















































































































































































































































































































































































































































































































































Modern designs use Figure 13-19 [ref 119] Telsmith “S” by section

hydraulic systems for TELSMITH “S” GYRASPHERES
adjustment, either by
moving the shell and
outer cone, or by moving
the shaft and inner cone,
tramp steel protection on
some modern crushers is
provided for by replacing
the outer springs with
hydraulic cylinders, these
are interconnected and
pressurised by a gas
over hydraulic
accumulator system. On
other systems, over-
pressuring the hydraulic
adjustment system will
cause the pressure to be
released and will lower
the inner cone. The
modern system of instant
hydraulic adjustment can be made when the crusher is operating, thus
enabling a facility to be applied which senses the amount of electrical load
on the drive motor. Having this ability enables a further step to be made
to a completely automatic system of adjustment and enhanced

performance.

Application

Cone crushers are often used as secondary and tertiary crushers in hard
rock applications They crush the rock by compression and flexural stress,
this can cause there to be problems with the quality of the rock, for
example, should the rock be of a type that is prone to splitting along its
bedding planes or in line with its crystal make up.

13:5.2 Ndola Lime Company

The Ndola Lime Company uses two cone crushers, one for secondary and
one for tertiary crushing.

Secondary crusher

Secondary crushing is carried out by a 66x15-inch “S” type standard cone
Pegson Telsmith gyratory crusher. The unit was installed in 1973 and is
in good condition, it is found in the number two crushing house. Utilising
a long throw spherical head action, and an operating closed side setting
of 44 mm the throughput has been calculated at 99 tonnes per hour. The
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manufacturers show that with an coarse crushing chamber configuration
the maximum feed opening is 279 mm closing to 254 mm and the
minimum closed side setting is 25 mm. At a setting of 44mm the
throughput in an open circuit should be more than stated, at 400 tonnes
per hour. With a medium crushing chamber configuration the maximum
feed opening is 228 mm closing to 203 mm and the minimum closed side
setting is 19 mm.

Tertiary crusher

Tertiary crushing is carried out by a Pegson Telsmith 48-inch “FC” fine
crushing gyratory crusher. The unit was installed in 1973, is in good
condition and found in the number two crushing house. Utilising a long
parallel crushing zone, and operating with a closed side setting of 10 mm
gives a throughput of 56 tonnes per hour. The manufacturers show that
when operating with a medium crushing chamber, the maximum feed
opening is 75mm, closing to 48mm and the minimum closed side setting
is 8mm, at a setting of 10 mm the crusher has a potential throughput in a
closed circuit of 80 tonnes per hour.

Other than size, the main difference between the secondary and tertiary
crushers is the inclusion of a feed distributer on the smaller unit and in the
bearing support. Both units are adjusted by rotating the head of the
crusher. The head of the crusher is locked into position by hydraulic rams,
these can be

released for Figure 13-20 [ref 119] Telsmith “FC" by section

adjustment, a STYLE “FC” GYRASPHERES

further system
of hydraulic
rams can be
used to turn the
head, this
system although
reliable is
obsolete.
Lubrication is
provided by oil
pumped under
pressure to the

main eccentric
and support bearings, to return through a cooler to an external tank.
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This is a typical core sample analysis it has been taken from a project in
which the writer produced a feasibility study. The core has been logged
and samples taken, they have been given a visual inspection and
commented upon [ref 90].

NAJAYO CEMENT PROJECT
Borehole SN103

Borehole Summary

Type of Borehole
Total Depth

UTM Grid Co-ords
Level of Origin
Dates of drilling
Drilling Contractor
Drilling Rig

Driller

Geologist

Cores logged by
Purpose of Borehole

Core and hole size
Drilling Fluid
Casing

Comments

Vertical, cored throughout

60.00 metres

F382700 N2030750 (approx.)
100 m above sea level (approx.)
14/08197-18/08/97

Geocivil SA

Longyear 38

Juan Enerlo

Lloyd Boardman (IMCL)

Lloyd Boardman

To provide continuous cores for
cement raw material evaluation
Core: HQ

Water and polymer

All recovered

Left open and capped, 60m 1.75 inch

pvc pipe installed

Borehole: SN 103

Approx. location E382700 N2030750
Approx. starting level 100 m (above sea level)
Coring from surface (HQ size)

Partially weathered, weak, smooth, plastic yellow/brown CLAY 002
carbonate concretion at 0.58, occasional white calcareous veinlets and
small rounded diffuse patches.

SAMPLE: SN 103/1 0.00-1.00

SAMPLE: SN 103/2 1.00-2.00

0.06 carbonate concretionary layer at 1.76, veinlets absent below,
generally solid core recovery throughout with rare broken horizons, rare
small red/brown irony concretions below 2.40 with some black spotty
manganese mineralisation on occasional high angle joints. Becoming
generally firmer and blocky below 2.50 with occasional small listric
surfaces. 0.05 pale grey carbonate concretionary layer at 2.77.
SAMPLE: SN 103/3 2.00-300

SAMPLE: SN 103/4 3.00-4.00
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SAMPLE: SN 103/5 4.00-5.00
45 degree angle joint at 5.48, high angle irregular joint 6.53 to 6.69

SAMPLE: SN 103/6 5.00-7.00
iron staining common on joints below 6.70 - 7.00 partially weathered, very

weak, smooth pale yellow/brown CLAYSTONE, abundant iron staining
and manganese patches, generally solid core recovery, some high angled
joints, blocky in part, strong and calcareous with manganese
mineralisation 7.60 to 7.75 and 7.92 to 8.02 and for 0.05 at 8.18, 28 and
35 degree joints common 8.70 to 9.40.

SAMPLE: SN 103/7 7.00-9.00

0.03 calcareous nodule at 8.32, rare grey/green streaks below.

45 degree listric joint at 9.60, grey/green streaks increasing in abundance
below with rare pale yellow/brown silt laminae.

DIP 17 degrees at 10.75

SAMPLE: SN 103/8 9.00-11.00

0.035 strong calcareous ?concretionary layer at 11.25, becoming greenish
below with abundant black manganese films on some joints. 0.04 strong
pale grey irregular calcareous nodular layers at 12.56 and 12.74 with
sandy CLAYSTONE between, some fine orange sandy laminae below

SAMPLE: SN103/9 11.00-13.15 13.45
Fresh to partially weathered, strong, pale grey nodular LIMESTONE with

manganese mineralisation on open joints, irregular top and base, solid
core recovery

SAMPLE: SN 103/10 13.15-13.30 13.30
Partially weathered, weak, pale brown, slightly silty CLAYSTONE with rare
yellow/brown patches, solid core recovery

SAMPLE: SN 103/11 13.30-14.30 14.30
Partially weathered, weak to moderately weak pale brown CLAYSTONE,

grey/green in top 2.00, generally solid core recovery except below | 6.20
for 0.15 with some broken core, some small pyritic aggregates in grey
material and rare small shells, large irregular high angle joint iron stained
joints and thin laminae at 16.30

SAMPLE: SN 103/12 14.30-16.35

Some broken and fragmentary core below 16.35to 17.55, generally solid
core below and stronger and siltier, occasional grey/green patches below
17.00, high angle iron stained joint 17.60 to 18.00, 0.02 pale grey, strong
calcareous nodular layer with manganese mineralisation and lron staining
at 18.02

SAMPLE: SN103/13 16.35-18.35 _
Fresh, moderately weak to moderately strong, grey with green tinge

CLAYSTONE, some pale brown patches in top 0.65, 0.07 pale grey
irregular iron stained calcareous nodule at top, generally solid core
recovery.
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SAMPLE: SN103/14 18.35-20.35

thin black lamina at 20.70, rare comminuted shell debris in patches,
below, slickensided joint 21.65 to 21.74

FAUNAL SAMPLE: FNOO1 at 22.45

SAMPLE:  SN103/15 20.35-23.35
becoming slightly paler in colour below 23.65
SAMPLE: SN103/16 23.35-26.35

DIP 16 degrees at 28.55

FAUNAL SAMPLE: FN0O2 at 28.70
SAMPLE:  SN103/17 26.35-29.35
FAUNAL SAMPLE: FNOO3 at 29.35

FAUNAL SAMPLE: FNOO4 at 30.05

SAMPLE: SN103/18 29.35-42.35 3235
Fresh, moderately strong, smooth, greenish grey CLAYSTONE,

occasional very small shells and shell debris, curved listric surface at
32.52, generally solid core but with fragmentary and broken core for 0.20
at 33.75, well preserved large ornate gastropod at 33.80, occasional small
gastropods below.

FAUNAL SAMPLE: FNOOS at 33.80

Core fragmentary for 0.15 below 33.80

SAMPLE:  SN103/19 32.35-35.35

Re-drilled core for 0.14 at 35.85, generally solid core below except for
0.16 fragmentary at 38.90, generally weaker and blocky below 38.00

SAMPLE: SN103/20 35.35-38.90
Solid core recovery below 38.90, 0.085 concretionary calcareous layer at

39.54, slickensided joint 39.72 to 39.80, rare thin black lamina below
39.90 and generally paler in colour overall with some very fine silty
laminae and occasional small concretionary calcareous nodules, 0.15
concretionary carbonate layer with associated listric surfaces at41.24 and
occasional thin layers below.

SAMPLE: SN103/21 38.90-41.90

becoming smooth in general below 43.50 again but thin silty horizons
common below 44.00 and with more shell debris and becoming generally
weaker

SAMPLE: SN103/22 41.90-44.90 A
45 degree slickensided joint at 45.00, thin calcareous concretionary layers

and small nodules common in basal 0.85 46.15

Fresh, moderately strong, smooth, grey to dark grey with green tinge,
CLAYSTONE, occasional very fine paler silty laminae.

DIP 17 degrees at 46.50

weak and plastic from 47.30 to 47.90
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SAMPLE: SN103/23 44 90-47 .90
Fragmentary and broken core for 0.10 at 49.20 and for 0.18 at 50.50, silty

with some well preserved shells for 0.20 at 49.65

FAUNAL SAMPLE: FNOO6 at 49.65

0.02 fine sandy lamina at 49.85, generally weaker below 49.70 to 50.12,
rare silty lamina below and moderately strong again.

SAMPLE:  SN103/24 47.90-50.90
solid core recovery below 50.90 DIP 21 degrees at 51.00 irregular fine

sandy laminae for 0.04 at 51.97, occasional convolute laminae below,
?sand filled sub horizontal burrow at 52.63, comminuted shell debris for
0.18 at 53.64

SAMPLE:  SN103/25 50.90-53.90
55 degree slickensided joint at 54.12, shell debris common in thin layers

below 55.20 and becoming darker and weaker. 45 degree joint at 55.40
FAUNAL SAMPLE: FNOO7 at 56.50

SAMPLE: SN103/26 53.90-56.90
very rare shell fragments below 56.90
SAMPLE: SNIO3/27 56.90-60.00 60.00

Total Depth 60.00m

Borehole left open with locking cap and 60m 1.75 inch slotted PVC pipe

inserted.
Borehole dipped 5/9/97 - water level 9.75m
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Sections of Changalume Deposit
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Sections of the Changalume deposit
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Appendix D

Computer Plotting
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Computer plotting

In the past, the part of quarry planning dealing with plotting the resource
and drawing the actual working plan was a manual process, however, the
work has been now being speeded up and to a certain extent improved,
by the introduction of computerised facilities. Nowadays most mining plans
are prepared on a computer. The first stage of computerisation is to
replace the hand drawn maps with a digitised computer image, these can
be operated relatively easily and are in wide use, a series of quarry plans
for a limestone quarry have been included in chapter 8, they show the
original land surface and the progressive development of the project, in
this instance the quarry begins at the top of a slope and descends in ten
metre benches aligned with the natural contours.

