk
4
v.S

¢ following questicns:
(2) Do the lincaticms predate or postdnte the folding?
State your ovidence.

{b} whazt can

you say about the mechianism of £21ling
bascd om the lipeation distributiom?

Staticn Attitude of layer Attitude ¢f lineations
1 308°, 0ZSW 62, 18¢°

[aW]

129°, 18SW 14, 178°
318%, 50SW 36, 167°
133°, 10 NE 08, 002°
311°, 24 NE 18, 358°
130°, 40 NE 39, 353°

el

[ 72 B S #L

END OF EXAMINATION



GG 432 PAPER I

§

§

|

Conglomerate with stretched pebbles /
Calcite marble bands

Dolomite marble bands

Figure |

- pirection of boudinage

necking

2
8
N\
- . o 1:200
- Mica schist / - Bedding
- Quartzite / , - Folation



GG 432 PAPERI

stryctare co;turﬂs ibr hottdl of porose sandstose

980

Figure 2 1:20000

’smcme costours for top of porose sandsione

7
i }
* \ ~~$&p
i \\ ~
\ 8s A
s SO ~
\ AR T~ =
N\ ™
\ o ~
\ Seo o - - N
\\ - ‘\\ \\
\% \\
N Y
~ .
o %
- A
k \v-~~-‘uc—-~~~. LY
\ ~a *
\\ \\
2. \
by )
P \
~e \
e - - *
N ..h‘h* \\
\\9 * A Y
\Y\OA \\
~
~, %
\\; A
1:20000




THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - AUGUST 1994

GG_441

ECONOMIC GEOLOGY OF METALLIFEROUS ORES

PAPER I
THEORY
TIME: THREE HOURS
ANSWER : ANY FOUR QUESTIONS. ILLUSTRATE YOUR ANSWERS

WITH SKETCHES WHEREVER POSSIBLE. ALL
QUESTIONS CARRY EQUAL MARKS.

T SA  tm e e s e G e A M R e A m e W R S MR G M e e TR W e L W W WE e W G e e W e G e e e M e W W= e S e

1. Give two geological-economic classifications of mineral
reserves and resources.

2. Discuss titanium oxide ores in anorthosites with respect
to the foliowing:

tectonic setting

types of anorthosites
orebody morphology

ore mineralogy

formation of Ti-Fe minerals
expoloration guides

e Wt Wt W e NPV N
thp QO DN
fd” e e Nt N

3. Compare and contrast porphyny-type deposits with respect
to the following:

tonnage and grade

principal products and by-products
associated igneous rocks
mineralization and alteration patterns
tectonic setting.

NN o e
ML tre
—r N e N s



4. Discuss the origin of volcanogenic massive sulphide
deposits and indicate characteristic features used in
the exploration for such deposits.

5. Describe the geological occurrence of the gold placers
of the Witwatersrand basin and discuss the genetic
theories explaining the origin of the goild.

6. Discuss the geological environment, genesis and controls
of stratabound uranium mineralisation on the Zambian
Copperbelt.

e e e v e e M W WM G e W S We T W e M e N e R R WM TR e M M ky e e G T e e e = e W e e e e e Y e e e e W e e Sk M e e et e e

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER, 1994
| GGA462

MINING GEOLOGY OF ZAMBIA

PAPER 1 THEORY

TIME: THREE HOURS

ANSWER: QUESTION 1 AND FOUR OTHERS. ALL QUESTIONS CARRY
EQUAL MARKS

1. The final stages of mineral exploratiocn involves diamcnd
drilling, core logging, data plotting and interpretation.
A well planned and executed diamond drilling programme
should bring out important data on 2 mineral deposit.
Discuss the main parameters of a mineral deposit which
can be cbtained from a diamond drilling programme.

2. Give a classification cf ore reserves for an operating
undergrouné mine such as Nkana Mine. What is the role
of a geologist in avciding dilution of run-of-mine (rom)
ore fed to the milling plant. Discuss in detail with
examples.

3. Nchanga Open Pit in Chingola has in the past years
accounted for more than 60% of copper production for
ZCCM Limited. Discuss the fcllowing:

(a) Hcew ground stability is maintained to a depth of
100 metres?

(b) How does water accumulated intc the pit nct hinder
copper producticn?

(c) How would you dispose ¢ff the water from such a
pit?

(d) What health hazards would bc caused by dust in the

pit and how would you mitigate against such
hazards?

4, Lead cccurrences have been identified in 30 of the 52
African countries and Zinc in 21 countries. However,
production tock place in 7 countries in 1983 as follows
(metal contained in concentrates).



'000 Tonnes

Scuth Africa 137.3 Mcrocco 97.3
Zaire 74.7 South Africa 87.5
Zambia 41.6 Namibia 33.8
Algeria 12.0 Zambin 14.6
Mcroceo 7.5 Tunisia 4.9
Tunisia 7.5 Congo 4.0
Algeria 3.0

313.9 Total Africa 245.1

6,537.7 Total Werld 3,449.8

Determine the following:

(a) Africa's producticn as a ratio of total world
e
production.,

(b) Zambia's lead and zinc preducticn as a ratic of
Africa's prcducticn.

(c) Zambia's lead and zinc productica as a ratic of
world producticn.

(d) Lead and zinc procduction (tonnes) for countries south
of the equatcr.

(e) Express your amswer in (d) as a ratic cf (i) world
production (ii) Africa's production.

(f) Discuss thc main industrizl uses of (i) lead and
(ii) zinc.
(g) What envircnmental problems are assnciated with lezad?

(h) Since Kabwe mine was closed on 39th June, 1994 where
do you suggest more exploration work shculd be carried
cut and why?

5. Figure 1 shows a mining layocut for gravity stoping
at No. 1 shaft of Koenkcla Mine in Chililabombwe. A
stope being delimited from a Foctwall Hzulage level
on the upper level (2200'L) to the next Footwall
Haulage level cn the lower level (2400'L).



(b)

(c)

(a)

Describe what the fcllowing are used for at Konkcla
Mine No. 1 shaft;

(1) Fcotwall Drive
(ii) Orebodldy Drive
(iii) Cut out raise
(iv) Footwall Haulage

Why is the drain drive sited in the Argillaccous
sandstone?

Explain whether any accesses should be sited in the
Porcus Conglomerate giving rezscas why?

How would you dewater the hangini; wall aquifer?
Suggest where you would site the drzin ¢érive for the
Hanging wall aquifer.

Kabwe Mine (1906-1994) closed miaing nperations under
ZCCM Limited, on 30th June, 1994. Discuss the
importance «f am orderly clcsurc ¢f a mine taking
intc comsideraticn the following:

{(a) Sccizl impact on the residents of Kabwe.
(b) Economic impact on the retrenched employces.
(c) Environmmcental impact both

(i) Underground
(11) On the surface of the mine
(d¢) Mineral rescurces ure wastiag asscts and thercfore,
all mines will clcse at some stage; suggest how
the l1life of 2 mining town can continue after
a2 minc closure.

END OF EXAMINATICHN
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THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER, 1994

GG462
MINING GEOLOGY OF ZAMBIA
PAPER II: PRACTICAL

TIME:  THREE HOURS

ANSWER: ALL QUESTIONS, ILLUSTRATING YCUR ANSWERS WITH
NEAT SKETCHES WHEREVER APPROPRIATE

i. Figure 1 below gives a geochemical map showing geology,
topography, zinc values and trench/drill holes from
a pubiic domein map. The rocks occurring in the map
area are given in the legend. Crder of maganitude
of the geocncmical data is given by the dots. Carry
out the fcliowing:
(a) Outliine the geochemical aunomalies
(10 marks)
(b) Colour the map according to lithologies and draw
a section through line A-AY {(1¢ marks)

{(c) Where do you think the mineralisatiom is, and
why? (18 marks)

2. Figure 2 shows a geological plar znd section of
Alalobuka Micaccous copper deposit in the Lusaka East
Arca. The Scales in both diagrams ~re given in feet.
(1 foot = 0.3048 metres). Answor the following;

(2) If you wantcd to determinc contacts between granite
gneiss, decomposed mica schist and the sulphide ore,
where would you drill your borchoies?

Indicate this on your plam and section. How deep
should such boreholes be to the contact with granite
gneiss, decomposcd mica schist and the sulphide ore?
{(Give your =nswers in metres) {20 marks)

(b) How would you determinc the tonuage of the decemposed
Mica Schist lying above the sulphide orcbody.
(180 marks).



(c)

(d)

Supposc that thce Mica Schist was drilied at regular
interval of Z5m apart and the fcllowing data is
available.

Borehole BH 01 tc BH 04 drilled in one lin¢ across

the orebody and Borehcle BH 0S5 to BH 08 and Boreholes
BH 9 to BH 12 represent ancther itwe lines. Determine
the ore rescrves represcnted by such a block taking
intc consideration that each borchole represcents

equal volume and that Bulk Factor = 2.56 (15marks).

SAMPLE NO. AVERAGE ORERODY ASSAY
WIDTH (m) %Cu
BH 01 1.0 1.5
BH 02 6.0 3.0
BH 03 8.0 4.5
BH 04 1.5 1.7
BH 05 2.5 1.8
BH 06 5.0 2.8
BH 07 7.0 2.9
BH 08 2.0 1.4
BH 069 2.0 4.6
BH 10 5.5 4.5
BH 11 4.0 1.9
BH 12 1.7 1.3

(ii) Calculzte the weighted avorage cupper grade
tor the block., (10 merks?

i) Calculzte the totel amcunt of contained copper
metal in the bleck (5 morks)

s

(1

A new minc is planned to be opened fnr Alalcobuka Micaceous

copper deposit to mine sulphide re cnly. Where would
you site the open pit for optimel removal of the cver
burden? Show this both on the plan and in the secticon.
(10 marks)

Describe in detail the varicus stages involved in
mineral explcraticn up to the stage when ore reserves

and grade are proven (30 marks)

END OF EXAMINATION



GG 462 : MINING GEOLOGY OF ZAMBIA

£ G N
L E 3 . 200m y
1 Felsic Volcanic ° ¢

100 175
2 Intermediate Volcanic

. @

3 Mafic Voleanic 125 210
Lt Sediments °

187
O— DODH N 8 250

>l Trench

Figure 1 A geochemicat map showing geology . topography , Zinc values
and trench ! drill holes from a public domain map
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THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER, 1994

GG470

GEOCHEMISTRY
PAPER 1

TIME: THREE HOURS

ANSWER: ONE QUESTION FROM SECTIONS A, B, C AND TWO
QUESTIONS FROM SECTION D.

SECTION A

1. (a) With the help of a periodic table (Table 1)
discuss briefly the geochemicazl classification of
chemical elements.

(b) Discuss briefly the conditions which are required
for isomorphic substitution of 2 minor/trace
element for a major element in a crystalhstructure.

(c) Discuss briefly the role of ionic potential and
electronegativity on the mobilities of elements
during magmatic differentiation and chemical
weathering of rocks.

(d) Name and give examples of three major applications
of geochemical data in the study of igneous rocks.

(e) Discuss briefly the most likely modes of occurence
of Ti, P, Ba, Co, Ni, Cr, V, Ga, Zr, in rocks whose
representative analyses are given in table 2.

(f) Explain briefly the type of minerzl deposits which
are likcly to be associated with rock 1 and rock 2
(Table 2) respectively.
(30%)
SECTION B

2. (a) Discuss briefly the factors which determine the rate
of chemical weathering of rocks in the secondary
environment.



(b)

{c)

(d)

(e)

(a)

(b)

(¢)

With the heip of chemical cquations describe
briefiy how a deposit of Kaclinitc would develope
in an zres underlain by massive pegmatite.

Why arc clay-rich soils geunerally more fertile

than these which are rich in sand.

Discuss briefly how the presence cf clay minerals
in the soil profile may affect the rate of
infiltration of dissulved heavy metal pollutants
intc shalicw aquifers.

With the help of equaticns cxplzin why most
lateritic scils in Zambia have nct evolved to
bauxite. (20%)

The composition of water in 2p interland basin 1s

given in table 3.

(i) mzke¢ the mecessary calculations tc determine
whether any of the commeon evaporite minerals

is crystallising in this basin.

(i1) calculate the percent age reduction in volume
required for precipitaticn of halite tc
take place.

(11i1) calculate the icnic strength ¢f this water
and discuss its effcect on the activity

coefficients of the iuns.

Discuss briefly the effect .f three chemical factors
(temperature, concentraticn ~f brine, pressure) on
the stability of sulfate mincrals in the CaS0,- Hy0
system.
Explain briefly why inorganic precipitation of
dolomite dces not normally take place in highly
supersaturated seawater.

(20%)



SECTION C

4.

The distribution of heavy metais in the top soil of an

industrial town is given in figure 1. On the basis of

the information provided in figure 1 aaswer the following

questions.

(2)
(b)

(c)

(d)

(¢)

(a)

(b)

(c)

(d)

What azrc the major pollutants in this area.

Name the most likely source of pollutants in this
srea znd merk its position in figure 1.

Assuming that there are dumping sites for slag;
ore snd waste in the given aren discuss briefly
how the dispersion patterns in figure cne 21C
likely to have been developed.

Identify 2 ncn-metallic element which the heavy
mcetuls are most likely to be associated with in

the zonce coif primary mineralisation.

Discuss briefly which elements you would use as
ore guides at reconnaissance and detailed stages
nf gecchemical praospecting ia this area.

(20%)
Use the U-Pb iscotopic data in table 4 to calculate
the 238/206 and 235/207 model ages for the two
granitic rock units of the hook grznite massif.
Assume that there is no significant comprnent of

inherited Pb in Zircon grains.

Discuss briefly whether the calculated ages of the

tws rock units are concerdant o discordant.

Usc the data given in table 4 to plet a concordia
diagram fcr cne of the rock units and establish

the zbs-lute age of crystallisatiom.

Explain bricfly why the U-Pb method is more relizble
for dating plutonic rocks which have been affected
by post-asgmatic alteration processes than the K-Arv
and Rb-Sr mecthcds.



SECTION D

6. With refercnce to the Zambizn Copperbelt discuss briefly
the role of genchemical processes in the formation of
secdiment hosted copper deposits.

(15%)
7. (a) Discuss bricfly the mzjor factors which control
the Eh and pH vzlues of natural materials/environments.
(b) Derive expressicms to outline the stability field

of water «m Eh - pH diagram using the fcllowing

equations.
Eh = E° + 0.059 1og products

N reactants
Hy0 >3 § + 2H* + 2¢ E° = 1.Z3V
Hy == 2H" + 2¢ E® = 0.00V

(c) On the Eh-pH diagram indicate approximate positions
for the stability of the following materials.
Pyrite in shale, sedimcntary manganesc deposit,
mine waters, water-logged soil.

(d) Discuss briefly the role of Eh and pH in the
formaticn of sedimentary deposits of irom and

manganese frem ultrabagic rocks. (15%)

8. (a) Use chemical equations and an appropriate
Temperaturs - compositicn diagram tco explain how
hydrothermal alteration of K-feldspar may lead to
the formation of argillic and potossic alteration

Zonces.

{b) Discuss bricfly the role of hydrothermal processes
in the formetion of metallic deposits of Sn, W,
Pb, Ag aud Au,

(c) Explain why tin deposits are a2lways associated

with wet granitic magmatic rocks.
(15%)

END OF EXAMINATION
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TABLE

1 lonic Radii after Goldschmidt

(1926) and Ahrens (1952).* In Brackets
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Table 2
RocK Unit 1 RocK Unit 2
5102 % 49 .84 75 .38
Ti102 0.86 0.10
A1203 15.29 11.42
Fe203 11.09 1.68
MnO 0.18 0.03
MgO 7.62 0.12
CaO 11.34 1.00
Na20 2.64 3.26
K20 0.24 6.14
P205 0.06 0.03
Ba ppm 100 217
C1 4405 326
Co 141 69
Cr 358 2
Cu 142 48
W 2 40
Ga 31 21
N1 449 3
Sn 0.5 7
bS] 615 66
Sr 131 13
Be 0.3 3
Zr 21 181
Pb 4 62
Rb 12 391
Fe203 = Total Fe Oxide
TABLE 3
lon Total molality Activity Coefficient Percent Free Ion
ca 0.00998 0.26 90
Mg 0.0523 0.29 87
olo% 0.00027 0.2 9
5Q.% 0.033 0.23 55.3
Na' 0.459 0.38 98.9
cr 0.535 0.34 100
CaMg (CO; ), & Ca™ + Myg™ + 2007 Ka= 107
CaCC; < Ca’ + CQ¥ K,= 107%°
NaCl & Na" + CI K., = 38

CaS0, = Ca& + 50,7 K, = 2.5 x107°



Table 4 Zircon U — Pb isotopic data

Fraction Pb U ¥ pn 2" Pp 2Pb. 2%ph 2" Ph
Ppm ppm 206 Pb 206 pb 206Pb ZSB(J 233 U

Rock Unit 1

(a) 23 309 0.14772 0.0642 0.000373 0.07081 0.57384
(b) 23.5 307 0.15103 0.06459 0.000391 0.07285 0.59173
(c) 22 274 0.13934 0.06197 0.000204 0.07754 0.63082
(d) 28.3 353 0.13423 0.06069 0.00011 0.07795 0.63506
Rock Unit 2 G-iy?
(a) 39.5 638 07%4%;;\16f14059 0.07164 0.000895 0. déa 1)
(b) 34 504 0.1195 0.06063 0.000163 0.06705 0. 5387
(c) 33 392 0.12313 0.06444 0.000402 0.08182 0.658

Decay constants for ***U and*®* U are 1.5512 x 10' and
9.8485 x 107'° respectively.

BEUAT U = 137.88
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PAPER 11

TIME: THREE HOURS

ANSWER: ALL THE QUESTIONS

Four rock samples were submitted %to the analytical
inboratory and two replicate measurements of Sil;
content were made on each sample by two analysis using
two different methods. The datz which was obtained

by the twe analysts is given in table 1. You are
required to compute the pooled standard deviation for
each method and to determine the 95% confidence limits
for the mcans of the first szmplc. Which of the two
methods is the most suitable for use in the survey for

glass sand.

Table 1
Sample number Anzlyst 1 Analyst 2
G GO N
i 75.6, 75.2 75.1, 77.2
2 79.4, 78.8 78.3, 77.6
3 70.3, 69.2 70.8, 72.7
4 50.1, 48.% 49.8, 53.¢6
120%)

In order to monitor the stability of the X-ray
spectrometer a series of mcasurements (Table 2) have
been made on a gold monitor standard, under the

following operating conditions:

K
current = 30 Eﬁ; Voltage = G50 kV; Crystalt = 8§i1dg

detector = flow counter; time = 20 scconds



S}

Tabice 2

Anglc Intensity readings

(z%) {C/20 Seconds)

137.30 45627 456928 45773; 45593
137.29 45323 45214 45772 45655
137.28 45884 ; 46175 45883 45935
137.27 46389 ; 16514, 46432, 461538
137.26 46157 ; 46055, 46672 46255
137.%25 46399; 46414 46970; 46427
137.24 46398; 36429; 46784 ; 46118
137.2% 561323 46104 : 46359; 56192

{(a) Make @ graph of angie against intensity {(C/S).

(b} vetcrmine the peak angle for the Au Ma spectral

1inc.

(c) ©On the basis of the data in table 2 discuss briefly
whother it is neccessary to change the peak anglce
for Au Ma if it is curromtly sct at 137.27.
(20%)
in anp attempt to detcrmine the percentage of sodium in
three granitic samples {R,, R,, K, the following data

(table 3) was obtained using X-ray spectrometric method

of apalysis.
Table 3
Rock type Intensity Na,0
granite (G1) 3500 2.93%
" {X13} 4308 ?
basalt (81} 8080 5.24
o {(B2) 7129 4.68
granite (RZ) 4112 ?
H {R3) 3746 ?
" {G2) 4564 3.71

" (G3; 028 3.54
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(b)

(c)

The

Jse the oppropriate dats to construct a calibrotiom

curve 2nd formulnte 2 lincnr vegression model.

Estimate the contemt of Sodium in samples RI, RZ
R3.

BEe
:

fat)

Discuss briefly how vou would determine the
suitnbility of this linear mcdel for zmalysis of
PIYOK:RG.

(20%)

results of 2 small scale reconnaissance geochemicni

survey ore shown in figure 1 and c2ble 4. Usc this

datu

{2)

(b)

{c)

{d)

(e)

(1)

guy
to cuswer the following guosiions:

#Whot type of intrusion iz likely to be associated

with mincerolisation in this oyea.

Discuss briefly the mincerzal potential of this

-

oo

“u

Name three metallic minerals which are most likoely

to b dominznt in the zonc of primary mincralisation,

Discuss briefly the asseciation of iron with cther
cilements (Ni, Cu, ¥V, Cr, Co) in the collected

samples.,

Which hoezvy mineral is most iikely to be controlling
tae contents of trace ¢lomonts in the strecnm

scdiment samples.

Which clements would you usc in & hydrogeochemical

survey?

Mark the positions of 10 sampling sites in fipg. 1 Loy
wdditional strenm sediment samples and five sites
for hydrogecchemical samples.

(40%)

END OF EXAMINATION
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Table 4

Sample Sample Fe Ni Cu S \% Cr Co
number Type % ppm PP Ppm PPm ppm ppm
1 a rock 12.03 2068 164 600 338 591 147
1 b ironstone 66.36 8020 423 2652 70 <50 <30
1 ¢ rock 11.49 1972 201 650 358 632 149
1 stream-sediment 52.28 506 266 <50 3441 368 296
2 " 38.17 274 152 <50 2024 461 129
4 b 32.78 192 170 <50 1534 495 119
6 b 23.13 119 140 86 965 311 <30
7 s 12.33 43 40 <50 400 206 30
8 b 16 .86 108 42 <50 725 227 <30
9 b 10.14 38 37 <50 380 192 41
10 b 15.54 87 102 <50 676 222 <30
11 v 9.05 33 34 <50 363 180 45
12 v 13.89 61 74 <50 450 209 33
14 t 28.34 85 85 <50 567 325 63
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UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMEER 1994

GECLOGY OF ZAMBIA

THREE HCURS
R: QUESTION 1 AND FOUR OTHERS

TE YOUR ANSWERS WITH NEAT DIAGRAMS WHEREVER POSSIELE.
STIONS CARRY EQUAL MARKS.