Lerch and Grossman in 1964 published a 3-D algorithm based on graph
theory which could be applied to determine the optimum design for a
quarry. In 1986 Whittle programming Ltd utilised the algorithm for the first
time in a commercial software package. The method produces a computer
generated three dimensional block model of the deposit and progressively
builds and identifies lists of related blocks which should or should not be
mined. The model will display a pit outline to take advantage of the best
possible pit slopes to achieve optimum viability from the deposit. A further
facility, mainly of value to underground developments or surface extraction
of thin seams is the ability of modern computer packages to draw

isopachyte maps.

These maps are able to give a visual representation of the thickness of
the seam and overburden, they can be produced from the direct input and
interpretation of borehole date and operate on the “nearest neighbour” or
“area of influence” practices. The maps can aiso be drawn to give a visual

display of the quality of the deposit.

The picture on the next page shows a computer interpretation of an
existing coal mine that is located in Indonesia, details such as the
intermediate water sump which is situated in the top right hand corner can
be seen, as can the haul road and access routes to the various benches.
The image was produced by interpretation of information gained from a
detailed site inspection that was logged into a computer operating a
dedicated programme. This particular image was produced using software
produced by Surpac Software Limited, other software such as the MOSS
system which was developed from a highway cut and fill programme.
Surfer, Datamine, Minescape, Eclipse, Lynx etc, are both powerful and
versatile, they are available from specialist software producers.
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A typical quarry planning programme will have the facility to;

>

generate a grid

produce a contour map (a two dimensional map of three
dimensional data)

generate surface plots (a three dimensional representation of a
grid)

produce image maps (maps of a grid with scales of colour
representing values of height, density, grade of_ material or any
other combinations required to define or simplify interpretation)

produce a filled contour map which is a an abstraction combining
or overlaying all the above plots

Enable the quarry plot to be combined with country maps for
accurate boundary control.

A computer image showing the overhead view from 3,000 metres. Visible are the

benches, the final pit walls, entrance road and a mid-level sump.

Page 469



Appendix E

Rock Mechanics
and

Formulae of Elasticity
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Rock Mechanics, Terms and Formulae

Texture

Rock texture refers to the grain structure of the rock and can be classified
by such properties as, porosity, looseness, density and grain size. All
these factors have a bearing on rock strength.

Structure

Structural properties such as faults, joints, bedding planes, schistosity and
rock type contacts, together with dip and strike all influence the structural
strength of rock.

Hardness

Hardness can be used as a measure of the engineering properties of a
rock behaviour to stress, by indicating how much stress is required to
cause failure within the rock.

Rock contacts

Rock contacts form discontinuity planes, where the planes are associated
with intrusive rocks they are often gradual and cause little reduction in
rock strength. Distinct contacts, may be unstable and appear in
association with joint systems.

Faults

Faults are generally shear planes along which, movement and
mineralisation has taken place. Fault contacts often consistlof fine grained
material such as clay and mylonite, that have been formed in the shearing

process.
Bedding planes and schistosity

Bedding planes and schistosity reduce rock strength both locally and on
a large scale, if the bedding planes are tilted they can cause excavated
faces to become unstable, with strata peeling from the face.

Jointing

Jointing has a similar effect to bedding planes, by having extended voids
between rock masses, the shattering effect of an explosive shock wave
can be disrupted, thereby reducing the compressive and tensile forces.
This often results in poor blasting, sometimes accompanied excessive by

fly rock.

Page 471



Dip and strike

The dip and strike of a deposit usually indicate to what extent the deposit
will be bedded and jointed and whether the cracks will be filled with calcite
or another in fill material.

Rock mechanics

The study of deformation resulting from the strain of rocks in response to
stresses is called rock mechanics. When a stress (force per unit area) is
applied to a material such as rock, the material experiences a change in
dimension, volume, or shape. This change, or deformation, is called strain.

Stresses can be axial, for example, a directional tension or simple
compression, or shear (tangential), or all-sided (for example, hydrostatic
compression). The terms stress and pressure are sometimes used
interchangeably, but often stress refers to directional stress or shear
stress and pressure (P) refers to hydrostatic compression. For small
stresses, the strain is elastic (recoverable when the stress is removed and
linearly proportional to the applied stress). For larger stresses and other
conditions, the strain can be inelastic, or permanent. [ref 47]

Stress relationships

When calculating the forces needed to break rock, some blasting and
other engineers refer to Young’'s modulus and Poissons ratio, below are
examples of each, the writer has designed thousands of blasts without
recourse to refer to these formulae. This is not to say that it is
inappropriate to refer to these formulae, merely that a typical biaster can
work quite well without ever having heard of Mr Young and his modulus.

The writer believes that, generally the use of these formulae can be
considered inappropriate when blasting more than a single piece of rock,
this is because that, on a large scale, rock bodies exhibit a multitude of
physical and chemical variations and structural features.

Even on a single rock the assumption of ideal behaviour of elastic strain
and homogeneous and isotropic stress and strain falls down because, in
reality, on a microscopic scale there are grains and pores in sediments
and a fabric of crystals in igneous and metamorphic rocks. Furthermore,
conditions such as extended length of time, confining pressure,
subsurface fluids, fractures, existing strain forces and reflective faces in
the total rock mass affect the rates of change of deformation.
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ref 47]
Variation of some constants (in 10/\6 bars) with rock types and confining pressure
At a pressure of one bar At a pressure of 3,000 bars

Rock type Bulk Young's Shear Poisson's Bulk Young's Shear Poisson's

modulus modulus modulus ratio modulus modulus modulus ratio
Granite 0.10 0.30 0.20 0.05 050 0.60 0.40 025
Gabbro 0.30 0.90 0.60 0.10 0.90 0.80 0.50 020
Dunite 1.10 1.50 0.50 0.30 1.20 1.70 070 027
Obsidian 0.40 070 0.30 0.08
Basalt 050 0.80 0.30 023 0.80 1.20 0.40 025
Gneiss 0.10 0.20 0.10 0.05 0.50 0.70 0.30
Marble 0.10 0.40 0.20 0.10 0.80 0.70 030 0.30
Quartzite 0.50 1.00 0.40 0.07
Sandstone | 0.07 020 0.08 0.10
Shale 004 0.10 0.05 0.04
Limestone 0.80 0.60 0.20 0.30

In elastic deformation, there are various constants that relate the
magnitude of the strain response to the applied stress. These elastic
constants include the following:

(1) Young's modulus (E) is the ratio of the applied stress to the fractional
extension (or shortening) of the sample length parallel to the tension (or
compression). The strain is the linear change in dimension divided by the

original length.

(2) Shear modulus is the ratio of the applied stress to the distortion
(rotation) of a plane originally perpendicular to the applied shear stress;

it is also termed the modulus of rigidity.

(3) Bulk modulus (k) is the ratio of the confining pressure to the fractional
reduction of volume in response to the applied hydrostatic pressure. The
volume strain is the change in volume of the sample divided by the original
volume. Bulk modulus is also termed the modulus of incompressibility.

(4) Poisson's ratio is the ratio of lateral strain (perpendicular to an applied
stress) to the longitudinal strain (parallel to applied stress).

The following are the common units of stress:
1 bar = 10° Dynes per square centimetre

= 10° Newtons per square metre, or Pascal (Pa)
0.1 megapascal (0.1 x 10° Pa)

Thus 10 kilobars = 1 gigapascal (i.e., 10° Pa). [ref 47]
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Young's Modulus

This formula describes the elasticity of a solid and is of interest to blasting
technicians when calculating the behaviour of a rocks ability when
subjected to a high value shock wave, whereby, if the elasticity threshold
of a rock is above the levels imposed by the shock wave, the rock will not
break. Young’s Modulus is a formula developed by Thomas Young, that
describes the elastic properties of a solid undergoing tension or
compression in one direction only, as in the case of a metal rod that after
being stretched or compressed lengthwise returns to its original length.
Young's modulus is a measure of the ability of a material to withstand
changes in length when under lengthwise tension or compression.
Sometimes referred to as the modulus of elasticity, Young's modulus is
equal to the longitudinal stress divided by the strain. The modulus is
meaningful only in the range in which the stress is proportional to the
strain, and the material returns to its original dimensions when the external
force is removed. As stresses increase, Young's Modulus may no longer
remain constant but decrease, or the material may either flow, undergoing
permanent deformation, or finally break [ref 47].

Typical values of elastic constants and properties
Elastic constants Compressive strengths (kilobars)
Rock type Young's modulus Shear modulus At room temperature and pressure
Shale 02t0 0.3 0.15 08to18
Sandstone 05t020
Limestone 041007 0.22t00.26 1.0t02.0
Granite 03t006 0.20 171025
Basalt 0.7t00.9 0.30 1.0to0 3.4
ref 47]
Typical rock strengths with varying temperature & pressure
Rock type Temperature Confining pressure Plastic yield Ultimate strength
degrees Celsius kilobars strength kilobars kilobars
Granite 500.00 5.00 10.00 11.50
800.00 5.00 5.00 6.00
Basalt 500.00 5.00 8.00 10.00
800.00 5.00 2.00 2.50
Limestone 24.00 200 4.50 5.50
500.00 3.00 2.50 3.00
Marble 24.00 2.00 2.50 5.50
500.00 3.00 1.00 2.00
Shale 24.00 2.00 1.50 2.50
[ref 47]
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PHYSICAL PROPERTIES and SPECIFICATIONS

There are many specifications for aggregates, the most commonly used
are those produced by the American ASTM, and the British Standards
Institution, each of these can be identified by their respective prefix
numbers.

The ones of interest to this document are;

BS 12. Specifications for Portland cement.

BS 63. Specifications for grading, flakiness and strength for roadstones
BS 146. Specifications for Portland blast furnace cement.

BS 410. Specification for test sieves.

BS 812. Testing aggregates.

Part 1. Methods for determination of particle size and shape.

Part 2. Physical properties

. Part 100. General requirements for apperatus and calibration.
. Part 101. Guide to sampling and testing aggregates.

. Part 102. Methods for sampling

. Part 103. Testing aggregates

. Part 103.1. Sieve tests
. Part 103. 2. Sedimentation tests.
. Part 104. Recommended methods for determination of the nature

and content of material finer than 75 micron.
. Part 105. Shape

. Part 105.1. Flakiness index.

. Part 105. 2. Elongation index

. Part 106. Methods for determining the shell content in coarse
aggregate.

. Part 109. Moisture content.

. Part 110 Aggregate crushing value. (ACV)

. Part 111. Method for determination the 10% fines value. (TFV)

. Part 112. Method for determination of the aggregate impact value.
(AIV)

Part 113. Aggregate abrasion value (AAV)

Part 114 Polished stone value. (PAV)

Part 117. Water soluable chloride salts

Part 118. Methods for determination of sulphate content.
Part 119. Acid soluble material in fine aggregate.