In our review of the continental sediments of
we locked at the stratigraphic divisions in Afi
Answer the folleowing.

{a) Fill in the Rock Stratigrarhic Units in Zambia
together with the correscvonding Geoclogic Time
(Geochronologie) Units, Time Stratigraphic Units
together with their absclute age in the table
provided.

{b) Outli the major groups of African Continental
s

(¢) Show in the table
orogenies that pla
Stratigraphic Uni
and comment bhrie

provided in {a) the major

ed a major role in the
{iithostratigraphic units)

v on the significance of each.

{a) Discuss the evolution of the Stratigraphic
nomenclative used by the Geological Survey Department
of Zambia.

(b} Describe and discuss the Stratigraphy of Zambia with
respect to two of the following:
(i) the Basement complex
(ii) the Katanga supergroup

(iid; Kalahari supergroup
emphasising, uveographic distributien and econcmic
significance of each superaroup.

Q
ta?
o

t}

"

=t

]
cr D O
5

d 1

e sedimentation patterns of the Karoo

p in the mid-Zambezi vallev in relation
1CS What other factors were important
placement of the Karoo?

i
g o
s

S
grou
t

oD oo
{D(llL

on
(1

o)



[#2]

(b)

S
u
S

Discu

Uranium, <oal {mined) and obably hyvdrocarbons
(petrolewn and gas) are some of the important
mineral and energy resources in the Karco. Discuss
the environments in which these resources could have
heen formed. How do tectonics and climate favour

-
I§
.

such deposits?

List the eight (8) main characteristic features used
in the delineation of Structural Provinces.

Using the data in 2(a) above, describe the five (5
main Structural Provinces of Zambia (1l1lustrate
your answer with a sketch map of Zambla).

Describe and discuss either the main carbonatite
occurrences or the main syenite occurrences in
Zambia. {Illustrate your answer with a sketch map of

Zambia).

Describe and discuss the ecconomic significance of
cither the carbonatites or svenites identified in
{a) ahove.

15 the geology of pegmatites and their role in
A}

Zambia's economy.

END CF EXAMINATIOR
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GECLOGY COF ZAMEIA

THREE HOURS

QUESTION 1 AND FOUR OTHERS

ILLUSTRATE YOQUR ANSWERS WITH NEAT DIAGRAMS WHEREVER POSSIELE.
ALL QUESTIONS CARRY EQUAL MARKS.

[

(¥

In

our review of the continental sediments of Africa,

we looked at the stratigraphic divisions in Afica.
Answer the following.

{a) Fill in the Rock Stratigraphic Units in Zambia

together with the corresponding Geologic Time
(Geochronologic) Units, Time Stratigraphic Units
together with their absolute age in the table
provided.

{b) Outline the major groups of African Continental

sediments.

{(c¢) Show in the table provided in {(a) the major

orogenies that plaved a wmajor role in the
Stratigraphic Units (lithostratigraphic units)
and comment briefly on the significance of each.

{a) Discuss the evolution of the Stratigraphic

nomenclative used by the Geological Survey Department
of Zambia.

(b) Describe and discuss the Stratigraphy of Zambia with

respect to two of the following:

(i) the Basement complex

(1ii) the Katanga supergroup

(iid} Kalahari supergroup

emphasising, yeographic distribution and economic
gignificance of each supergroup.

? Discuss the sedimentation patterns of the Karoo

supergroup in the mid-Zambezi valley in relation
to tectonics. What other factors were important
in the emplacement of the Karoo?



P

1

1%;
.

St

v

Uranium, coal {mined) and probably hydrocarbons
(pptLoleum and gas) are some of the important
mineral and energy resources in the Karoco. Discuss
the environments in which these resources could have
heen formed. How do tectonics and climate favour
such devosits?

main characteristic features used

List the eight (8)
on of Structural Provinces.

in the delineati

Using the data in 2(a) above, describe the five (5)
main Structural Provinces of Zambia. (Illustrate
vour answer with a sketch map of Zambia).

Describe and discuss either the main carbonatite
occurrences or the main syenite occurrencesg 1in
7ambia. (Illustrate your answer with a sketch map of

Zamkia).

Describe ané discuss the economic significance of
either the carbonatites or svenites identified in

{a}) ahbovea.

Discuss the geology of pegmatites and their role in
Zambia's economy.

END OF ”XAMINATIO&
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HYDROGEOLOGY

TIME: THREE (3) HOURS

ANSWER: QUESTION 1 AND ANY OTHER THREE QUESTIONS

1. It has been establiished that the undergroundwater at
Konkola Mine is due to surface sources and also to
underaround sources.

Examine the geology of Konkola Mine particularly in terms
of the lithogies and the structural =etting. Identify
the possible surface sources of water and explain how
they would contribute to the water problem underground,
in shaft 3.

(Note: Map of Konkola Mine is attached) {40 marks)

(a) Derive the Continuity Egquation, defining all

N

terms. )
(b) Reduce the Equation to Laplace in Cartesian
Coordinates, in three dimensions. {20 marks)
3. It takes one hour for 5 litres of water in a constant

head permeameter to flow through a porous medium

50 centimetres thick with a cross section radius of

10 centimetres. The constant water level is 2 metres
above the medium.

Determine the permeability K. {20 marks)

4. The University of Zambia has about ten (10) boreholes
drilled randomly over the Campus Grounds.

Indicate how you would measure the average velocity
of groundwater. Explain any limitations in your
technigue. (20 marks)

5. Discuss the role of surface and groundwater hydrology
in the Zambia's Food Production programmes. What
hydrological data is required and how do you obtain it?

(20 marks)

END OF EXAMINATION
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ENGINEERING GECLOGY

TIVE: THREE HOURS

ANSWER: ANY FOUR QUESTIONS

1.

Explain the following

(a) Stress and strain

{(b) Creep

(c) Liquid 1imit and plastic limit

{d} Cohesion

(e) Young's modulus and poisson’s ratio.

Suppose a Donor Government donated to the Geology
Department the following laboratory equipment:

{a) An Ocdometer

{b) Triaxial Apparztus

{c) Shear Box Apparatus

{d) Schmidt Hammer

{e) Penetrometer

In each case, by means of diagrams, briefly describe
how and what {or you would use the equipments.

Given the Drawdown: Measurements obtained in an observation
well {See Table 1) during a simple dewatering programme
the following is given:

{a) Pumping rate, § = 2,000 litres per minnfe

(b) Distance of observation well from pumped well is

160 metres.

After how wmany minutes of continuous pumping will draw
down of 1 metrc be attained?



You have beem requested to select a subsurface waste
disposal sitc of very dangerous fluids. The site is
to be located within twenty kilometres of the Town
Centre.  From your kanowiedge of the geolicgical and
hydrogeological sctting of Lusaka wherc would you
recommend the site. Give reasons for selecting such

an arca.

Compare and contrast the usefulness of the following
geophysical methods as applied to subsurfacc engincering
geological studics. In vach case give examples of how
the method is used.

(a) Resistivity technigque

(b) Scismic Refraction

END OF EXAMINATION



TABLE: 1 - DRAWDOWHN LEASUREMENTS IN OBSERVATION WELL

Time since pump Drawdown,s,
started in minuics in ft.
1.6 0.16
1.5 3.77
2.6 0.38
Z.5 - 0.46
3.0 .53
4.9 §.67
5.0 0.77
6.0 D.87
8.0 0.59
10 1,12
1z 1.21
i4 1.36
18 1.43
24 1.58
30 1.70
40 1.88
50 2.080
60 2.131
3¢ 2.24
160 2.38
129 2.49
150 2.61%
180 2.77
PARY 2.381
Z490 2.88




THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - AUGUST 1994

GG 561

APPLIED GEQOPHYSICS

THREE HOURS

ANSWER: ANY FOUR QUESTIONS

- e 4 Tm . - . T m W M A e wm e e e M e wm e MM e M e e M M E e e MR G R W S M M WA M e W e e MR e e e

(a) Define the following, listing measurable parameters.

(a) Geophysics

{b) Geology

(c) Geodesy

{d) Geotechnics

(e) Geothermometry (10 marks)

{(b) Explain geological situations in which Geophysics
finds applications in Zambia. (15 marks)

You are provided with the sounding data {(Table 1 attached)
obtained from a farm somewhere in Zambia. Plot and
interpret the geo-electrical section. What possible
lithology would underlie the sounding site? Explain.

{25 marks)

(Note: 3 cycle log-log paper should be provided)

{a) What is meant by a "geophysical anomaly."
Explain your answer listing possible "pitfalls"
in interpretations of geophysical anomalies.
(10 marks)

(b) Sketch a profile that would be obtained over a
gabbro/granite contact using magnetics.
{15 marks)



4. Explain by use of diagrams the principles behind the
following geophysical equipment.:

vibroseis source

gravity meter

seismograph

satellite remote sensor

geophone (25 marks)

ST NN N
SR ad

a
b
c
d
e

5. {a) Draw a generalised flow chart of modern seismic data
processing.

{b) Describe in detail the processing steps of:

(1) Normal Moveout (NMO)
(ii) Correction to zero phase
(iii) Denconvolution (DECON) (25 marks)

_..—_-._—___-.___—____—..__-_—__-.____—______.._——_.

END OF EXAMINATION
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ECONOMIC GEOLOGY OF NON-METALLTIC MTNERAT, DEPOSTITS

TIME: THREE HOURS

ANSWER: QUESTION 1 AND FOUR OTHERS.
All guestions carry equal marks. Tllustrate
your answers with diagrams wherever possible.

1. The building and construction industry all over the warld
consume a considerable amount of building materials every
year. Describe all the raw materials listed below
stating important properties for their use:

{a) 8Sand and gravel

b) Common rocks worked as aggregate

{e¢} Gypsum in Zambia

(d) Limestone used for cement manufacture

2. Describe the modes nf ocrurrence and important uses of

four of the following:
(a) Fluorite
(b) Barite
(¢) Manganese
{(d) Zeolite
(e) Apatite
(f) Pyrite
{g) Trona
(h) Nepheline syvenite
3. The glass industry is an impoartant consumer industry

catering for containers, sheet glass and special glasses
including optical glass. Discuss the following:

(a) Types of raw materials used for glass manufacture.

(h) Properties and roles played by each raw material in
the glass mix.

{c¢) Techniques of glass examinations.

(d) The five stages of glass manufacture.



4, Write some notes on the Zambian Gemstone Tndustry stating
clearly the following:

(a) Name and geclogical setting of each resource

{b) Gemstone resources presently being mined
(c¢) Scale of mining

(d) Marketing arrangements
(e) Some problems this industry is presently facing.