Part 120. Drying and shrinkage of aggregate.

Part 121. Soundness of aggregate.

BS 882. Specifications Aggregates from natural sources for concrete.
BS 1199 and 1200. Specifications for Building sands from natural sources.
BS 1370. Specification for low heat Portland cement.

BS 1881. Testing concrete.
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There are many others but these generally refer to specialised light
aggregates. The general specifications are shown below;

1

Specification for Concrete Aggregate Materials as used in Large
Civil Projects

100 kN. for 37.5 N/mm2

10% fines @ 50 kN.

ACV: not greater than 35

Los Angeles Abrasion (LAA): not greater than 50
Absorption: not greater than 2%

Sodium sulphate soundness: not greater than 12%
Magnesium sulphate soundness: not greater than 18%

Specifications for Bituminous mix and Surfacing Materials

Coarse Aggregate Fine Aggregate

LAA 35 max - 40 max LAA 50 max

ACV 28 max - 30 max

PSV 50 min

American Association State Highway and Transportation Officials
Standard (AASHTO) T210 (durability) 25% min

Sodium Sulphate soundness 15 max - 12 max - 9 max
Crushing Index 100
Absorption not greater than 2.5%

Specifications for Road Base and Sub Base Aggregates

Base Sub base

ACV not greater than 30%

LAA not greater than 40% LAA not greater than
45%

Physical properties

The essential physical properties of aggregates are;,

¥y v v v v v

grading including silt, clay and dust

strength, 10% fines, ACV, AlV

polishing, degradation & soundness - PSV, LAA
soundness

shape and surface texture

specific gravity and absorption

The assumption has been made that grading including silt, clay and dust
content can be controlled by extraction and crushing techniques. similarly,

Page 477



the shape and surface texture under these conditions essentially vary with
quarrying operations. The other physical property variables left to consider
are now each discussed in relation to meeting the specifications.

Strength

This 15 not a stated requirement for material satisfying ASTM, C33 but it
is for materials satisfying BS 882. The compressive strength of limestones
varies from 10mN/m? to 200 mN/m?. A dense limestone should have a
strength of about 180 MN/m?.

Los Angeles abrasion value

Concrete aggregates are required to have a maximum allowable abrasion
value of 50% and good limestones should give about 25%.

Polished stone value

The polished stone value (PSV) is not a requirement of ASTM C33 and
BS882 disregards polishing, a typical limestone will give 40 or more.

Aggregate abrasion value

For concrete aggregates an abrasion value of a maximum of 50% (ASTM)
is permissible, good limestone should give, about 10.

By a similar review of specifications for the above materials defined under

BS and ASTM standards the following conclusions can be made regarding
specifications for aggregates for bituminous mixes, surfacing materials,

road bases and sub bases.

Physical property requirements of for bituminous mixes and surface
treatments(except grading and deleterious materials).

Coarse Aggregates, relevant codes ASTM D 692 and BS 594

Soundness SSS  12% max
MSS 18% max

Degradation LAA 40% max for surface courses
LAA  50% max for base courses

Fine Aggregates, relevant codes ASTM D 1073 BS 594
Soundness SSS 15% max

MSS 20% max
P.1. 4% max
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Bases and Sub-bases ASTM D 2940

Base LL 25 Pl4 sand equivalent 35 min
Sub base Pt 4 sand equivalent 30 min

Macadam Pavement ASTM D 693

Degradation LAA 40 max surface

50 max base
Soundness SSS 20 max
MSS 30 max
Fines LL 30 PI6

Flakiness index

This expression describes a material of which the thickness is small
relative to the other two dimensions. A high percentage of flaky material
can adversely affect the durability of concrete as the material tends to
orient in one plane, often with water and water voids forming between the
layers. More than 15% flake by weight in coarse aggregate is considered
to undesirable in concrete mixes and the BS 882 limit for flake is not more
than 40% in crushed rock. Unless the bedding is very pronounced, flake
is not commonly associated with limestone aggregates.

Elongation

Elongation is a product of both the nature of the rock and the type of
crushers. Generally the more the rock is exposed to crushing, the less will
be the elongation. Primary crushing only, will cause a high percentage of
elongation. The BS 882 1983 limit for elongation is less than 15%.

Actual crushing value

Actual crushing value is an old style test of the strength of the rock,
because the fines can become compacted in the test, weak aggregates
tend to show a better result than is true. A figure of less than 12 is very
good. For use in asphalt 28 is permissible and for concrete, 35 is
permitted. A good limestone will give a value of 25 or less.

Hardness

Typically, limestones will fall between 2 and 4 on the Moh's scale of
hardness.

10% Fines Value Test

This is a further and more accurate test of the strength of rock with an
increase in the value of the number showing an improvement in the rock

Page 479



strength. The qualifying pressure to produce 10% fines for aggregates to
be used in concrete with non wearing surfaces is 50 kN, this is a strange
value as a rock giving 10% fines at 50 kN would hardly be classed as a
rock. A good limestone should give a value of 180 kN or more.

Aggregate impact values

This test determines the toughness of the aggregate and consists of the
impact of a standard hammer falling 15 times under its own weight upon
a cylinder containing rock. The greater the value of the number, the
tougher is the rock. The BS 882 1983 limits of aggregate impact values
for use in concrete are up to 25% in normal concrete and 45% for use in
concrete with wearing surfaces. Good limestones should give a value of

20% or less.

Absorption

The water absorption of aggregate is determined by measuring the
increase in weight of an oven-dried sample when immersed in water for
24 hours (with the surface water removed). The ratio of the increase in
weight to the weight of the dry sample, expressed as percentage is termed
absorption. The BS 8002 recommends a maximum limit of absorption of
3%, and a result of less than 2% would be very good. High absorption
figures can lead to problems with the water cement ratio, and therefore,
the strength and workability of concrete. Absorption is often a product of
the type of cementing medium in the rock, the degree of weathering and
the amount of vesicles. Good limestone should have absorption values of

less than 2%.

Soundness

This is the name given to the ability of aggregate to resist changes in
volume as a result of changes to its physical conditions. The physical
causes of large or permanent volume changes of aggregate are freezing
and thawing, thermal changes at temperatures above freezing and
alternating wetting and drying. A common characteristic of rocks with a
poor record is their low specific gravity and their high absorption.

The tests involve immersing the sample in a solution of magnesium
sulphate for seventeen hours and then oven drying. This cycle is carried
out five times and the tested sample compared with the original. For use
in concrete, the soundness index of a rock type should not be less than
88%. A good quality limestone should give a value of 99%. The British
Highways gives soundness maxima of 65% for coarse and 75% for fine

aggregates.
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Apparent density

The apparent density will not define the quality of the rock. However, it is
normally considered that the aggregate with the highest figure represents
the best and most dense rock. A specific gravity of less than 2.2 indicates
that the rock is not very satisfactory for use in concrete. Dense limestones
dried at 110 degrees centigrade, should show figures of between 2,3 and

2.9 glem®.
Alkali silica reaction

Certain types of rock have been found to have inclusions of minerals that
cause a deleterious reaction between the silica, silicates, or carbonates
In aggregates and the sodium and potassium hydroxides in the cement
paste in concrete. Other component required are, oxygen and water. The
minerals that are present in the rocks that may be deleteriously reactive

include;

fractured (granulated) quartz
cristobalite

Zeolite

iron sulfides

vy v v v

The most common reaction being caused by the active silica constituents
of the aggregates. In relation to bitumen-mineral reactions, the
composition and texture of a material may suggest that its binding
properties may not be optimal because of the amount and type of
feldspars and ferro-magnesian minerals. Tests carried out for this are

made to ASTM C586.
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CEMENT [ref 68)
Definition

The word cement is often used in a general sense to define adhesive
substances of all kinds, but in a narrower sense it refers to the binding
materials used in building and civil engineering construction. Cements of
this kind are finely ground powders that, when mixed with water, set to a
hard mass. Setting and hardening result from hydration, which is a
chemical combination of the cement compounds with water that yields
submicroscopic crystals or a gel-like material with a high surface area.
Because of their hydrating properties, constructional cements, which will
even set and harden under water, are often called hydraulic cements. The
most important of these is Portland Cement

Quarrying

The proving, assessment and winning of cement raw materials is an
integral part of the cement manufacturing process. The operation of the
gquarries must never be considered as a separate operation to the
manufacture of the cement. Problems associated with the finished
cement, low strengths or air setting for example, are just as likely to be
associated with the raw materials as to the manufacturing process. The
raw materials also dictate the design of the cement plant itself.

The manufacture of cement can be divided into a number of stages :

Quarrying The chemistry of the stone being quarried, together
with the variation in that chemistry, will determine every aspect of
the quarrying procedure. Stones with little variation can be worked
using a quarry layout and plant which is designed for cost
effectiveness, often with large plant which is moved only short
distances between biasts. Highly variable stone may require
extraction in the form of a series of small widely spaced panels,
using highly mobile piant and, possibly, computer control of the
dump-truck routing to ensure that the required ratio of stone from
each panel is maintained. In certain instances it is necessary to
extract the stone from underwater using floating dredges.

The physical nature of the stone can dictate whether or not the
stone is carried in dump-trucks or can be transported out of the
quarry using conveyors. The moisture level of a rock, or its ability
to absorb moisture in wet conditions, can dictate the amount of
stone which can be extracted from a face by blasting or ripping,
and left on the ground prior to loading and removal from the quarry.

One important aspect of quarrying is the collection of chemical data
as the development of the quarry progresses. Sampling of blast-

Page 483



hole dust, face sampling, or even drilling holes to collect samples
as the faces progress, will all enable the detailed variations in the
deposit to be determined more accurately. This is very important
In ensuring that development of the reserves allows the stone
leaving the quarry to have the correct chemistry on a day by day
basis. Thisis an aspect of raw materials assessment which cannot
be undertaken during the exploration and initial assessment stages
due to the very close sampling required.

Crushing The choice of crusher is dependant upon the nature of
the stone. A jaw crusher may be the most suitable equipment for
a hard limestone, whereas a clayey material which would build up
on the jaws of such equipment may require a hammer mill. Very
wet raw materials could require an air swept crusher, possibly
requiring an oil-fired furnace to provide the heat.

Stone storage and blending The purpose of crushed stone storage
on a cement works is to provide a buffer stockpile to accommodate
any problems in production of the stone in the quarries, or in the
transport system to the works. If the stone has little chemical
variability, this storage facility could be simple and consist merely
of a stockpile from which the stone can be reclaimed. If there is
high variability in the quarry, or a number of grades of stone are
being used, the stockpile could take the form of a blending bed, the
complexity of which would again be determined by the variation of

the materials.

Milling Where raw materials consist of a mixture of rock types, the
components of which vary in specific gravity and grain size, the
nature of the mill lining will take into account the composition of the
materials. Should the nature of the stone change, it is possible that
the efficiency of the mill would be affected.

Raw meal homogenisation Just as with milling, the effectiveness
of a raw meal homogenisation system will be affected by the size
range of the particles leaving the milling system. This size
distribution will be largely controlled by the nature of the raw

materials used.

Kiln system Although vertical shaft kilns are used for the
manufacture of cement, the vast majority of cement works use
rotary kilns. Most modern works use a dry process which consists
of a rotary kiln preceded by heat exchangers, normally in the form
of ducting and cyclones, which pre-heat the kiln feed before it
enters the kiln. The main clinker forming reactions take place in
the kiln. Many modern kilns have a secondary burner, or pre-
calciner, between the heat exchangers and the kiln. All these
systems are highly fuel efficient and the waste gases, which leave
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the system by means of the stack, are at a low temperature. This
has the disadvantage of trapping all the volatile elements, from the
raw materials and the fuel, within the kiln system. Here they either
enter the clinker or form compounds which build up within the
components of the kiln system, causing it to operate inefficiently,
or even resulting in complete failure of the system. These volatile
compounds include alkalis, sulphur and chlorine.

Where raw materials contain such elements in excessive amounts,
it is often necessary to reduce the circulating load of volatiles in the
system by removing some of the circulating gases. Unfortunately,
when this is done heat is also lost. An increased fuel consumption

is inevitably the result of such a process.

The actual rate of clinker formation, the temperature required in the
kiln, and therefore the type of refractory lining required, is
determined by the nature of the raw materials. As indicated
previously, the amount of energy, in the form of heat, required to
combine pure silica with pure lime, is rather more than if the silica
was already in the form of a silicate in a clay mineral or a mica.

Cement milling The ease with which cement clinker can be milled
will be a function of its mineralogy. Although this will largely be
determined by the burning and cooling conditions of the clinker, the
raw materials will have had an influence on the final product.

The gypsum which is added to the clinker at the milling stage,
should be considered a raw material. As with all the other raw
materials, uniformity is essential. Variable quality gypsum could
result in an unacceptable variation in insoluble residue in the
cement, or could result in the presence of a variable amount of

anhydrite in the final cement.
The cement "Flash setting”, “false set” and “air setting” are all

caused by compounds such as alkalis and sulphates in the cement.
All of these will have come from the raw materials or the fuel.

The chemistry of cement raw materials

Cement consists mainly of minerals composed of calcium, silicon,
aluminium and iron. When quoted in terms of oxides, the quantities of

each are typically :

SiO. 18.0% to 24.0%
ALO, 4.0% to 8.0%
Fe.O, 15% to  45%
ca0 62.0% to 66.0%
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The quantity of cement which is required throughout the world dictates
that, in general, the only source which could supply the quantities of raw
materials required is the earth itself. Rocks have, therefore, to be located
which can supply calcium. silicon and the other elements in the required

proportions.

Of the materials necessary for cement production, a source of calcium is
the most important. Limestone, composed mainly of the mineral calcite,
CaCQ,, is the obvious choice for this primary material. Other sources of
lime have been used, ranging from the calcium carbonate-rich igneous
rock carbonatite, to sea-shells dredged from the floor of the ocean.

The second main requirement is silica. This could, of course, be supplied
using silica sand. However, as both alumina and ferric oxide are also
required, clay or shale are almost universally used since they can supply
all these requirements, often in approximately the correct ratio. Despite
this a range of rocks and other materials, including by-products of other
processes have been utilised from time to time.

It has been shown in the section on cement chemistry that, in order to
create the right minerals in the correct combination, the proportions of
silica, alumina, ferric oxide and lime must be absolutely correct. It is
unlikely that deposits of limestone and clay, found in close proximity to
each other, would achieve this chemical requirement. It 1s not unusual,
therefore, to require a small supply of other materials to adjust the final
chemistry of the feed to the cement kiln.

The level of silica in the mix can be adjusted with pure silica sand.
Correction of the iron content is often made with iron-rich laterite or waste
iron-slimes from other processes. Alumina can be adjusted with pure

bauxite.

It is pertinent to note here that, if the cement plant is coal fired, the ash
from the fuel will be incorporated in the cement clinker. This ash is
effectively another raw material, and due account must be taken account
of it when designing the chemistry of the raw materials fed to the cement
kiln. Rocks are natural materials, often formed in a complex manner.
They can, therefore, vary in composition, often over a very small distance.
On the other hand, Portland cement is a material with a fixed chemical
and mineralogical composition. Moreover, the plant constructed to
produce the cement clinker will be designed for one set of materials of a
given chemical composition and, once constructed, is relatively inflexible.
If a mixture of limestone, shale and other materials, even with the correct
chemical composition, is fed into a cement plant designed for a different
type of limestone and shale, the cement plant will fail to function correctly,
the required output will probably not be achieved, and the quality of the
product may well not be acceptable.
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A potential source of raw materials for a cement works cannot, therefore,
be considered to be a raw materials reserve, until it has been shown that
all the stone can be worked in such a manner that a continuously uniform
material can be supplied for the life of the cement works. The chemistry
of all materials which were used to design the cement manufacturing
process, must be available and remain constant, within relatively tight
limits, throughout the life of the cement works. A detailed knowledge, not
only of the chemistry of all the materials used in a cement works, but also
of the variation in those materials, is an essential pre-requisite for the
successful construction and operation of a modern cement plant. The
planned development of the quarries will be controlled by the chemistry of
the rocks. The aim will be to supply, on a continuous basis, stone whose
chemical variation is well within the blending and homogenisation
capabilities of the cement works.

As was indicated previously, ash from the coal when this is used as a fuel,
is a component of the raw materials. It is important that the chemical
nature of this ash, together with the percentage of ash in the coal, is
constant. It would not be unusual for a cement works to specify a specific
mine as its source of fuel, but also a specific seam within that mine.

As well as requiring a uniform chemistry, the raw materials fed to the
cement kiln should also have a uniform mineralogy. Chemical analyses
are notional and a stone composed of pure coarse-grained quartz, bauxite
and iron oxide, could have exactly the same chemical analysis as a clay
containing minute grains of silica. In the environment within a cement kiin
it would be considerably easier to combine the latter with limestone to form
cement clinker, than it would with the former. Under given kiln conditions
the silty clay could produce an excellent clinker, the sandy ferroginous
bauxite an extremely poor quality one. For efficient operation of a cement
kiln it is essential that the operating parameters remain constant. If the
mineralogy of the kiln feed varies, this can result in a very variable quality

clinker.

The chemistry of cement

Portland cement consists of a mixture of minerals, all of which are, to a
greater or lesser extent, hydraulic. This means that when mixed with
water, they form new minerals. In the case of cement these new minerals
form an interlocking mass which gives rigidity to the mixture. The most
important minerals in cement are calcium silicates. The chemical analysis
of cement is expressed in terms of oxides, for which the cement chemist
has developed his own shorthand :

lime CaO s referred to as C
silica SiO, s referred to as S
alumina AlLO, is referred to as A

F

ferric oxide Fe,0, is referred to as
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The most important silicate in cement is tri-calcium silicate, 3Ca0 SiO, or
C,S in the cement chemist's notation. The crystalline material as it occurs
in cement clinker normally contains impurities and is called alite. C,S
forms about 60% of Portland cement clinker and is responsible for much
of the strength of concrete up to 28 days. As this early strength of
concrete is often the basis for the comparison of cements, it is important
to maximise the alite content through the correct choice of raw materials
and process conditions.

The second compound is di-calcium silicate, 2Ca0.SiO,, known as belite
and abbreviated to C,S. It makes up about 15% of cement clinker. This
mineral hydrates more slowly than alite and is an important contributor to
the development of the strength of concrete after 28 days.

Less important from the point of view of strength deveiopment are tri-
calcium aluminate and tetra-calcium alumino-ferrite. The former mineral,
abbreviated to C,A, may contribute to the early strength of concrete.
Although only present in small amounts, about 10%, it is much more
reactive than the calcium silicates and has an important influence on the
early hydration reactions which determine the workability and setting
behaviour of concrete. The ferrite, C,AF, contributes little to the strength
of concrete, butis responsible for the characteristic grey colour of Portland

cement.

The minerals C,S, C,S, C,A and C,AF are the main components of the
cement clinker manufactured in the cement kiln. The cement powder
used to manufacture concrete and mortar is made by grinding together
this clinker with the mineral gypsum, CaS0O,.2H,0O. This mineral is added
to control rapid setting of the cement paste caused by the reactive C,A.
This it does by forming a coating of the mineral ettringite on the surface
of the grains of tri-calcium aluminate, which slows down the hydration of

this mineral.

Because C;S and C,S are the main strength producing minerals in
cement, the cement chemist will normally aim to produce a clinker with the
maximum practical amount of these minerals, and with as much as
possible being alite. This must, however, be undertaken at realistic
combination temperatures in the cement kiln. Chemical and practical
considerations have allowed a number of chemical control factors to be
developed which enable these conditions to be achieved. These factors
are silica ratio, alumina ratio and lime saturation factor.

Silica ratio (SR) this is defined as :

SO, or S [ref 68]
ALO; + Fe,O, A+ F

Since calcium in the kiln feed will react with silica to form silicates
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and with alumina and iron to form aluminates and ferrite, this factor
provides an indication of the total possible amount of calcium
silicates which can be formed in the process. The higher the silica
ratio. the higher the quantity of silicates. However, the chemical
reaction between silica and lime to form silicates will only take
place at very high temperature unless fluxes are present. Since
alumina and iron can provide this flux, some of these materials
must be present if the reactions are to take place at realistic
temperatures. The result of this required balance between silica
and the other oxides, is that the optimum silica ratio is about 2.5.

Alumina ratio (AR) this is defined as :

_ALO, or A [ref 68)
Fe,O, F

The relationship between alumina and iron gives an indication of
the characteristics of the molten flux which facilitates the formation
of the silicates. The optimum value of the alumina ratio is about
1.4. Above or below this figure the formation of silicates becomes

progressively more difficult.

Lime saturation factor (LSF) this is defined as :

[ref 68]

Ca0 or C
2.8 SiO, + 1.2 AL,O, + .65 Fe,O, 28S+12A+ 65F

The aim of the cement chemist is to maximise the content of
calcium silicates in the clinker, in particular the content of tri-
calcium silicate. This situation is achieved when the LSF has a
value of 1.0. The weightings applied to silica, alumina and iron are
derived from phase equilibrium studies. For convenience, the LSF
is sometimes multiplied by 100 and expressed as a percentage.

Since, in practice, complete and perfect combination never takes place in
the kiln, there are a number of other factors, based upon the LSF, which
can be used in the production of cement. For example, the lime
combination factor (LCF) reduces the quantity of lime used in the equation
by an amount equivalent to the free lime present in the clinker plus 0.7
times the sulphur content.

In addition to the main constituents of cement clinker, lime, silica, alumina
and ferric oxide, there are a number of other elements which can occur in
cement raw materials and can have a significant effect on the cement or

its production.

Magnesium oxide (MgO) This may react in a similar manner to
lime and can, therefore, augment the silicate content. Uncombined
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magnesium oxide, or periclase, can cause unsoundness in
concrete due to its high expansion when it eventually carbonates
in the set cement. For this reason the content of MgO in cement
is limited by national standards. In British Standard 12, for
example, the limit is 4%.