5. Describe the changes in chemical composition of coal on
progressing through the humic coal servies.

6. Write some notes on the properties and uses of four
of the following:

{a) Sulphur
(b} salt
{e) Talc
(d) Asbestos
{e) BRall clay
(f) Pire clay or china clay
{g}) Fuller's Earth
7. Either describe three types of abrasive minerals and

their geological occurrence or three types of
refractory minerals and their geological occourrence.

e - . e . W e W e vt M e e W W e M e e R W M e G e M e e M M s We A T We e G e e e e W S G e m e A s

END OF EXAMINATION
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GG 571

ECONOMIC GEOLOGY OF NON-METALLTC MTNERAT, DEPOSITS

TIME: THREE HOURS

ANSWER: QUESTION 1 AND FOUR OTHERS.
All questions carry equal marks. Tllustrate
your answers with diagrams wherever possible.

- wm wrm me = o w— . - = e m S e e e e . . A e N M e e e T M Mk e em e M e WA A S WA S e M S B e e T e e e T T e e e e e e

1. The building and construction industry all over the world
consume a considerable amount of building materials every
vear. Describe all the raw materials listed helow
stating important praperties for their use:

{a) Sand and gravel

(b) Common rocks worked as aggregate

{e) Gypsum in Zambia

{d) Limestone used for cement manufacture

2. Describe the modes of occurrence and important uses of

four of the following:
(a) PFluorite
(b) Barite
{¢) Manganese
(d) Zeolite
{(e) Apatite
{f) Pyrite
{g) Trona
(h) Nepheline svenite
3. The glass industry is an impartant consumer industry

catering for containers, sheet glass and special glasses
including optical glass. Discuss the following:

(a) Types of raw materials used for glass manufacture.

{
A

o

Y Properties and roles plaved hy each raw material in
the glass mix.

{e¢) Techniques of glass examinations.

(d) The five stages of glass manufacture.



S e

7
4, Write some notes on the Zambian Gemstone Tndustry stating
clearly the following:
(a) Name and geclogical setting of each resource
{b) Gemstone resources presently being mined
{c¢) 8Scale of mining
(d) Marketing arrangements
] (e) Some problems this industry is presently facing.
5. Describe the changes in chemical composition of coal on
progressing through the humic coal series.
6. Write some notes on the properties and uses of four
of the following:
{a) Sulphur
(b) salt
{c) Talc
' (d) Asbestoes
{e) Rall clay
. (f) Pire clay or china clay
{g) Fuller's Earth
] 7. Either describe three types of abrasive minerals and

their geological occurrence or three types of
refractorvy minerals and their geological occurrence.

- - s e e i mm e WA e e W i SR M e R W e e e e e e T e e G e e e e e M s W e e e e e Ve MR e b WA G e e e e e

END OF EXAMINATION
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INTRODUCTION TO MINE DEVELOPMENT

TIME: THREE HOURS

ANSWER: ANY FIVE QUESTIONS (LiL. QUESTIONS CARRY EQUAL MARKS

Discuss the operation of shaft-sinking by conventinonal
nmethod. (20)

What is meant by "opening up"” underground @rec deposits?
With the help of sketches discuss the variosus methods
used to open up deposits that are deep-sented. (20)

Write short antes on:

{a) Free-faces (G5
(b) Bore-hnle pressure (05)
(c) Detcnation and deflageration. (05)
(d) ANFO (Ammonium-nitrate-fuel-o0il) (05)

(z) Discuss the object of prospecting and give some of (19)
the methods used to establish the existence of

mineral deposits under the carths surface.

(b) What do you understand by:

(1) Preliminary proving and sampling (05)
(ii) Detailed proving. (05)

You have been asked to install a belt conveyor for the
transportatiosn of open pit materials. Discuss the (29)
factors affecting the capacity of the conveyer and also
the characteristics »f the material which affect the

selectinon of a convey-r belt system.



Discuss the principal factors to be cunsidered

in svlecting an underground mining method.

Expliain the various patterans of cutholes in blasting
hard rock in developmant headings. Give thelr

anplications.

(203

(20)

END OF EXAMINATION
GOOD LUCK
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MI 213

INTRODUCTION TO MINE DEVELOPMENT

TIME: THREE HOURS

ANSWER: ANY FIVE QUESTIONS (fi. QUESTIONS CARRY EQUAL MARKS

1. Discuss the operation of shaft-sinking by conventirmnal
method., = (20)

Z. What is meant by "opening up"” underground are deposits?
With the help of sketches discuss the various methods

used to open up deposits that are deep-seated. (20)

3. HWrite short notes on:

{(a) Free-faces (059
(b) Bore-hnle pressure (05)
(c) Detenation and deflageration. (05)
(d) ANFO (Ammonium-nitrate-fuel-oil) (55)

4. (2) Discuss the nbject of prospecting a2nd give somc o1 (12)
the methods used to establish the existence of

mineral deposits under the carths surfacc.
(b) What do you understand by:
(i) Preliminary proving and sampling (25)
(ii) Detailed proving. (0S)

5. You have been asked to install a belt conveyor for the
transp- rtation of open pit materials. Discuss the (z29)
factors affecting the capacity of the conveyer and also
the characteristics ~f the material which affect the

selectiron of a convey-r bclt system.



Discuss the principal factors to be considered

in selecting an underground mining method.

Explain the various patterns of cutholes in blasting
har? rock in develcopment headings.  Give theilr

anplicaticas.

o
e

(20)

END OF EXAMINATION
GOOD LUCK
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UNDERGROUND MINE DESiGN

TIME: THREE HOURS

FULL MARKS: 100

ANSWER: ANSWER ANY FIVE QUESTIONS. ALL QUESTIONS CARRY
EQUAL MARXS.

1. (a) What are the geological and structural information
required for mine planning? Discuss the geostatistic
method for ore reserve calculation. (190)
(b) Calculate (i) the unit profit of mining and

processing and (1i) cutoff grade for copper

deposit from the information given below:

. Copper content ia the ore = 60%
. Selling price of copper in the concentrate
= $1.65/kg
. Unit costs = $7.80/tonne
. Overall recovery = 95% (19)

2. (a) Extraction of ore as final operation (STOPING)
denpends upon several factors. Discuss taese

factors. {(10)

{(b) A deposit has a width of 50m, a length of 2000m
and 2 depth of 10060m. The average ore density 1s
3.5t/m3. It is required to build a new haulage
level 2t a probable depth of 100, 150 or 200m. Tae
production Is estimated at 4 millioa tonne per year
of ore. The fixed investment 1s estimated at § 50
million and the variable a2t $25 million ner 100m.

The interest ratc is 15%. Find the best degth for

the new level. Assume rectvery 80%. {16)



(2)

(b)

(b3

(2)

How a mining method is sslected using the numerical
approach? Which method of mining would you recommend
for the total points obtained by the numerical approach
given below:

34; 29; 24; -20; -18 {12)
How the knoﬁledge of time-denendent strain (creep)
characteristics caa be utilized for underground mine
design? ' (8)
State the conditions in which Block Caving mining
system is most suilted. (10)

Describe, with the help of neat dizgrams, the three
methods of draw commonly used in Block Caving method

in today's operation. (10)

A non-coal deposit =t 456m depth has the following

other featurcs:

. Devmeosit dip - Perfect flat

. Deposit shape - Tabular

. Ore Uniformity - Fairly uniform

. Ore strength - Weak

. Rock strength - Strong (10}

Explzin in brief, using su uitable diagrams a suitable

methed for mining such deposit.

Dotermine the (i) yearly production rate and (ii) arez
expleoited in hectares per yelr in a2 room and pillar
mining for the following condition:
1.8m x 5.4m
= 7Jhr/shift; 2 shifts/day;

250 days/year.

1

ir

[
1]

£

W 33 -r
. Working !

3

C:
e

™

%)

. ¥Ncrking

. Advancce/fcut = 3.6m
. Cuts/shift = 12
. Toanage factor = 0.7m /Lu (15)



(2)

)

(2)

(b

How the pillars and stopes arc extracted in Vertical

Crater Retreat {YCR) system
the help of diagrams.

»f mining? Explain with

State the advantages of YCR methnd over the cother

metheds of mining.

Piscuss the conditicms that

i
cf a loading cnd hauling machi

influence the selcecctiom

nce.

Find (i) the met productivity per hour and (i1) %

~f thesterical for aa overshot loader of 18( bucket

lcads per 60 - min hr. The
i belcw:
Facter

. Actual opera \ting time
(50 - min hr)

. Cozrse muck
. Average autcmation

. Air pressure
(586KP2)

nther information are

(60 - Oper. min per hr

60 ain per hr
10%
15%
10%

(10)

x102

END OF EXAMINATION
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TIME:

1313

ROCK MECHANICS

THREE HOURS

INSTRUCTIONS: ANSWER ANY FIVE QUESTIONS. ALL QUESTIONS

CARRY EQUAL MARKS

Q2.

Three sampies 9f rock were subjected to diametral point
joad tests. The pressure gauge readings at rupture were
17.24 x 102KN/m?, 48.26 x 102KN/m2 and 124.311 x 102KN/wmZ2.
If the vram area is 13.36cm? and the diameter of the cores
tested was 54mm, (a) Calculzte an estimate for the

unconfined compressive streagth of each rock. (10 marks

(b) Perform .. size correction ior the values calculated

in (a) above. (10marks)

In many eagincering applications it is often required to
get an ideca of the time dependence of the rock in which

uanderground structures arc vcxcavated.

Plot the strain-time curves {or 2 twenty period during
which period .~ stress of 68.947 x 102KN/m?2 acts during
the first ten-minutes and zoro stress acts during the

sacond ten minutes ornc:

it

(2) A Maxwell body with E 206.84 x 102KN/m?

n = 500 x 108 poise
(b) A Kelvin Body with E = 206.84 x 102KN/m2
n = 500 x 10° poise
Make gencral comments on thuse tests. (20 marks)

A Tock sample in a uniaxizl compression test failed ot

a compressive stress of 275.79 x 102KN/m2. The f=ilurc
plane made an aangle of 60° with the major principle
plane. Assuming the shear strergth varies linearly with

the norm2l stress, calculate:

(2) the shear strength of the vock on a nlane with

zero normal stress. {5 marks)
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K

()

Two

r~er

the free surfach o

[}
%
1

the shoear sireangth uuader the test condi
a planc 2t 307 to the wrjor principal nlzone ia

ine above test. (5 amark:)

tae augle of interanl fricti

<
3

5 marks}

shueny strosses on the Lailurs

D
e}
o
i
)
boid
w
a

followiag strains have Leen nmeasured at 2 peiat
1

?“3

d
virection Anglw;? Strain &

dotaoremine The
s)

civele the folleowing correspondin

(4 marks)
o= i.% ¢ 257 Y= -2.4 x 107

Yhat i the magniiude of the styain compounts ¥
and - when @ = =307 osoazured frem the divection

of the mojor priscinal strain? (& marks]

Iy ¥ L N 2 - New o} e g oW T AL e
grouge mo s Som o rupart are made aaong the axis of o

iandrical rock spoecimen Scm long and Yen? cyoss-

socticnal oreo.  Thao spooimen 1s then subjocted o 2

comBYessure forcn of IRGKM,

Caloul

o)

Th: stress {2 marks)

M

Tha S¥rain LORETES
. - f . - o - e o T e 3
femiraction setvuen gauge 2TKS (4 movks)

(4 marks)
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Computse

-
)

o
i

w2 valuss of:
Th:: niy=in components Ex, By, J xy
The stress components % x, Sy,

The magnitude snd direcction of tae

- &l
ey

it it
[ 3

D

ISR
- T
w3

Txy

nrin

{7 marks)

{7 marks)

3

cip

ple

.

(6 marks)

END OF EXAMINATION
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MI 423

SURFACE_INE DESIGHN

TiME: THREE HOURS

FULL MARKS: 200

ANGHER: ANY FIVY “UESTIONS. ALL QUESTIONS CARRY

1. (2)  wiscuss the major faciors oL open »it mine nisnains

scu v
d nointout their interdependence with each other,
iloany. (14

(b) ¥hot zre the essontial elements -t o

s.re? Way is it necossary to have a

Y
epori £or o mined

z.Y {2) State the -~bjoctives of devoelopneat drilliing.
Describe its brsic typos ond discuss thoix relative -

a1

merits and demerits. {(12)

(b) Followini copper oradss werve sbtained froa

develnpnent driliiag pro-ramma.

B orohoic No | C0-ORDINATES Grade $ Cu
ﬁ'””’”‘*‘“”~ﬁ

N
.

1800 2500
L1600 7303
3 fapo | 2190

€ k2
. .
[TV o B ¥

Estimnte ths srades at X(1500, 2400) =nd Y (1060,
2700) by  Inverss Distance Square {155) method.
\(Graph paper supplicd). (17}

buﬂ
,.m
(.&

the fo1iowing using fipurces wher: AeCéssary

Broak-ovon »oint (10}

lan)
r--.»-«"u
be pe i
[ e
L
E:A
*
oo

~
ks
pedo
tads

Stripping ratins wnd thelr types



©)

(=)

(b)

(")

(b)

{2)

(b3

H-w ultimate pit design is ~btained? What are
s

i
its imolicati-as in surfa2cc mine planning and

Describe the interpolation techmnique used in the
mineral inveatory. (8)
?1-t at least three strippin; curves frum the
f-11owing deta and comments on the curves ~bizoined.
(Graoh naper suprplied).

. Maximum sclling orice ? = 2.5 mu/kg

]

. Total recovery alons production line a .85
. pre cost K = 5.50 mu/tonne

L3
(4]
H
-~

£
L]
A

»
v
e

"

b

<
o
=4
o
03
(wd
[T
O
e
ot
~
Ytk

= 0.25 (25%) (12)

Discuss the factors on which selectivn of mining

equipnent is mals for surface minin. (1i¢)

List the maj r and ancillary 2quipment required for
4 surface mince producing 5 million Eonnes €npDET
noyear. (1)
What nre the rock properties comsidered important
foy determining drillability »f rock? Descride,

h~w tw~ of thesc oroperties may be determined. (17)
Cnlculate the (i) number <f holes regquired and

(ii) h~le soacing @07 the bench ~f 2 surfoce mine
from the following Jdato:

. Sp. dt. ~f gogper = 2.5¢/m?3 {10)
. Bank lenzth = 70 m

. Other parametors: Shown 1n Firurc

. Exnlosive:  ANSlurry

.4 tomnes of rook broken by 1k of explosive



. Height ~f charge in cach hole = 15m

. H~le diocmeter: 3Ccam

/ Eif: T- /
20m = 7y
:_-“___ / . rhg—
:- :-— - 15nm /' /:5”“:’1‘
| 7T \ PEETS
R =2 /
w10m  ——ZZ] o

(2} What are th: different type
currently im use 1in »pen

the

o

i
actnrs that may affect the cutdut 2%

dragsgiine.

(b) Waere wruld you recommend the use <t the

f~11 wing:
a power shovel

}
(ii) a dr=gline
J a Bucket Wheel Excovator (BWE).

Give reasons {~r your choice

END OF EXAMINATION
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MI 433

OPERATIONS R

mSEARCH

TIME: 3 HECIRS

ANSWER .7, CUESTIONS. OQUESTIOWN WO, 1 CARRIES 10 MARKS,
QUESTION WOG. 2 TO 6 CARRY 18 GARKS HACH.

Question 1

Discuss the relevance { or irrelevance) of the use of Op=rations

Research in Mining, giving two ezamples from your exposure Lo

mining to date. (10 marksy

Question 2

A company operates a central chiome smelter which processeds
chromite oia Lo produce ferrochroma. The ferrochroms: alloys are
nrodvced by dizrect smelting of pre-wimed charges of chroemile ore,
qﬁartz and coke. The oves from ithe various mines are »f different
compositions. Two types of fervochrowe are produced: Low Carbon
Ferrochrome {4LCFeCr) and Ferrosilicon Chrome {Fe$iCr). Ontimum
operation of the furnaces are obtained when the ore fead has a

Cr/Pe ratio. of 2,15 or more.

The following table gives the mine crpacities, unit conts end
Cr/fe ratios from seven supplving mines. Formulate an optimization
model for determining the ore toanage to be delivered from each
of the sowen mines in & given movth to give the minimum total
cost while satisfying the Cr/Fe ratio guality requiremsni,
Operationz} conditions in Mines - 2, -5, and - % are such that
each muct nroduce at least twoe hundrad (200} tonnes ol ovre per

month. Yhe smelter feed requiremen’ of five thousand (5000}

£

tonnes ner month must be met. 15 marks)

)
{“oo0. o



-t

[ I TR cetcn arme - .

Tablie o uestion No., 1

e Production Costs Quality
{ onneu/montn) { 2/tonne) { Cx/¥o)

[

1600 1,94
500 1,94
2 2000 140 1.94
A 520 187 1,92 :
5 670 520 2,48
5 570 540 2,48 ?
Y, 286 218 2,48 !

J
(%o
ok

s
2
=

“z

Quention 3

The Mational Ewplosive Zompnny manufactures two tvpss of
siurries for use in wet bissting conditions. The selling price

ble costs for "high-gseusitive®

andg ths associated unit var!

aud "normal® ars shown in the following table.

Production Selling PTrice Unit voarisble cost
728 /5- iv*re Pk} (Z2$/5-13itre Pk}

Porms 12,0 2.0

high-zensitive 15.D0 10

-ad

Fach S-litre k. of pormnl womuires six minutes of skilled
Jabour and each 5--1litre pk of high-sengitive reguires 12

mivntes of skilled labour. Ta a gliven day there are 400 man

nourn f skilled labour awailshle., Also, there are 100 kg of

~n imp-riant blending chomicsl aveilable sach davy, whare each

5-3itrz pk of normal needs 9.065%kg of the blending chemical and
ench beiitre pk of high-sensitive needs 0.02 kg ot the chemical
The processing capacity o the plant is limited o fifteen

thooesend (15,000} litres o dow.

/30000,



The compnny is commited to supplving n leading mine with 5000 5-
litre pks. of normal and 2500 5-litre pks. of hlqhmsevui?iwe
ach w‘r)r.kj,;i";g; Wi {consisting o rivs

@
iv en ngroemenit with the unions that 2t least 2000

produced cach doy.  the company wenla like o determinse the daily

production woinme for each of the twh types of slurrias

maximise ftobnil conptribution,

kequired
{1} Bovalop a linear wode’l ~f the production problemw
facing the Neticonal seplosive Co. { 6 mricn?d

cemi grophicai spproach determine thoe sptimunm

v
e

{} Yuing 7
dnily producticn pion nnd the consoeguent contribution

( 6 wrxinm}

(2} ‘fhe union in pressing £on Aan overtime woagn of

%$70 per hour abowve the wage rate for skilled Labour,

{3 Sustify whethor the compnny find hhis
profitable pousibility or not? £33 wncks)

{ii) If it was ooscible to pay overtime, hitw many
cwertime hours per day would be wovih

emploving? { 3 wmiorks
3 . ]

fuestion 4
Saturnits {pvi} Ltd arce to initiste & project to study the
fonsibility f a2 new shaking wnble iov treating river boad gold

becring saud nd gravel. The =and result of the femsibility

'y

nroject will ba a report recowmmanding the action to be taken i
the pow product. The activities to be carried ~ut to complete

the fensibility project are given helow,

Required:

{a) Draw a network for the scheme «f activities set out
b oegn and determino the shortest duration 0 tho
nrhject. { &6 wrucko?

7



eeer e ot o= oo e B e i oo B ol e At i e i S o 4 aa e - JR - A ¥ v s

- A -

{hi Assuming the prozct starvt at time zero and that

pach activity conmnnoes at the eariiest

construct a chart shivwing the number of ~taf’

»

required at any on< tiae for this project. { & marks}

{c) The management of Saturite has decided thet it does
not want more thna 2 staff ipvolved in this project

st any one timz. Deooribe how this can be achieved

-iithin the shortaci duration time found in {aj

Prnie o Cuoeostion No. 4

Activity Dascripticuy Immadiate Time

rodecensors {waoks) il
A Preliminary dasign - 5 3
B ¥oarket Research 3 2
C Jostain Enrg. (Quoetss A Z 2
D Conatruct Prototypa A 5 5
o Print marketing papors A 3 3
¥ Costing Cc 2 2
« Procduct testing [E A 5
H rPilot survey B, E & %
1 Pricing estimates H 2 i
o Final Report F.G, L 6 2

Guestion 5

A hbuiléiag ocontractor purchares 5300 { = five thousand) fonnes
of one tvpe of aggregate {F} «nda 10600 { = ten thouscondl fhonnes
of » second type {G) in aach vaax of 45 weeks from smali workers.

From iLhe b regular supplices { = o group of co-opantives),

t
¥ costs $25 per tonne,

-

From snciher group of regulmw suppliors, © costs 2372 per tonne.

necru-e nf vhe characteristics of the stones, the cost of

ordering, oceiving and teﬁting each batch of cither ¥ or G haa

-

been ectiwiod ot the relativn nigh amount of $15¢ i.v F and

5150 for G.
’ /5. ...