Alkali oxides (Na,O and K,O) In clinker they prefer to be present
as sulphates (Na,SO, and K,SO,). Not only does this effect the
cement by increasing early strength at the expense of later
strength, it can also resuit in build-ups in the kiln system which can
cause restrictions to air-flow and even blockages in the system.
Where insufficient sulphur is present to form sulphates, alkali
oxides can enter into the main components of the clinker. If the
alkalis enter the C,A, they can increase early reactivity and cause
workability problems in the cement paste.

Alkalis in cement can also react with reactive silica or silicates in
aggregate. This causes the production of a complex alkali silica
gel which can expand and crack the concrete.

Mangannic oxide (Mn,0;) This compound acts like ferric oxide
and can lower the effective alumina ratio if present in sufficient

quantity.

Titanium dioxide (TiO2) Although apparently having no effect on
the properties of cement, this compound, when present in sufficient
quantity, can act like both silica and alumina and may, therefore,
alter the effective AR and LSF.

Phosphorous pentoxide (P,0;) The effect of this material is
complex. It can be both slightly beneficial or harmful depending
upon the concentration. This is due to effect on the formation of
the correct phase of the hydraulic minerals, some of the phases
being less hydraulic than others.

Sulphur trioxide (SO,) This has already been mentioned in
connection with the alkali oxides. Due to the fact that sulphates
can be harmful to hardened concrete, as well as being related to
“flash setting” and workability problems, maximum levels are
specified in national standards. Since C,A is related to “flash
setting”, sulphur limits are related to the C,A content. It should be
remembered that the fuel used in the cement kiln can be a major
source of the sulphur in the clinker.

Insoluble residue (IR) Although the material in the cement which
is insoluble in dilute acid comes mainly from impurities in the added
gypsum, it can also arise from uncombined silica in the clinker. It
is limited by national standards to ensure the purity of the cement.
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Loss on ignition (LOI) This is mainly water and carbon dioxide
which are derived from the gypsum, the cement miiling process
and from the atmosphere during storage. It is limited by national
standards in order to protect the quality of the cement.

The strength development of concrete is not only dependant upon the
chemistry of the clinker and the formation of the correct proportions of the
relevant minerals, but also on the size and distribution of those minerals.
In order to set in a controlled and uniform manner, the different forms of
silicate and aluminate should be in the form of individual grains in the
cement. Inorder to carry out the milling of the clinker to form these grains
in a cost effective manner, the crystals in the clinker must not be too
small. If this was the case the cement would have to be ground to a very
small grain size to liberate individual crystals of silicate. This in turn would
probably enhance the reactivity of the cement. Control of the
crystallography of the clinker is, therefore, an important aspect of cement
manufacture. This is facilitated by the use of the correct raw materials, as
well as by careful control of the burning and cooling processes.

Source and many thanks to Dr David Jefferson [ref 68]
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GLOSSARY
Absorption Spectrometry or mass spectrometry

This is the analytical method in which ions or ionic fragments of an analyte
are separated based on mass-to-charge ratios. It is used to determine the
metallic elements in solution. It operates by the analyte solution being
aspirated into a flame which enables the atoms of the elements to absorb
radiation from a cathode lamp which is unique to each element measured.

Alluvial

Alluvials, refers to unconsolidated detritus such as clay, silt, sand and
gravel deposited by streams and rivers as sorted or semi-sorted sediment
in channetls and over flood plains and deltas. An alluvial deposit is a layer
of broken rocky matter, or sediment, formed from material that has been
carried in suspension by a river or stream and dropped as the velocity of
the current changes. Alluvial deposits can consist of a whole range of
particle sizes, from boulders down through cobbles, pebbles, gravel, sand,
silt, and clay. The raw materials are the rocks and soils of upland areas
that are loosened by erosion and washed away by mountain streams.
River plains and deltas are made entirely of alluvial deposits, but smaller
pockets can be found in the beds of upland torrents. River currents
produce a sorting action, with particles of heavy material deposited first
while lighter materials are washed downstream, this separation of
products is often used by prospectors to locate heavy minerals.

Anticline

An anticline is an arch-like fold in stratified rocks in which the layers or
beds bulge upwards to form an arch (seldom preserved intact) and where
the two limbs (or walls of the arch) dip away from each other. The fold of
an anticline may be undulating or steeply curved. A steplike bend in
otherwise gently dipping or horizontal beds is a monocline.

Apatite

The word comes from the Greek apate, meaning to deceive, probably
because the mineral can be found in almost any colour. It refers to any
member of a series of phosphate minerals and is the world's major source
of phosphorus. The chemical formula is Cas(POa4)3,(F,CI,OH) this mineral
often occurs in igneous rocks and pegmatites, also in hydrothermal veins
and as detrital deposits with copper sulphide. It has a hardness of 5 on
Moh'’s scale of hardness As much of the material found is clear, apatite
could be cut into an inexpensive gemstone, however, it is fragile and
difficult to cut and polish.
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Arenites

Arenaceous is Latin for sand like or sandy. The term is used to describe
a sedimentary rock that consists of cemented sand or sand-sized particles
(0.06-2 millimetres in diameter), irrespective of composition. More formal
nomenciature of such rocks is based on composition, particle size, and

mode of origin, e.g., sandstone, arkose, quartzite.

Argiliites

Argillaceous is French for clay like and Latin “lutaceous” for silt like. The
term is used to describe silty clay deposits or shales of sedimentary rock.
A compact rock composed largely of clay or clay minerals

Austenitic steel

Austenitic steels contain about 1.2 percent carbon and 12 percent
manganese. The latter element is a strong austenizer; that is, it keeps
steel austenitic at room temperature. Wear resistance is brought about by
the high work-hardening capabilities of these steels; this in turn is
generated during the pounding (i.e., deforming) of the surface, when a
large number of disturbances are created in the lattices of their crystals
that effectively block the flow of dislocations. In other words, the more
pounding the steel takes, the stronger it becomes. Manganese steels are
often called Hadfield steels, after their inventor, Robert Hadfield.

Biotite

The micaceous silicate biotite (mica), has a composition of,
K(Mg.Fe)s(AL, Fe)SizO10 (OH Fe)z. and often occurs in granites, gneisses,
schists and other rocks. It has a short tabular form a green to brown to
black colour, specific gravity of 2.5 to 3.0. It can vary from opaque to
translucent. This material is often found in southern Zambia.

Breccia

Limestone breccia (pronounced brekkia) is the name given to material
formed by the crushing of rocks along a fault zone. The fragments of rock
have become re-cemented by mineral matter deposited from percolating
solutions after movement from a fault has ceased. The infill between the
rock fragments is sometimes pure calcite. Sometimes the material has
been broken and “healed” many times.

Calcite

Calcite (calcium carbonate, CaCQOs) is a colourless, white, or
light-coloured common rock-forming mineral that rates 3 on the Mohs'
scale of hardness. After quartz, calcite is the most common mineral found
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in the earth's crust it occurs as massive or compact rocks (limestones).
Calcite originates in many ways, it occurs in magmatic, sedimentary and
metamorphic rocks and is also formed secondarily by the decomposition
of minerals rich in calcium. Secondary limestone (calcite) has often been
deposited on sea beds due to the activity of living organisms.

Calcium

This is a useful element, the human body is two percent calcium. With a
symbol of (Ca), the chemical element calcium is one of the alkaline-earth
metals of main Group lla of the periodic table. Calcium does not occur
naturally in the free state, but compounds of the element are widely
distributed, constituting 3.64 percent of the Earth's crust. Calcium is found
in many other minerals, such as fluorite, aragonite, and gypsum, and in
many feldspars and zeolites. Calcium is a silver-white chemical element
that is a metal of the alkaline-earth group, lightweight metal (slightly
heavier than water) itself was first isolated in 1808 by Sir Humphry Davy
after distilling mercury from an amalgam formed by electrolyzing a mixture
of lime and mercuric oxide. His discovery showed lime to be an oxide of

calcium.

Formerly produced by electrolysis of anhydrous calcium chloride, pure
calcium metal is now made commercially by heating lime with aluminum.
Naturally occurring calcium consists of a mixture of six isotopes: calcium-
40 (96.94 percent), calcium-44 (2.09 percent), calcium-42 (0.65 percent),
and smaller proportions of calcium-48, calcium-43, and caicium-46. The
metal reacts slowly with oxygen, water vapour, and nitrogen of the air to
form a yellow coating of the oxide, hydroxide, and nitride. It burns in air or
pure oxygen with a brick red flame, producing a white smoke. The smoke
consists of fine particles of calcium oxide CaO). It reacts rapidly with warm
water and more slowly with cold water to produce hydrogen.

Its principal compounds are;

> calcium oxide, also known as lime, or quicklime, CaO, is a white or
grayish white solid produced in large quantities by roasting calcium
carbonate so as to drive off carbon dioxide. Lime, one of the oldest
products of chemical reaction known, is used extensively as a
building material and as a fertilizer. Large quantities of lime are
utilized in various industrial neutralization reactions. When mixed
with water, calcium oxide swells and crumbles into a fine flocculent
powder which is calcium hydroxide or slaked lime.

> calcium suifate, CaSQ,, is a naturally occurring calcium salt. It is
commonly known in its dihydrate form, CaSO ,2H,0, a white or
colourless powder called gypsum. When gypsum is gently heated
to below 100 degrees C and loses three-quarters of its water, it
becomes the hemi-hydrate Ca SO,1/2H,0, Plaster of Paris. If
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mixed with water, plaster of Paris can be moulded into shapes
before it hardens to a coherent solid by re-crystallizing to dihydrate
form. Calcium sulfate may occur in groundwater, causing hardness
that cannot be removed by boiling.

calcium phosphate occurs abundantly in nature in several forms.
For example, the tribasic variety (precipitated calcium phosphate),
Cay(P0O,)., is the principal inorganic constituent of bones and bone
ash. The acid sait Ca(H.PO,).. produced by treating mineral
phosphates with sulfuric acid, is employed as a plant food and
stabilizer for plastics.

calcium hypochlorite, Ca(CIO.) is widely used as bleaching powder
and is produced by the action of chlorine on calcium hydroxide.
The hydride CaH., formed by the direct action of the elements,
liberates hydrogen when treated with water.

calcium nitrate (Ca(NQz)> H>O- a nitrogenous fertilizer that is often
used to make illegal explosives. Calcium nitrate was once common
as an efflorescence on the walls of stables; it 1s now manufactured
from atmospheric nitrogen. Its chief applications are as a manure
and in the nitric acid industry.

calcium chloride, (CaCl.) a colourless or white solid produced In
large quantities either as a by-product of the manufacture of
sodium carbonate by the Solvay process or by the action of
hydrochloric acid on calcium carbonate The anhydrous solid i1s
used as a drying agent.

calcium carbide (CaC:) - Also known as carbide, or calcium
acetylide, this grayish black solid decomposes in water, forming
flammable ethyne or acetylene gas and calcium hydroxide

calcium hydroxide, also called slaked lime Ca(OH)., 1s obtained by
the action of water on calcium oxide When mixed with water, a
small proportion of it dissolves, forming a solution known as
limewater, the rest remaining as a suspension called milk of ime
Calcium hydroxide is used as a cheap alkali in many industrial
processes and as a constituent of mortars, plasters, and cement
it is also used to reduce soil acidity.

calcium carbonate (CaCO:) - Calcium carbonate (calcite) obtained
from its natural sources is used as a filler in a vanety of products.
such as ceramics and glass, and as a starting matenal for the
production of calcium oxide Synthetic calcium carbonate. called
"precipitated” caicium carbonate, is employed when high punty is
required, as in medicine (antacid and dietary calcium supplement),
in food (baking powder), and for laboratory purposes It occurs in
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limestone, chalk, marble, dolomite, eggshells, pearls, coral,
stalactites, stalagmites, and the shells of many marine animals.