5 .-

A fhivd group of suppliers hne vecently offered to supply both ¥
and G ~0 3 regulay monthly, 3., twelve times per mwuauw, basis.
Thev hrwever quote the same price per tonne for both ¥ and G,
and the contractor has astimated the cost of ordering, receiving
anc tosting each monthly botoh i $250 per wonth forx F and $250

e aenth ter G also.
Yhichaweyr upplier is used, the storage costs are $2 per tonna

per oo based on the avercgs 2nnual stock.  Assua certainty of

demnnd . lend time and cosis.,
You rre remired to:

{23 Cnliculate and stats

the BEOD for ¥ ang G from the present
supplier. { 6 m .rk}

{b} coltculante and state ths fotal minimum cost for ¥ and G for

the vear from the prosant supplier. { 6 morks?

culnte znd state The price for F and for G ifi a change

5 the new supplier is o be worthwhile. { & works)

Question 6

An underground mine uses 1 beli conveyor ore transport systom
delivoring ore to a shaft bunksr (bin). Ore is then he visted to
the surf:ce using skips. Ure production from the active faces
ig ou ihe basis of two shiihs onad amounting to 9000 {nire

thrusand) tonnes per day. The ore producticn shifts arer

Movaing saifs 0 06.00 - 14.00 hours

Afternocn shift ST 18,00

Pecihours
The shnaft hoisting operaticn iz ~n the basis of thres shifts
per Jdoy:
Forning shift 07.00 -~ 15.90 hours
coorn shift 15.¢0 < 23.00 hours
Hight chifit 23.80 - 7,30 hours

pox
~s
sk
e
y
o
IS

how you would eonduct o simulation study te cxomine tha

naulon and holisting systems.  sltate any as ssumptions v v consider

impo: sont and illustrate hiow you would select the conoeity of the

Bin hosed on o weour simuloation stody. { 18 mrvres)

FND OF HEN

INATION
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MINE ENVIRONMENT

TIME: THREE HOURS
ANSWER: 5 QUESTIONS, QUESTION 2 IS COMPULSORY
1. (a) Define the following:
(1) Envir-nment
(11i) Ecology
(iii) Ergon-omics (6) points
(b) What are the frur broad areas of Mining and the
Environment? (4) prints
(c) Describe in “ne se¢ntence the approach towards control
of envirrnrnmental degradation? (2) points
() What is the main goal of ventilation, and how relevant
is ventilation in terms «f dust, and toxic and
explosive gases? (4) points
(e) When is air conditicning necessary? (4) pcints
2. (= ¥What is air? (2) points
(b) Tabulate the chemical composition of si-called pure <ry
air at sea-level, by v>lume 2nd by weipht. (6) points
Between weight and volume compositions, what is
normally used f£or ventilation calculatinons? (2) prints
(c) State the six main categories of impurities in mine

air, and give at least tw: examples of impurities in
each category. {(8) p~ints
Which f these categories/impurities are the mrst

dangernus t.. health? (2) p-ints



4

. ()

(b)

(c)

What is blackdamy, and when is blackdamp heavier than
air? (4) points
Analysis f a samplce of asir from ~11 workings 1is
reported as follows:  Oxygen (15.50%), Carbon Dioxide
(2,50%), Methane (1.50%) a2nd Nitrogen (80.50%).
Determine whether blackdamp is heavier or lighter thay
air, with 211 steps of analysis clearly shown.

(16) points
itemize

(i) The scope ~f ventilation survey

(ii) The importance of ventilation survey. (8) pcints
What is inv-lved in the measurement of quantity of
airflow? {(2) points
Itemize at least five techniques used t- measure 21T
velocity, and briefly describe the principle involved
in each methud. (6) »-ints
Discuss briefly the methods »f velocity measurement.

(4) points
Given the gas law equatina (for ary air) as

PV, = RoT (1)

where P = pressurc of air in P2,

T

]

violume of 1 kmol of air in cubic meters
temperature ~f air in K

!

and Ro = universal gas constant = 8314.4 J/km:1 /K.

Takin

in the compulsnry Question 2(b), and molaecular masses

7 air to have the composition by volume as ¢iven

s

»f Oxygen, Carbon Jdicxide, Nitrogen and Arpgon
(including other rare pgases) as 32, 44, 28, 40

respoectively;

Determinc the characteristic gas crastant Ra.



{(11)

(b)

(a)

(b)

(c)

(d)

(¢)

Re-writin: equatica (I) in terms ~f characteristic

za2s constant ~f 2ir as in equation (11),

PV = R_T (11)

Show that

-3
Da (ensity of ary air, kr.m ) = ‘P T

287.1

(8) prints

For 2 pitct-static tube, what relatisn can be used to
obtain velocity from the velicity pressure?

(4) pints

A standard Dit t-static tube placed at the centre ~f
a 400 mm diameter circular duct rectrds o velcity
osressure -f 250 Pa. Calculate the quantity £ air
flowing in the duct if the air temperature is 303 K
and the bar-meter reads 108 kPa. Assume the air t-
be dry and the method facter t» be =qual t: 0.85, and
the crorrecti-n factor K £or the particular pitot-
static tube = 1.

(8) —iints
What are the three chief properties of dust affecting
the develspment and severity of lung diseases?

(2) points
What is the most impourtant parameter of Jdust that

soverns its nhysinlosical effect? " .
g hy sical effec (z2) peints

In what threc ways can dust concentraticn be exaressed?
(2) points

Classify the nresent--ay zir-borne dust sampling methods

g
2

ased on the »rincizle of operation. (1) points

wet suppressicn of dust usually utilizes soHrays of

woter for wetting fine particles suspended in the air.



(1) Illustrate arrangements ~f mist curtain as
crmm-nly used in German mines for suppressing

2ir-borne cust after blasting.

(ii) Wwhat are the disadvantages ~f wet cust

suppression? (10) points

7. (a) What is meant by terminal settling velocity?
(2) points

(v) The terminal settling velocity for streamline mnticn
is Ziven by

V. = 3.03x10% pD2

I

where P density of particle in kg per cubic meter

D = diameter »f particle inm

Desipn a settling chamber for separating quartz dust down
tc 50 ym size from 2 stream of air flowing at the rate of
3 cubic meters per second. Assume velncity >f air in the
chamber as Va = 0.3 meters per second with its respective
eddy factor as 0.5, and height (h) = breadth (b) of chamber.

A 31 k 1 = 1 > Tl 3 =Y .
The density p 2500 k3 per cubic meter. (18) points

8. {a) What constitutes mine climate? (2) pcints
(b) What are the main sources ~f heat in mine air?
(2) points
ATTEMPT EITHER

(c) What are the three types ~f mine refrigeration plants?
Discuss their use, stating their respective advanta;es and

disadvantaes. (16) points
o S

OR

(¢) State at least six desirable features ~f a ventilation

system.

What are the three types of ventilation systems? State

A
the advantazes and disadvantages ~f one ~f them.
(16) ooints

END OF EXAMINATION
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MINERAL ECONOMICS
TIME: 3 HOURS

ANSWER 5 QUESTIONS ONLY (QUESTION 1 IS COMPULSORY}
ALY, QUESTIONS CARRY EQUAL HARRS.

1. A feormsibility study wos carried out on a granite
property to develop it into 2 stone guarry. The total
tonnage of granite is 923,354Z tonnes. Only $5% of this
roserve is minable due to boundary constraints. It is
envisaged that mining ~-nd plant recovereis will be 20%

~1d 95% respectively.

Detailad market study indicates that 150,000 tonnar of crus
stone, of all size ranges, will be sold per annuma at 2

price of K10,000 per tonne for the first 'w .

production year with subsequent increase ofwKSJOOO per

tonna per vear.

The capital cost for the mine, plant and other fucilities
are estimoted at Xi.5 bhillion. The cperaztiag cost for the
first year of production is estimated as K900 wmillion and

incronsing by 5% per Aarminm.
{2} Calculates-

(i} the tocital minable reserves

(ii) the total 1life of the project, allowing
for tw> yvears pre-production period

{iii) the operating cost for each production

year. { 5 marks)
{b) Assuming the SYT method of depreciation is oo be

L

used with Zero salvage value, calculate the

depreciation allowance for each yeAar. { 5 marks)

/2....



I S

) The rovnlties Lo b ooid nre fixed at 5% Hf gross
revenue and incomc tnx is at 45% of taxabise income.
the capital expeasditure is to be spread zvenly over
the two-year pre-productinn period.

Set out, in 2 nent tebular form annual cash l-ws for
the project. { 10 marks)

¢ L billicn = 1,0600,500,000)

A custom ireon smelter bans fixed cost (FC) «<of $I¢0uv ~nd, as
varinble factors are added  output expands. The cost schedule:

are o8 shown in the table holow.

Ouit pult per week Towal T~tal Total
Fixed Crsot: Variable Cost
Cost
TFC T™VvC TC

{tonnes) (%) (%) {8}

0 1000 - 1000
a-10 1000 200 1200 -
20 1800 340 1340
30 1000 £40 1440
40 1000 540 1540
50 10090 675 1675
50 1000 860 1860
70 1000 1100 2160
<80 1000 1400 24GC0
30 1000 1790 3790
i00 1000 2300 3300
110 1000 2960 3960
120 100 38706 L8CH
in) Complete the tahle bv computing the Marginal Cost,
Average Fixed Cogst, Average Variable Cost and Average
total cost schedulie:s. { & marks)
ib) Plot the MC, ATC. AYC and AFC curves om
+he same Axes. { ¢ marks}

/3\5‘300



{c) Calculate:
(i) the equilibrium cutput of the smelterx
if the Marginal revenue (MR)
is $ 45 ( 4 marks)
{ii) the maximum productivity ( 4 mrrke)
3, () List and explain iive factors which justifv the
charging of interest. { 5 marks)
{b} Solwve the folilowing:-
{1) If K5.500 will be needed in % yenrs,

how much should be invested now ot an

interast rnte of 731% comprunded
annu=livy? { 5 nmarks)
{ii) If payments »f K2,500 are made everw
6 amonths D 2 fund paying 8% per annum
compoundied cuartecly, how much will
accumitlate in 5 years. { 5 marks)
(1ii) Revenue frmm sulphric acid s~le from o

copper smelter are presentlyv K1,400
rillion per year. For &n annual interest
rate 2f 8% determine the praseut valuo

»f such revenue over the next 10 ysars if

{7} Sales rise by X150 millicon

i) sales rise by 10% per year { 5 murks}

Annual cash flow from 2 propose’ small gold teaching ~peraticn
is expected to be $ 360,000 ner year for 8 years. Initial
expenditure for plant equinment iz estimated to be
$1.16 million, The salvogs walue of this investment iu
erxpacted ©o be roughly $9¢,008, if the property is « ffered
for zale £ $450,000, caleulats the approximate return for
this investment. Assume that the property payments would
be wmelie immediately, but the romaining capital investndnad
would he Jdivided equally cver & Lws year pre-procuciion

period. { 10 marksd

l4...




{b)

- B -

A certain ccal stripping operation wresently uses
three dozers for reclamation work. To reduce costs,

three alternatives are being considered forxr this job

in the future: rebuild present equipment, purchase
new <ozers, and emplry a contractor.
Details for the alternatives are:

Rebuild Purchase Contract
No. of units 3\‘ 2 N/A
Initial cost 360,000 920,000 C
Annual costs
Maintenance 140,006 85,000
Labour 240,000 160,000 525,000
Supplies 58,000 42,000
Life 8 years 8 vears 8 years
Salvage Value 0 120,000 O

All monetary units are in dnllars.

If the interest is 8% annually which alternative

should be selected? ( 10 marks)

Consider the arguments I~y and against exchange rate
Aevaluation for a country in Ealance of Pavmenls

difficulties. { 20 marks)

vhe law of comparative costs suggests that complete
freed-m of trade should be beneficial yet in reality
foreign trade is influenced by restrictions.

Wwhy should this be s0? { 20 marks)

Write short notes onz:-

{(2) Economics (05 marks)
{b) Wealth {05 marks)
{c) National wealth (05 marks)
{) Factor of producticn. (20 marks)

/50¢na
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COAL MINING METHODS

THREE HOURS

FIVE QUESTIONS
NO TEXT BOOKS OR NCTES ALLOWED

CALCULATORS, ALLOWED

(a)
(b)
{ci
(a)

{a)

(b)

{a)

(b)

¥rite notes on the following:-

Spontaneous Combustion {4 marks
Cleat (3 marks

Gas wells (3 marks

- et Nt

Methane Drainage (4 marks

What are the reasons for undercutting a coal
face in the conventional room and pillar

mining method? (7 marks)

Wwhat precautions and regulations govern blasting

operations in Coal Mines? (7 marks)

Explain why the faull production potential of the
continous miner is often not achieved in room
and pillar coal mining and discuss ways of

improving this productivity. ( 7 marksj)

What is meant by "ONE WEB BACK" operation and what

are its principal advantages? ( 7 marks)

Briefly describe the principle features and functions

of the various items of face equipment you would need

to mine a 600 ft long retreating long wall face in a

7 ¥r thick coal seam. (14 marks)

{bo not include equipment required for development)

/2...



{a)

(b}

- 2 -

Discuss the advantages and disadvantages of
diesel equipment for face haulage in the room

and pillar method. ( 7 marks)

Discuss the five hazards associated with the
use of conveyor belts in underground conl
mines, stating what steps are taken to minimise

these hazaords. : { 7 marks)

(Total marks 70)

END OF BEAMINATION -
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THREE HOURS

1. {(a) Write down the expression for the spherical
semi-variogram with nugget effect a2nd explain 21l
the elements in the expression. (8}/
(b) The experimental semi-varicoram for a lead/zinc
depnsit was computed and tabulated as shown belrw.
Distance * Ne. of Distance b Nz. »f
between (%)% pPairs between (%)2 pairs
samples (m) samples (m)
12.5 5.8 58 . 125.0 16.3 45
25.0 7.9 56 137.5 13.5 45
37.5 12.0 54 150.9 12.9 44
50.0 1i5.6 52 162.5 15.1 43
62.5 17.7 51 175.0 18.0 42
75.0 - 20.0 50 187.5 18.9 41
87.5 19.5 49 . 200.0 18.7 40
100.0 19.0 438
112.5 18.1 A7

(ii1)

{i) Plot the experimental semi-varingram for the Jdata

(i1)

the experimental varicgram.

1.

the sill
the range

the nugget

Fit an appropriate thenretical semi-variogram to

From your fitted model or stherwise calculate: -

(53

(3)



The table below shows the frequency distribution of
gold valges in gl%.

Class interval frequency
1.5 1.9 4
2.0 2.4 4
2.5 2.9 7
3.0 3.4 15
3.5 3.9 12
4.0 4.4 8
4.5 4.9 4
(a) Construct the cummulative frequency curve (5)
(b) Calculate:
(1) the mean grade of the sample set X
(11) the variance of the sample set
(iii) the 95% coafidence limits for the mean grade {10
(c) Assuming a cut-off grade of 2.5g/t, what pcrcentage

of the deposit will be above cut-off grade. (5

An iron deposit is known to follow the Normal distributica

with 2 mean of 48% iron and standard deviation 5%. This

distribution was establishedcon "point®” samples. The

'point’ semi-variogram model is spherical with a range of

influence of 100m.
20m x Z0m by 10m blocks.

(2)

()

{c)

The mine plan is to be constructed on
The Si1ll € = 25(%)?2

(i) Calculate the block variance (5)

(ii) Sketch the "point" and block distributions

on the same axes and comment on them {3}

Write down the oxpressions for:-

{(1) the proportion of

cut-off grade
{ii) the average grade
Considering thc "point"
of 44% Fe¢, calculnte:-
(i) the proportion of

(1i) the average grade

the distribution above
(2}
2bove cut-off grade (2)

values and a cut-off grade

the ore above cut-off grade (2]

above cut~-ofi grade (2)



(d) For the 20m x Z0m x 10m block and the same cut-off
grade, calculate:-

(1) the proportion above cut off grade (2)
(ii) the average grade above cut off grade (2)

4. A massivce sulphur deposit coasisting of 55% sphalerite,
10% galena and 15% pyrite was sampled using the reguiar
drill hole pattern shown below. The hole spacings ~re
2lso shown.

-8 K

. |
7° \\\>% N
D BTTEWLT‘m

t",

1A > :
\\n;/ s SR 50m
N3 100m D=6 3D-9  ___ . __ |

Tha valuc¢ and thickness of cach hole are tabulated below.

Hole NO. Grade (%) Sulphur Thickness
o m)
D -1 65.93 35
D - 2 5.01 33
D -3 10.85 30
D - 4 5.71 25
D -5 8.91 38
D -6 11.21 34
D -7 21.00 43
D - 8 10.97 42
D -9 10.85 39
D -10 7.57 40 7

(2) Using the triangular method of orc¢ reserves
estimation show how the triangles could be 1laid

out for easy reserves calculation (2)
{b) Given the specific gravities of sphalerite,

galena and pyrite as 4.1, 7.5, 5.0 respectively,

Calculate the tonnage {actor for the bleck. (5)



5.

(c) By tabulating your calculations, show

i} the average value of sulphur in the sampled
area
(ii) the total tonnage in the sampled area (19)
{d) Give two reasons why the average value cof sulpur
calculated by this methond is inferior to any of
the predictive methods. (%)
A set of gnld values in cﬁ,g/t is given below.
55: 15; 280; 143; 1350; 95; 386; 4787; 203; 275;
615; 193; 64; 892; 362 103: 205; A488; 136; 7Z; 163
(3) {i) By choosing an appropriate class interval,
construct a frequency distribution table for
the above data and plot the histogram. {(8)
(1ii) Comment on the histogram. (%)
(b) Transform the data by taking the natural logarithm
values »f the data set and comstruct another
frequency distribution with the transformed values.
(Hint: Don't use the same class interval as above) (&)
(ii) By inspection or otherwise confirm your comment
n a(ii) (2)
On =~ particulzr underground level 2 stoping blinck 40m
by 30m is to be estimated. The block has been develeped ou

two adjacent drives 2nd the following information is availabie:

3

= 2,34%Cu
2.01%Cu

average grade along 40m drive

average grade along 30m drive

The depusit can be mndelled by the spherical semi-variogran
with 2 = 60m, C = 0.75{%)2 and Cc = 0.10(%)2.

(a) Calculate the standard deviaiion of the depcesit {(?)

(b) Hritc down the expressi»n for the gxtensiomn

variance {4)



{c)

(2)
(b)

(<)

Calculate the following auxilliary functions for the
biocck.

(1) F (49)
(i1) F (30)

(1ii) H (40, 30) (6)
Calculazte the Extension varianco (3)
Calculate the standard error (2)

Assuming that the zgrade of the deposit is Normaly

distributed, calculate tiae 95% confidence limits for

the average urade of the block. (3)
¥hat is point Kriging {(4)

Write down the general Kriging system f cquntions

in matrix form for oxdinary point Kriging - {(2)
The fipure below shows thyes point samples 1, 2, 3

uszd to estimate the value of the line segment
length 1w The samples ore assigned weights Wi, WZ*
and W3 resnectively. The semi-variogram is °f the

form g(h) = ph. With P = 4 and L= 1om.

1€— 2 >
- 7] A

1 2 3
2 e L -

(i) Derive the Kriging system of equaticns and

the Kriging variance f£or this cestimation. (6)
(1ii) Compute the weights to be used to obtuin the
BLUE n»f the grada. (&)
(i11) 1I£ 1 = 2.59% Cu 2 = 3.65% Ca =ond
3 = 0.52% Cu. Czliculate the Kriged estimato
for the line. (2)

END OF EXAMINATION
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MATERIALS HANDLING

Ti{i%:  THREE HOURS

ANSWIIR ANY FIVE QUESTINNG

L QUESTIONS CARRY

i, MARKS.

k1994

oL {a} Under which hoisting system in ne- % . #ail
rope recormended? Whalt purpeses are achieved

from tho uvse of such a tail rope

{ 5 marks)

{b) For & cylindrical drum winding systom calculate
(i} the lcad torgue and
{i1) tine rope torque from the data give below:

. Hoi=t/wind (pay load) = 4t

. Weicht of the cage, cage chai:

gaay = &L

1¢ and suspension

.  Ag the louded cage comes up the empity cage

goas down with 2 mine cars.

The cage used has

2 decks, each deck accommodiate vpmime air of

0.75t tare.
. Dewnth 5% shaft :

700m
. Rope - Weight = 6 kgf/m

. Weioght of Winding drum = 30t

. Dia. of headgear pulleyvs - = 4.2 ¥ (each)

. Dia. of c¢viindrical drum = 4.4m

. The duty cycle consists of:
Accelaraticn = 10 sec
Constant speed = 30 sec

Deceleratii n = 10 sec

(20000

{ 15 marks )



2
A
Goa. {ax} With the aid of 2 skctch, identifv and describe

the main structural components of a kope Shovel
paying special attention to the functional
description of each component.

{b) An open pit {ron-ore nining operation intends te
employ a shovel and truck excavation and haulags

system on hoth ore and waste.

Given

(i} Rope shovel dataz-
TYDE Locseeecssccssssssances marion 2041
DIipPry S17€ cececccccceccanos 2403
Dipper fill-foactor.....cece. 0,9
Bulking faCEOTeeeeeeennsosans 4,5
Pverage cycle time.......... 45 scconds
Time use factOr..oceececenves 0,9

{11} Oparation datas-

Totol volame to be handled R

(ore and waste)...ess--- 25 million m>/ann
Number of working hours per day.. 3x8hr shift
Nuiher ot available days pex vear..... 265

Transportation distance...... ... 5000m

Truck trovel speed-cmpty......:. 35km/hr
Truck travel speed-loaded...... 20km/hr

Average manoeuvre time (at dump and
shovel) .. ceeoeeosooasescasnsannnosass 2.5min

You are required tc determine the hourly periormance of
the rope shovel ~2ad the total number of wop= shovels
nocessary to handle the ore and waste in onc year.

{ 5 mrrks)
Knowing that the $G of both ore and waste iu 2y85gm/cm3,
dotermine the truck size you would match the shovel with,
and conscequently the number of trucks pexr shovel. Whot

is the required toital fleet for loading and hauling?

{ 15 morks)

}‘3o<=.-



{b)

Write Brief notes on the principle ond applicotion
of ripping in mining and state the basic methods of

production estimation. ( 10 marks)

Pue to tha material and terran choractesistics, a
mining contractor decides to employ - wheel tractor
scraper ripping dozer tandem operntion in order

to move 6 million m3 of overburden per annum.