> calcium cyanamide (CaCN2z), made from calcium carbide, it is the
basis of many pharmaceuticals, fertilizers, and plastics, including
melamine.

> calcium cyanide Ca(CN)2

The chemical symbol of calcium is Ca and its chemical details are;

atomic number 20, atomic weight 40.08 |, melting point 842 C, boiling
point 1,494 C specific gravity 1.55 (at 20 C), valence 2, electronic
configuration or structure. 2-8-8-2 or 15°25°2p°3s°3p®4s’ . Upon giving up
its outer electrons the calcium atom changes into the dipositive ion Ca+++
and calcium is dipositive in all its compounds.

Carbonatites

These are igneous rocks that consist largely of the carbonate minerals
calcite and dolomite; they sometimes also contain the rare-earth ore
minerals bastnaesite, parisite, and monazite, the niobium ore mineral
pyrochlore, and copper sulfide ore minerals. The origin of carbonatite
magma is obscure. Most carbonatites occur close to intrusions of alkaline
igneous rocks (those rich in potassium or sodium relative to their silica
contents) or to the ultramafic igneous rocks (rocks with silica contents
below approximately 50 percent by weight) known as kimberlites and
lamproites.

Carboniferous

The Carboniferous Period of geologic time, fifth of six Paleozoic periods,
spanned an interval of about 60 million years, succeeding the Devonian,
which ended about 340 million years ago, and preceding the Permian,
which began about 280 million years ago.

The period was first defined by stratigraphers W. D. Conybeare and
William Phillips in 1822 in a report on the geology of England and Wales.
The term Carboniferous was coined in the early years of the Industrial
Revolution, when the increasing use of the carbon mineral coal prompted
greater interest in coal mining and coal resources found in the rocks of
this period (see coal and coal mining).

These rocks are also an important source of ceramic clay minerals,
natural gas, ore deposits, petroleum and rock products. The lower division
of the Carboniferous, generally consisting of marine sedimentary rocks
such as limestone and shale, contains more oil and less coal, whereas the
Upper Carboniferous has long been recognized as the Earth's main
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coal-bearing rock sequence. Industrialization first successfully proceeded
in regions near ready supplies of high-rank Carboniferous coal.

Chalcopyrite

Chalcopyrite, is a brassy-yellow mineral consisting of copper-iron sulphide,
CuFeS2, the most common ore of copper. It usually has a bright
iridescent surface tarnish. It occurs in many different types of minerai vein,
in rocks ranging from basait to limestone and is commonly found in the
quarries described in the main text.

Chlorites

From the Latin chloritis meaning green stone. Chiorites are aluminium
silicates with ferrous iron, magnesium and water, it is any of a group of
usually green minerals associated with and resembling mica.

Conductivity

Conductivity is used by hydrologists and others to measure the purity of
water. High purity, di-ionized water will have a conductance of 1.0 uS or
less at room temperature. It is a direct measurement of the concentration
of soluble salts in solution. Pollution will cause the conductivity to rise,
common readings for drinking water are between 50 to 1,500 pS
(microSiemens).

Density

Density varies significantly among different rock types because of
differences in mineralogy and porosity. Knowledge of the distribution of
underground rock densities can assist in interpreting subsurface geologic
structure and rock type.

In strict usage, density is defined as the mass of a substance per unit
volume; however, in common usage, it is taken to be the weight in air of
a unit volume of a sample at a specific temperature. Weight is the force
that gravitation exerts on a body (and thus varies with location), whereas
mass (a measure of the matter in a body) is a fundamental property and
is constant regardless of location. In routine density measurements of
rocks, the sample weights are considered to be equivalent to their
masses, because the discrepancy between weight and mass would result
in less error on the computed density than the experimental errors
introduced in the measurement of volume. Thus, density is often
determined using weight rather than mass. Density should properly be
reported in kilograms per cubic metre (kg/m3), but is still often given in
grams per cubic centimetre (g/cm?®). Another property closely related to
density is specific gravity. It is defined, as noted above, as the ratio of the
weight or mass in air of a unit volume of material at a stated temperature
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to the weight or mass in air of a unit volume of distilled water at the same
temperature. Specific gravity is dimensionless (i.e., has no units). The bulk
density of a rock is where the weight of grains (sedimentary rocks) or
crystals (igneous and metamorphic rocks) and natural cements, if any,
and is the total volume of the grains or crystatls plus the void (pore) space.
The density can be dry if the pore space is empty, or it can be saturated
if the pores are filled with fluid (e.g., water), which is more typical of the
subsurface (in situ) situation. Density measurements for a given specimen
involve the determination of any two of the following quantities: pore
volume, bulk volume, or grain volume, along with the weight.

Diagenesis

The processes, by which changes in a sediment are brought about after
its deposition but before its final conversion to rock. Because most
sediments contain mineral mixtures in which not all the minerals are in
chemical equilibrium with each other, changes in interstitial water
composition or changes in temperature or both will usually lead to
chemical alteration of one or more of the minerals present. Diagenesis is
considered a relatively low-pressure, low-temperature alteration process.

Dip

Dip refers to; the inclination of the stratum to the horizontal. Scarp and dip,
the two slopes formed when a sedimentary bed outcrops as a landscape
feature. The scarp is the slope that cuts across the bedding plane; the dip
is the opposite slope which follows the bedding plane. The scarp is usually
steep, while the dip is a gentle slope.

Dolomite

The name originates from the French geologist Deodat de Dolomieu born
in 1801. The composition of dolomite is the double carbonate
MgCO3.CaCOsg, it is a type of limestone rock where the calcite content is
either partly or wholly replaced by the white mineral dolomite, which has
a rhombohedral structure and consists of a calcium magnesium
carbonate. Dolomite rock may be white, grey, brown, or reddish in colour,
it is commonly crystalline. Dolomite is a very common mineral and rock.
It is very similar to calcite. It occurs as a mineral in hydrothermal ore veins
and originates by the deposition of shells of tiny sea animals in oceans,
and particularly by the metasomatic replacement of non cemented
limestones affected by the action of sea water. The region of the Alps
known as the Dolomites is an example of dolomite formation.

Dyke

Dykes are usually minor intrusions of igneous rocks, that is, small bodies
of igneous rock created by the intrusion of magma (molten rock) across
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layers of pre-existing rock. They are often wall-like masses. steep or
vertical, with approximately parallel sides and commonly have a fine to
medium-grained texture. A fine-grained chilled margin is often formed by
the rapid cooling of the igneous body at its contact with the country rock.

Many of these are found intruding into the limestone at Changalume.

Evaporation

Evaporation is influenced by air temperature, windspeed and relative
humidity, In general, evaporation increases with raising temperatures and
windspeeds and decreases with high humidity The rate of evaporation,
is proportional to the difference between the pressure of the water vapour
in the free air and the vapour that is next to, and saturated by, the
evaporating liquid. If the liquid and air have the same temperature,
evaporation is proportional to the saturation deficit. It is also proportional
to the conductivity of the medium between the evaporator and the free air.

Evaporites

Evaporites are layered crystalline sedimentary rocks that form from brines
generated in areas where the amount of water lost by evaporation
exceeds the total amount of water from rainfall and influx via rivers and
streams. The mineralogy of evaporite rocks is complex, with almost 100
varieties possible, but less than a dozen species are volumetrically
important. Minerals in evaporite rocks include carbonates (especially
calcite, dolomite, magnesite, and aragonite), sulfates (anhydrite and
gypsum), and chlorides (particularly halite, sylvite, and carnallite), as well
as various borates, silicates, nitrates, and sulfocarbonates. Evaporite
deposits occur in both marine and nonmarine sedimentary successions.

Though restricted in area, modern evaporites contribute to genetic models
for explaining ancient evaporite deposits. Modern evaporites are limited
to arid regions (those of high temperature and low rates of precipitation),
for example, on the floors of semidry ephemeral playa lakes in the Great
Basin of Nevada and California, across the coastal salt flats (sabkhas) of
the Middle East, and in salt pans, estuaries, and lagoons around the Gulf

of Suez.

Ancient evaporates occur widely in the Phanerozoic geologic record,
particularly in those of Cambrian (from 570 to 505 million years ago),
Permian (from 286 to 245 million years ago), and Triassic (from 245 to
208 million years ago) age, but are rare in sedimentary sequences of
Precambrian age. They tend to be closely associated with shallow marine
shelf carbonates and fine (typically rich in iron oxide) mudrocks. Because
evaporite sedimentation requires a specific climate and basin setting, their
presence in time and space clearly constrains inferences of
paleoclimatology and paleogeography. Evaporite beds tend to concentrate
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and facilitate major thrust fault horizons, so their presence is of particular
interest to structural geologists. Evaporites also have economic
significance as a source of salts and fertilizer.

All evaporite deposits result from the precipitation of brines generated by
evaporation. Laboratory experiments can accurately trace the evolution
of brines as various evaporite minerals crystallize. Normal seawater has
a salinity of 3.5 percent (or 35,000 parts per million), with the most
important dissolved constituents being sodium and chiorine. When
seawater volume is reduced to one-fifth of the original, evaporite
precipitation commences in an orderly fashion, with the more insoluble
components (gypsum and anhydrite) forming first. When the solution
reaches one-tenth the volume of the original, more soluble minerals like
sylvite and halite form.

Natural evaporite sequences show vertical changes in mineralogy that
crudely correspond to the orderly appearance of mineralogy as a function

of solubility but are less systematic.
Source Encyclopaedia Britannica

Facies

The concept of Facies was developed by Eskola to assist in linking
metamorphic rocks to their origins. He proposed eight facies which were
originally based on fieldwork conducted in an area of metamorphosed

igneous rocks, hence the following names;

Greenschist, amphibolite, albite-epidote, pyroxene hornfels, sanidinite,
granulite, glaucophane, eclogite. At any given time different kinds of
deposits may be formed in different environments. Examination of a
particular stratum or sediment yields information about the materials
composing it, their texture and other characters. These features are
known as its facies. A metamorphic facies, is an assemblage of rocks
formed under similar conditions of temperature and pressure. It is
assumed that mineralogical variations within a facies are due to variations
in bulk chemical variations of the parent.

Footwall

In a normal fault the term footwall is used to describe the lower underlying
wall of a mineral vein, ore deposit, or coal seam in a mine, in a reverse
fault, the footwall will be lower than the side lifted.