The equipment specifications (dozex and scraper)

he opts for arc ns given below:-

(1) Dozex
TYPE.us... Cat 3L with single ripper shank
Aver 'ge speed {(including zlippage and
61231 eneeceosoenaaanasesscssce 1,8km/hr
Rip SPACING cveeeeenccansccoss F75mm
Ripper penetratio........... 725mm
Rip distance eceveveeaecossoss 500m
Manoeuvrs time..ceeececenncs 0,45min
Assamne 40 min-hour
Ownersh p and Operating .
CcoStS....... $150/hr (oper-tor’s salary
inclusive}
(ii) Wheel tractor Scraper
PTYPCoceceosasscsenanss Cat 6608
CApACitY scaeescoscons 3056m3
Tyagol SDEE voeeeae 25km/hr
Travel distance....... 4500m
SG of material..c...... § = 2945gm/cm3
Scraper Bowl fill-factor......ky = 1,3

1,20

L

Mrtorisl bulking factor...... kK

Time 0 10A0 ceeeeacooss 3:5min
Time to Aischarge...... 0.5min
Owvnership and Operating costs aeo-$110/hr

{Operators salary
inclusive}

M
/*‘g.oogc



X

- f -

Kwwing that the contrsctor is to operate on 2 3 x 8 hrs
shifts per day and 5 days per week basis, the shift time
use factor on both rinping and scraping being 8,85, you

are roguired to:-

- Determine the production on ripping and scraping and
state whether the m~tching of the wheel tractor
scraper to the Jdozer is justifiable. What is the
production cost in #/3CM on ripping and scraping?

{ 5 marks)

Determine the number of dozers and corresponding
wheel tractor scvovers required to fullfill the
contractual obligntion of moving the 6 million

m3 in one yeax? ( 5 marks)

Given & BWE of following operating parameters and
specification is chosen for the excavation of coal in an

open pit mine.

- Single bucket capacity ....... 2.,5m3
- Numbor of buckets on the wheel.coocooo 15

Duration of o shift....cevce.e. #,.25%hrse

- Number of shiits per dav....... 3.0
Time Uuse fatlnr ceecosascresas 0,80

- Bucket fill-fAactNleeccsseaase 1,50
Bulking faCLor c.veecacocoess 1,35

- Wheel diametor caoeescssacess 18,5m

- Cutting 50660 cooeseesseans 1,.25u/s

{»} Estimate the theorstical and effective ~nnual output
of the BWE knowing that the total number of days

availeble is Z65. { 10 marks)

15;5..)0:

“,
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5
(b} Is o trank conveyer beli of specifications o
given halow - capable i ewacuating the materizl
excavated by the BWE?
Justifv your answer with the ~aid of corresponding

skotches and calculations Convaynr goed !t iadkions

Bolt width ... eevevccvooonioccans 210 Onun
Troughing AnNgle c...ev s iooesvecee 30°
Materials angle of reposS. . isceeoen = 1§»
Specific weight of mateiial.,oeeee... 2,15gm/cm3
Helt speed SPeed .c.cocivosccconassos 2,5m/=s
Belt loading factoY ..o coscncnsocnns 0,80 { 5 marks)}
{c) If answer to (b) is NO what conveyor belt design alterations

would you consider in order to accomodate the BWE production?
( 5 marks)

{a) Writo brief notes on the oriociples and purposes of
drilliing in mining with regard to rock loosening and
fragmentation payving special attention to the folliowing

sub--headiags: -

- Porcussion drilling - applicaetions and limitaiions
. Rotary drilling -~ apwlications and limitations
== Roto-Percussion drilling exemplified by BYH -~ drilis -
#pplications and limitetions. { 16 marks)
(b} 1ist and describe Lthe factors influencing the

the performance ot a rotary blast hole drill-rig as

appiied in hard-rock open pit mining. { 10 marks)

{a)

o
o

cose of a centrifugal vump what will be the effect on

E»da
'

Ouantity

Pressure and

e, .y -y
. 't
‘e
A2 4

r-.ia
[V8
pto

Power if the spneed of the pump is increased by

1.5 times the originzl speed? { 5 markuy)

/6....



2 /.

{b} Calculate th2 power in {kw) for a motor to drive
a turbine pump for raising 3 m3 per minate s water
against a totael head of 35C0m. Assume 80% pump

efficiency. f 15 marks)

Write brief notes on Rail road haulage as applied in mining

under the following =uh headings:-—

L General applicability and determinant physical
conditions
{11} Basic design and oquipment data

(iii) Surface mine application and special ocperating

problems. ( 20 marks)

END OF EXAMINATION
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APPENDIX E
THE NAVIER-STOKES
EQUATIONS FOR CONSTANT
p AND p IN CARTESIAN,
CYLINDRICAL, AND
SPHERICAL COORDINATES

CARTESIAN. COORDINATES

x direction

? . .2
au, dau, du, av, aP Ao, aTp do,
;J(—+L-—'r¢,—+v-—— : s ks

-t ax Ty az LaxToavT o dzty

y direction

du, du Ju dv, aP '(l:u. o, o, .
p<,\-ru—‘+u—x+u —,—i)=~—4ps, i-y( : —‘r——") (-2
o ax ay oz dy Yy (l\" oz
2 direction
‘dv. du, du, du, 1P Ju, v, du, .
[)(—*U‘—TU“"—’?‘U '_——)=—j—-'rpg:1~p(—~+-—+i-—3) (k-5
Ji ax Sy az dz ax dy az
r direction
dy, au, U, v, b au,
p(*‘-ru*——ﬁ'*“—'————'f‘u:.——)
At dr o oal s dz
aP a 1 a vobate, 2 av, av, -
T ot pg T "T‘(ft>,))+—§,—?—"—g,—+, 3 (E-4)
dar dr roar ro g r-d8 a2

732



Appendix E

0 direction
vy - OV , Vg OVg , Urlg avo)
Loy p 22— = ——t v,
p(at ar "y o0 r Ttz

_ Lok, o+ [_a_(l_a_(m ))+lazv"+2§9-’+azv°] N
~ et | 3\ 5 00 )T 5T T 50 627

z direction

P\at "Tar r a8 oz

__®, [zi(,y_z)+_1_azvz+azvz]
9z P& T I\ T 5 \"ar ) T 1* 06° 9zt

SPHERICAL COORDINATES®

r direction

2 2
p<av’» _(3_1_)_,+1)£ .a_.l.).f..;._____vd’ QPI_E?__EQ_)

+ v, "
at ar r 36 rsinfd¢ r r

P [ 2 2 2 avg 2 2 av¢]
=g 4| Vo, —Sv,—3 Ve COt 8~
ar PE T H F a0 r* 8 r‘sin 6 do
@ direction
p[ilze+v,i’.’ﬁ+ze§9_e’+ % 6_@+vrvo_v¢2cote]
at or r 38 rsin@add. r r

__lep- . [v’v L20u_ v 20088 a_?g]
T T g P8 THY DT 50 Psin® 6 rsin” 6 3¢
¢ direction

du QU Vg OV, Vg OUs  Ugl,  Ugl
p(—3+u,—9i+——” e, D¢ ey eyl foot 9)
at or r 90 rsin@ddp r r

1 9P [ . Vg 2 - 3vy, 2cos8 v,
e e | VTt T T,
rsin 6 d¢ PBe T I ¢ rsin’ 6 rsin 6 ap r sin® 8 3¢ .

* In the above equations,

1af 3 1 3 F 1 @
V2=-5—(r—)+—2-f-—~(sin 6—)4—7—:—2—'—5
rfar\ar/ r°sinfad 38/ r°sin® @ d¢
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Figure 14.1 The Fanning friction factor as a function of Re and D/e.
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" APPENDIX 10 .
QUADRATIC FORMS OF MILLER INDICES

Cuble Hexogono!
kit
B4+i3+n Face~ Body- Mkt
Stmple centered contered Dlomond
1 100 1 10
2 110 . s 110 2
3 11} i ‘e m 3 n
4 200 200 4 b_.]
5 210 5
é 21 . s 211 é
8 22 22 220 220 8
9 300, 221 ' |
10 310 PN 310 10
1] n 3n .« 3n I
12 222 222 222 12 n
13 320 13 n
4 321 [N 32 4
15 15
16 400 400 400 400 14 o
17 410,322 17
18 411, 330 « 4 411,32 18
19- 331 N1 [ 01 134 n
20 420 420 420 2
21 421 21 4
2 332 s 0 e 332 n
g2 2
24 422 422 422 422 24
25 500, 430 25 %
26 510, 431 e 510, 431 26
vz4 511,333 511,333 I 31,3 b24 3
A 2 a2
29 520, 432 2
30 521 “ e 521 k]
31 3l 51
32 440 440 440 440 " 32 .
Kk 522, 441 3
A 530, 433 P 3530, 433 H
35 531 531 S 53 35
3 600, 442 600, 442 600, 442 36 60 -
a7 810 37 4
3 611, 532 e 811, 532 38
¥ ¥ ] s
40 620 620 620 620 40
41 621, 540, 443 ’ 4]
42 541 e 541 42
43 533 533 P 533 4 3]
44 622 2 22 44
45 630, 542 45
46 431 e 431 44
47 . 47
48 444 444 444 444 48 “
49 700, 632 49 70,8
50 710,550,543 . . . 710, 550, 543 .. 50
- 851 711, 551 |71, 551 .. 711, 551 51

52 640 640 640 52 Y]
53 720, 641 53
4% 1721, 633, 552 721, 633, 552 54
55 55
56 642 642 642 642 56
57 722, 544 57 71
58 730 P 730 58
59 731, 553 731, 553 . e 731, 553 59

e ..,n-.‘.l_’
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Table 18,1 Severity of Quench Values for Some Typical

Quenching Conditions,

H Value Quenching Condition
0.20 ‘ Poor oil quench — no agitation
0.35 Good oil quench — moderate agitation
0.50 Very good oif quench — good agitation
0.70 Strong oil quench - violent agitation
1.00 Poor water quench ~ no agitation
1.50 Very good water quench - strong agitation
2,00 Brine quench - no agitation
5.00 Brine quench — violent agitation
% Ideal quench
3.80 8.40
f J
3.60 5‘,” 9— 8.0
3.40 S, / v J Ig-—-—- 7.60
3.20 S Ad ‘7, 3
- ¥ & g 7.20
gy ST 17 3
g 3% & 2 680 5
2 280 I 6.40 *
< 260 7/ /] 6.00 £
H I§| y l 3
5 2% s ) p w4 ss0 &
L 220 5 o 520 2
3 /74 o 2
320 / ° e / 4.80
180 / X
/ N I 4.40
160 » 4.00
i )V - J “MANGANESE
.40 7 L LINE EXTENSION 3.60
.80 1.20 1,60 200
120 J 1 1 1 1
40 .80 1.20 160 200 240 280 320 350 400
’ PER CENT OF ELEMENT
0.38
PO
0P S O
0.36 A AP
20 I [ T 1] | A A
| Valz,
0.34 AAZA X <
// /,/ A // &O
0.32 1.6 ALz 7. % ,/,:,,,/ 7 Y
v 4 f A 7// cA f’/ 4
> 0.30 / %27 g g
- w12 %Y 4% d o¥
5 0.28 2 /] XA : A
3 4 AV 757, ‘ <l 14
] a7 ] g A AA /
0.26 © o8 YA 5% SL%P P %% @%
] A 27 ") g L1
; 0.24 7, /.// A /V ) ;; — L~ O\O
I Ze 7 = = =
0.22 04 Ly - - - 11
. = F— T T ool
0.20 0 ot A
» o] 04 08 12 1.6 20 24. 2.8
0.18 D Vatues
0.l6
) 0.2 0.4 0.6 0.8

Corbon, %

H Values
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