Gas Chromatography

Gas chromatography allows the separation, identification and
determination of a number of volatile organic and other materials.
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Geological Timescale

GEOLOGICAL TIMESCALE

Millions of years

PERIOD

CENOZOIC QUATERNARY Holocene
Means age of Pleistocene 16
recent life
Pliocene 5.3
—— s
TERTIARY Miocene 7.0
Oligocene 57.8
Eocene 66.4
Paleocene 75.0

MESOZOIC Cretaceous

Means age of Jurassic 208.0

middle life

Triassic

Permian

PALEOZOIC

Means age of Carboniferous upper 325.0
ancient life

Carboniferous lower 360.0

Devonian 408.0

Silurian 4400

Ordovician

Cambrian

Gneiss

Gneiss is a coarse grained metamorphic rock with constituents similar to
granite but having a foliated, laminated or banded structure consisting of
bands of micas and amphiboles with granular bands of quartz and feldspar
laying parallel to each other. It is formed under conditions of increasing
temperature and pressure, and often occurring in association with schists
and granites. Gneisses are formed during regional metamorphism;
paragneisses are derived from sedimentary rocks and orthogneisses from

igneous rocks.

Graben

Is German for ditch and is the segment of land that has dropped down to
form the floor of a rift valley.

Granite

Formed from slowly cooling, silica rich magma, granite is a generic term
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given to a family of igneous rocks. A hard coarse grained intrusive rock
consisting of quartz, alkali feldspar, plagioclase and mica. Colours may
range from red to pink, green to blue and black to grey, depending on the
composition of the feldspar. Average density is 2.5 to 2.8.

Graphite

Graphite is a pure carbon (C) and is a very common mineral, most
graphite originates by the metamorphism of carbonaceous material of
sedimentary origin. Graphite is commonly found in the limestone of
Chilanga RP3 quarry.

Greywacke

Is a dark coloured, poorly graded, argillaceous sandstone composed of
sand-sized grains (0.063-2 mm) with a fine-grained clay matrix. The sand-
sized grains are frequently composed of rock fragments of wide-ranging
mineralogies (e.g., those consisting of pyroxenes, amphiboles, feldspars,
and quartz). The grains are angular and poorly sorted with many minerals
retaining growth forms that resulted from low abrasion. The matrix, which
contains appreciable amounts of clay minerals, may constitute up to 50
percent of the volume. Of the clay minerals, chlorite and biotite are more
abundant than muscovite and illite; kaolinite is absent. The abundant
matrix tends to bind the grains strongly and form a relatively hard rock

Gritstone

Gritstone is a rock composed of quartz grains cemented together by silica.

Gypsum

Gypsum is the most common sulifate mineral. A hydrated calcium sulfate,
it serves as a raw material in plaster of Paris and is also used as fertilizer.
Alabaster, a massive, fine-grained form, and satin spar, a fibrous form
with a silky luster, are employed as ornamental stone. A transparent,
variety called selenite is used as optical material. Gypsum occurs with
halite and other evaporite minerals in thick, extensive beds that were
deposited from seas or lakes. The mineral is soft (hardness 2), clear,
white, or tinted. It has a relative density of 2.3 and perfect:cleavage in one

direction.
Hanging wall

This term is used to describe the side of a normal fault which has dropped
relative to the footwall. In a reverse fault the term is used to describe the
side that has risen relative to the footwall.

Page 503



Haematite

Ferric oxide is a red or black chemical compound, Fe203 , composed of
iron and oxygen that is found in nature as haematite. It is the most
important ore of iron. It occurs as an accessory mineral in igneous rocks
and hydrothermal veins, and in sedimentary rocks where it may be of
primary origin. It often occurs as a secondary mineral, being precipitated
from iron bearing water.

Horneblende

Hornblende Caz(Mg,Fe)+Al(Si7Al)O22(OH, F)2 is a member of the silicates
group, it is found in igneous rocks and the metamorphic rock amphibolite.
It has a hardness of 5 to 6 on Moh's scale of hardness, has a specific
gravity of approximately 3.5, is found from green to brown to black.

Horste

From the German language and describes a block of the earth's crust on
either side of a rift valley or between two parallel faults that have caused
it to be separated from and raised above the adjacent land. The area each

side of a Graben.
Humidity

Absolute humidity is the weight of Relativity and dew point
water in grammes that is present in
a cubic metre of air at a given
temperature. The higher the
temperature, the greater the amount
of water which can be held in the
air. However, for any temperature
there is a maximum amount of
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temperature. The interface in the | ([ Unsaturated air

graph line also represents the dew

point, whereby if a body of
saturated air is cooled the water will condense, this is the dew point.

Karst Landscape

Karst (from German language) landscape is characterized by often
remarkable surface and underground forms, created as a result of the
action of water on permeable limestone. The feature takes its name from
the Karst region on the Adriatic coast in Slovenia and Croatia and has
given the name of Karst topography to landforms which are characteristic
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of chemically weathered limestone, but the name is applied to landscapes
throughout the world.

Lamprophyre

Lamprophyre is a medium to coarse grained rock, homogeneous with a
green, blue or black colour.

Lateritic soil

The term laterite is from the Latin “later” meaning brick. Lateritic soils
develop by weathering and being leached in a tropical climate. They are
often rich in oxides of aluminium and iron. Originally the term was used to
describe a material which upon drying would irreversibly-harden, the term
is now used to describe many other types of soil that contain hard bands

and nodules.

Limonite

Limonite is a generic term for mixed oxides or hydroxides of iron, these
are usually weathered rock and of a yellow colour.

Lithology

Lithology refers to the character of rock expressed in terms of its mineral
composition, structure, grain size and arrangement of its component parts.

Mercalli Scale
MERCALLI SCALE
Scale Intensity Acceleration Effects
cm/sec/sec
| None Less than one cm Measured on instruments only.
] Very feeble Over one cm Can just be felt
i Feeble Over 2.5 cm Often felt.
v Moderate Over 5.0 cm Rattles windows.
\% Fairly strong Over 10.0 cm Can crack plaster.
Vi Strong Over 25 cm Slight damage to buildings
Vil Very strong Over 50 cm Damage to weak buildings
Vil Destructive Over 100 cm Damage to average buildings.
IX Ruinous Over 250 cm Damage to strong buildings.
X Disastrous Over 500 cm Buildings destroyed and ground cracked.
Xl Very disastrous Over 750 cm Few structures remain standing
Xl Catastrophic Over 980 cm Total destruction and waves in ground surface,
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The Mercalli scale is named after the Italian seismologist Giuseppe
Mercalli (1850-1914), it is used to measure the subjective value of the

intensity of an earthquake.

Metamorphism

The term was coined in 1833 by Scottish geologist Charles Lyell
(1797-1875). The term is derived from the Greek “meta” signifying a
change and “morph” meaning shape. Metamorphism is the term used to
denote rocks altered in structure and composition by pressure, heat, or
chemically active fluids after original formation and the transformation of
rocks into new types by the re-crystallization of their constituents. The
original rocks may have been sedimentary, igneous or ones that have
already been metamorphosed. Changes in the rock occur from heat and
pressure. These two influences need to express sufficient energy to
mobilise the constituent minerals and reassemble them as new minerals.

There are two main types of metamorphism.

> Thermal metamorphism, or contact metamorphism, is brought
about by the baking of solid rocks in the vicinity of an igneous
intrusion (molten rock, or magma, in a crack in the Earth's crust).
It is responsible, for example, for the conversion of limestone to

marble.

> Regional metamorphism results from the heat and intense
pressures associated with the movements and collision of tectonic
plates.

Metasediment

Metasediment refers to the changing of the structure of sediments by heat
and pressure.

Monzonite

Monzonite is an intrusive igneous rock that contains abundant and
approximately equal amounts of plagioclase and potash feldspar; it also
contains subordinate amounts of biotite and hornblende, and sometimes
minor quantities of ortho-pyroxene. Quartz, nepheline, and olivine, which
are occasionally present, produce quartz, nepheline, and olivene
monzonites. Monzonite is not a rare rock type, but it generally occurs in
rather small, heterogeneous masses associated with (and perhaps

gradational to) diorites, pyroxenites, or gabbros.

Muscovite

Muscovite is one of the commonest of the micas. It was named after the
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city of Moscow. The composition of this micaceous mineral is,
KA3,Si3,010,(OH2). It occurs as the main constituent of many rocks and
pegmatites, arises by the metamorphosis of mica rocks into mica schists
and gneisses, and is a secondary mineral resulting from the alteration of

many silicates.

Nobel

Alfred Bernhard Nobel was bornon . Oct. 21, 1833, in Stockholm, Sweden
and lived untit Dec. 10, 1896, in San Remo, ltaly),a talented chemist and
engineer who has been identified as the true “father” of high explosives,
for without his work, the world would have had to wait many years before
explosives became safe to use. Nobel invented dynamite in 1867,
gelignite in 1875, and ballistite, a smokeless gunpowder, in 1887. In 1863
he developed a mercury fulminate detonator for use with his explosives.

He founded the Nobel Prizes.

PH

pH is a negative logarithmic representation of the concentration of
hydrogen ions in solution. For example, a solution of pH 5 is ten times
more acidic than one at pH 6. A solution at pH 9 is ten times more alkaline
than a solution at pH 8. The scale of measurement is from 1 to 14, with
values of 1 to 7 being acidic and 7 to 14 being alkaline,7 being neutral.

Phearitic line

Taken to mean ground water or the ground water zone, the phearitic
contour is the sub surface level of the ground water zone. The contact
between the groundwater zone (phreatic zone) and the overlying
unsaturated zone (vadose zone) is called the ground water table.

Phlogopite

The mica group silicate phlogopite, has a composition of,
KMgs,AlSiz,O10,(OH)2. This mineral occurs in contact metamorphic
limestones and ultra-basic igneous rocks.

Plagioclase

Plagioclase is a group of aluminium silicates with calcium and sodium. It
is a member of the feldspar family of rocks.

Pyroxene

The silicate minerals of the pyroxene group form many of the earths rock.
They are found in basalts and metamorphic rocks. They form a large

percentage of the earths mantle.
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Quartz

Quartz consists of silica and oxygen, it is the crystalline form of silica
(SiOz2). Silicon constitutes 27.7% of the earth's crust and is the second
most abundant element after oxygen. Quartz is an important rock-forming
mineral and is found in many forms and types of rock, including sandstone
and granite, it ranks 7 on the Mohs' scale of hardness and is resistant to
chemical or mechanical breakdown. Crystals of pure quartz are coarse,
colourless, transparent, show no cleavage, and fracture unevenly; this
form is usually called rock crystal. Impure coloured varieties, often used
as gemstones, include agate, citrine quartz, and amethyst . Quartz is
also used as a general name for the cryptocrystalline and noncrystalline
varieties of silica, such as chalcedony, chert, and opal.

Quartzite

Quartzite is converted from the siliceous rock sandstone by
metamorphism, by which the original quartz grains are re-crystallised as
an interlocking mosaic of quartz crystals cemented together by silica.

Richter Scale

The Richter scale is named after US seismologist Charles Richter, it is
based on the measurement of seismic waves and used to determine the
magnitude of an earthquake at its epicentre. The scale is logarithmic,
hence an rise by one unit corresponds to a ten-fold increase in the size of
the wave and a thirty-fold increase in energy over the previous point. An
earthquake's magnitude is a function of the total amount of energy

released,

RICHTER SCALE
——
Magnitude Effects
25 Recorded but generally not felt
45 Local damage
6.0 Destructive
7.0 Serious damage
8.0 Great destruction

Rutile

Rutile, TiO2, is also known as titanium dioxide, it is found as an accessory
mineral in igneous rocks and in gneiss, mica schist, granular limestone

and dolomite.
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Schist

Schists are crystalline metamorphic rock of medium texture. Different
varieties of schists have been formed from sedimentary or igneous rocks
by metamorphism. The name schist is derived from the Greek schistos
meaning divided. This refers to the plate like quality of the rock.

Seismology

Seismology is the study of earthquakes and how their shock waves travel
through the Earth. On a smaller scale artificially induced, generated by
explosions or mechanical vibrators, can be used to search for subsurface

features.

Sphene

A black or brown mineral, CaTiSiOs, that is a silicate of calcium and
titanium, it often contains varying amounts of other chemical elements
(e.g. manganese and iron). This mineral often occurs as an accessory
mineral in igneous rocks; in schists, gneisses and iron ore; and as a
detrital mineral in sedimentary deposits.

Strike

Striking refers to; the direction of a horizontal line in the plane of an
inclined stratum, joint or other structural plane

Stoichiometry

In chemistry stoichiometry is the determination of the proportions in which
elements or compounds react with one another. The rules followed in the
determination of stoichiometric relationships are based on the laws of
conservation of mass and energy and the law of combining weights or

volumes.
Strontianite

Strontianite is a carbonate mineral, strontium carbonate (SrCQO,), that is
the original and principai source of strontium. It occurs in white masses of
radiating fibres, although pale green, yellow, or gray colours are also
known. Strontianite forms soft, brittle crystals that are commonly
associated with barite, celestite, and calcite in low-temperature veins.

Syenite

Syenite is a coarse-grained igneous rock that is composed chiefly of the
mineral feldspar. It is named after Syene an ancient city in Egypt.
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Syncline

Geological term for a fold in the rocks of the Earth's crust in which the
layers or beds dip inwards, thus forming a trough or inverted arch of
stratified or layered rock in which the beds dip towards each other from
either side. Vening Meinesz (1887 to 1966) proposed that synclines were
the result of a downward buckling of the crust causing light sediments to
fill the resulting depressions. This is the origin of the concept of the
syncline.

Synform

A synform, is a fold in which the limbs (or walls of the arch) dip towards
one another.

Tectonic

The expression tectonic originates from the Greek language tector
meaning builder. It relates to earth plate movement. Tectonics embraces
as its chief working principle the concept of plate tectonics, a theory that
was formulated in the late 1960s by American, Canadian, and British
geophysicists to broaden and synthesize the notion of continental drift and

the sea floor spreading hypothesis.
Tillite

Tillite is a term often used to describe rock deposited from contact with a
glacier. It is usually from the Pleistocene era. Analysis would typically

show clay, sand, gravel and boulders.

Toes

The rock left unbroken at the foot of a quarry face after a blast.

Trapezoidal rule

In modern terms, the method of exhaustion applied to surfaces, for
example, may be stated as follows: if S is a surface of unknown area s,
then one may choose another surface of known area s' contained in S,
and yet another surface S" of known area s" containing S, thus s'< s < s".
The approximating surfaces S' and S" are polygons or sums of slices,
mainly trapezoidal or rectangular, selected by Eudoxus and by
Archimedes according to the particular figure S. In fact, sums of
rectangular slices (the areas of which are particularly simple to compute)
were to become predominant from the 16th century AD on. To complete
the proof, Archimedes used the following proposition: if a known area a is
such that for every positive there exist surfaces S'and S" with s' < g < g"
and s" - s', then s = a. Archimedes did not isolate this proposition. He
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proved it, in concrete geometric terms for every particular figure that he
considered, by a double reductio ad absurdum (double, because negative
numbers were not available to him): If s < a, then < a - s is taken; but, if
s > a, then the choice < s - a is made. In either case, a contradiction is
reached, so that s = a. The method does not specify how the value of a
is to be found. (Source Encyclopaedia Britannica)

Tremolite

A member of the silicate amphiboles group, tremolite, has a composition
of, Caz,Mgs, Sis,022(OH)2. This material occurs in contact and regionally
metamorphosed dolomites or low grade basic igneous rocks.

Turbidity

Turbidity refers to cloudiness caused by very small particles of silt, clay,
or organic such as algae or micro-organisms and other substances
suspended in water. Even a slight degree of turbidity in drinking water is
objectionable to most people. Turbidity is also an evaluation of the optical
clarity of water and is measured by light scatter (nephelometry) using the
properties of the suspended matter to scatter light directed into the water.
High levels of turbidity will cloud the water and the particles will provide
sites for occupation by bacteria. Turbidity also interferes with disinfection
by creating a possible shield for pathogenic organisms. Groundwater
normally has very low turbidity owing to the natural filtration that occurs as
it percolates through the soil. Surface waters, though, are often high in

turbidity.
Unconformities

In many places, one series of rocks is seen to lie upon an older series with
a surface of separation between them. Junctions of this kind are called
unconformities. The older strata were originally deposited in horizontal
layers but often they are now seen to be tilted and covered by beds that
lie across them. The upper beds are said to be unconformable on the
lower. There is often a discordance in dip between the younger and older
strata. Unconformity represents an interval of time when deposition
ceased and some denudation took place.

Velocity
> Velocity

The speed of movement in a given direction, given as distance
traversed per unit time, usually in metres per second.

> Velocity of detonation
The speed at which the chemical reaction of an explosive travels

through the explosive from the point of detonation.
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> Velocity (speed) of sound
Sound is transmitted through media with velocities depending on
the density and elasticity of the substance. Sound has a velocity of
about 0.33 km per second (0.2 mile per second) in air, 1.5 km per
second in water, and 5 km per second in steel. All sound waves
travel with the same speed in air regardless of their frequency.

> Seismic wave velocity (general)
Primary seismic waves give rock particles a back-and-forth motion
along the path of propagation, thus stretching or compressing the
rock as the wave passes any one point. The velocity of a wave is
equal to the product of its wavelength and frequency (number of
vibrations per second) and is independent of its intensity.

Water
Contaminants and Conditions
Alkalinity Measure of level of dissolved alkaline substances eg, bicarbonates
Aluminium Aluminium sulphate used in water treatment, salts occur naturally and high levels can be toxic.
Ammonia Occurs when nitrogen products (including ANFO) breakdown. Toxic to all aquatic life.
Boron Found in calcium or sodium borate, can be present in industrial effluent. Toxic to crops.
Bromine A powerful disinfectant used in water treatment plants.
Chlorine Chilerine is used for the disinfection of drinking water in water treatment.
Chiorine High levels of chlorine are used to sterilise water in distribution systems.
Copper Occurs naturally in water and may cause discolouration and an astringent taste. Also used as an algicide
by boat owners.
Cyanuric acid Used as chlorine stabiliser.
Fluoride Naturally occurring, but more often introduced to water to prevent tooth decay.

Hydrogen | Used at low levels in water treatment processes. High levels are used in the paper making and bleaching
peroxide industries.

Iron Widely found in natural water. Affects the taste of water and causes staining. Often found contaminating
water from waste and tailings dumps.

Magnesium Salts contribute to the hardness of water.

Manganese Found naturally and causes staining similar to iron.
Molybdate Used as a corrosion inhibitor in industrial water treatment
Nitrate An intermediate product in the nitrogen cycle, mostly found from the breakdown of fertilizers vegetation

and oxidation of nitrogen products. Reduces oxygen and harmful to fish. The World Health Organisation
gives an acceptable limit of 50 milligrams per litre.

Ozone Is used in water treatment plants.

Phosphate Used in fertilizers, detergents and foods, high levels are used to treat water in industry. Not directly harmful
but associated with eutrophication of lakes and rivers.

Potassium High levels can be an indication of brackish water.

Silica Colloidal and soluble silicates are common.

Sulphate Found naturally especially in hot springs. Present in many effluents. Toxic to fish

Zinc Used to inhibit corrosion in industrial water systems.
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No water is naturally pure since it contains a variety of materials, either
dissolved or in solution, as well as micro-organisms. The chart below

details some of the poliutants.

Waves

Poisson, Cauchy, and George G. Stokes showed that the equations of the
general theory of elasticity predicted the existence of two types of elastic
deformation waves which could propagate through isotropic elastic solids.
These are called body waves. In the faster type, calied longitudinal,
dilational, or irrotational waves, the particle motion is in the same direction
as that of wave propagation; in the slower type, called transverse, shear,
or rotational waves, it is perpendicular to the propagation direction. No
analogue of the shear wave exists for propagation through a fluid medium,
and that fact led seismologists in the early 1900s to understand that the
Earth has a liquid core (at the centre of which there is due to gravity, a

solid inner core).

Lord Rayleigh showed in 1885 that there is a wave type that could
propagate along surfaces, such that the motion associated with the wave
decayed exponentially with distance into the material from the surface.
This type of surface wave, now called a Rayleigh wave, propagates
typically at slightly more than 90 percent of the shear wave speed and
involves an elliptical path of particle motion that lies in planes parallel to
that defined by the normal to the surface and the propagation direction.

Another type of surface wave, with motion transverse to the propagation
direction and parallel to the surface, was found by Love for solids in which
a surface layer of material sits atop an elastically stiffer bulk solid; this
defines the situation for the Earth's crust. The shaking in an earthquake
is communicated first to distant places by body waves, but these spread
out in three dimensions and to conserve the energy propagated by the
wave field must diminish in their displacement amplitudes as ', where r
is the distance from the source. The surface waves spread out in only two
dimensions and must, for the same reason, diminish only as fast as r'“ .
Thus, the shaking effect of the surface waves from a crustal earthquake
is normally felt more strongly, and is potentially more damaging, at
moderate to large distances. Indeed, well before the theory of waves in
solids was in hand, Thomas Young had suggested in his 1807 lectures on
natural philosophy that the shaking of an earthquake "is probably
propagated through the earth in the same manner as noise is conveyed
through air." (It had been suggested by the American mathematician and
astronomer John Winthrop, following his experience of the "Boston"
earthquake of 1755, that the ground shaking was due to a disturbance
propagated like sound through the air.) With the development of ultrasonic
transducers operated on piezoelectric principles, the measurement of the
reflection and scattering of elastic waves has developed into an effective
engineering technique for the nondestructive evaluation of materials for
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detection of such potentially dangerous defects as cracks. Also, very
strong impacts, whether from meteorite collision, weaponry, or blasting
and the like in technological endeavours, induce waves in which material
response can be well outside the range of linear elasticity, involving any
or all of finite elastic strain, plastic or viscoplastic response, and phase
transformation. These are called shock waves; they can propagate much
beyond the speed of linear elastic waves and are accompanied by
significant heating. (Source Encyclopaedia Britannica)

Weathering of limestone

Limestone is soluble in the weak acid of rainwater. Erosion takes place
most swiftly along cracks and joints in the limestone and these open up
into gullies called grikes. The rounded blocks left upstanding between
them are called clints, often holes will be bored into the limestone from the
action of water, these infill to become plugs. Chemical weathering is not
restricted to easily soluble rocks but attacks all rock types. The most
easily weathered rocks are limestones.
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