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Series 1: Foundations of Rocks and Minerals
Series outline
e Part 1: Origin and Classification of Rocks
o 1.1 Definition and nature of rocks
o 1.2 Types of rocks: igheous, sedimentary, metamorphic
o 1.3 Rock formation processes
o Part 2: Minerals and Their Diagnostic Features

o 2.1 Definition and nature of minerals
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o 2.2 Physical and chemical properties of minerals

o 2.3 Mineral identification techniques
e Part 3: Distribution and Economic Importance

o 3.1 Globaldistribution of rocks and minerals

o 3.2 Mineralresources in Nigeria

o 3.3 Economic significance of rocks and minerals
¢ Part 4: Differentiating Rocks and Minerals

o 4.1 Key differences between rocks and minerals

o 4.2 Practical examples and case studies

Introduction

Mining engineering begins with a solid grasp of the basic building blocks of the Earth. Rocks and
minerals are not only the foundation of geological knowledge but also the raw materials upon
which mining activities depend. Without understanding their origin, classification, and
distinguishing features, it would be impossible to evaluate mineral deposits or design effective
mining methods. This Series therefore sets the stage for learners to appreciate the scientific and
practical importance of rocks and minerals in mining engineering.

The aim of this Series is to equip you with the ability to define, classify, and differentiate rocks and
minerals, while also recognising their distribution and economic significance. By doing so, you will
gain the essential knowledge required to make informed decisions in mining practice.

We shall commence this Series by exploring the origin and classification of rocks, examining how
igneous, sedimentary, and metamorphic rocks are formed. Next, we will move on to minerals and
their diagnostic features, focusing on their physical and chemical properties as well as
identification techniques. Following that, we will consider the distribution and economic
importance of rocks and minerals, with particular attention to Nigeria’s mineral resources. Finally,
we will wrap up by analysing the key differences between rocks and minerals, supported by
practical examples and case studies.

Series Learning Outcomes

Upon completing this Series, you should be able to:
e SLO 1.1 define rocks and explain their origin and classification,
e SLO 1.2 classify rocks into igneous, sedimentary, and metamorphic types,
e SLO 1.3 define minerals and describe their diagnostic features,

-
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e SLO 1.4 analyse the physical and chemical properties of minerals for identification,

e SLO 1.5 evaluate the distribution and economic importance of rocks and minerals,
particularly in Nigeria, and

e SLO 1.6 differentiate clearly between rocks and minerals using practical examples.

1.1 Origin And Classification Of Rocks
1.1.1 Definition and nature of rocks

Arock s a naturally occurring solid aggregate of one or more minerals, or mineraloids, that forms
the Earth’s crust. Rocks provide the basic framework upon which geological processes operate,
and they serve as the raw material for mining activities. They varyintexture, colour, hardness, and
mineral composition, which makes them suitable for different industrial uses.

THE ROCK CYGLE:

INTERCONNECTING GEOLOGICAL PROCESSES
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A simple diagram showing the rock cycle and its components. Figure 1.1: The rock cycle illustrating
the transformation of rock types Fill in the blank: A rock is defined as a naturally occurring solid
aggregate of one or more

1.1.2 Types of rocks: igheous, sedimentary, metamorphic

Igneous rocks are formed from the cooling and solidification of molten magma or lava. They are
often crystalline and may be intrusive (formed beneath the Earth’s surface) or extrusive (formed on
the surface). Sedimentary rocks are formed from the accumulation and compaction of sediments,
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which may include fragments of other rocks, minerals, or organic material. They often display
layering or stratification. Metamorphic rocks are formed when existing rocks undergo
transformation due to heat, pressure, or chemical processes, resulting in new textures and mineral
compositions.

COMMON ROCK TYPES AND IDENTIFICATION - OER GEOLOGY

IGNEOUS ROCKS SEDIMENTARY ROCKS METAMORPHIC ROCKS

GRANITE : SANDSTONE FOLIATION
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GRANITE SANDSTONE '. \\ o, GNEISS
CLASTIC TEXTURE / = FOLIATION *w
BASALT REMANTONG & LIMESTONE =~ = S RATATION e
EIRNAVIOR IN LONE . R——
& INITER BASALT LIMESTONE MARBLE
CLASTIC TEXTURE FOLIATION

FIOLIATATION
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CLASTIC TKARTE
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% FORMILE:OR =
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BART STAKE INCREASED

RECRYSTALLIZATION
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Photographs of igneous, sedimentary, and metamorphic rocks. Plate 1.1: Examples of igneous,
sedimentary, and metamorphic rocks

Fillin the blank: Rocks that form from the cooling of magma or lava are called rocks.

1.1.3 Rock formation processes

The rock cycle explains how rocks are continuously transformed from one type to another through
geological processes. Igneous rocks may weather into sediments, which form sedimentary rocks.
Sedimentary rocks may undergo metamorphism to become metamorphic rocks. Metamorphic
rocks can meltto form magma, which solidifies into igneous rocks again. This cycle demonstrates
the dynamic nature of Earth’s crust.

-
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1. FORMING IGNEOUS ROCKS
(From Molten Rock)

Melting: Rocks melt into
magma (deep underground) or
lava (surface).

Cooling & Crystallization:

« [ntrusive (Plutonic): Slow
cooling underground, forming
large crystals (e.g., Granite).

o Extrusive (Volcanic): Rapid
cooling on the surface,
forming small crystals or glass
(e.g., Basalt, Obsidian).

 SEDIMENTARY PROCESSES

! 2. FORMING SEDIMENTARY ROCKS
(From Surface Accumulation)

=) Weathering & Erosion: Wind,
water, and ice break down rocks.
=> Transportation: Rivers, glaciers,
and wind move sediments.
=)> Deposition: Sediments settle in
layers (e.g., ocean floor).
Lithification:
» Compaction: Layers are
compressed by weight.
* Cementation: Minerals ‘glue’
particles together (e.g.,

Box 1. 1 : Key processes in the rock cycle

Sandstone, Shale, Limestone).

i .".’4 THE NON LINEAR CYCLE: Any rock type can be lransformed into any ather mcktype in a continuous cycle over millions of years.

3. FORMING METAMORPHIC ROCKS
(Change by Heat & Pressure)

=p> Deep Burial & Tectonics:
Rocks are pushed deep into the
crust.

=) Heat & Pressure: Mineral
structures are altered without
melting.

&= Recrystallization: Minerals
realign (Solid-State) often

creating banding or foliation
L (e.g., Slate, Marble, Gneiss).

J

Pilot questions 1.1
1. Which term describes a naturally occurring solid aggregate of minerals?
2. What are the two main categories of igneous rocks?
3. Whichrock type is typically formed by compaction of sediments?
4. What process transforms sedimentary rocks into metamorphic rocks?

5. Which cycle explains the transformation of rocks from one type to another?

1.2 Minerals And Their Diagnostic Features
1.2.1 Definition and nature of minerals

Amineralis a naturally occurring, inorganic substance with a definite chemical composition and
an ordered internal structure. Minerals are the fundamental building blocks of rocks, and their
properties determine how rocks behave in geological and industrial contexts. They are usually solid
and crystalline, meaning their atoms are arranged in a repeating pattern.

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



CRYSTALLINE STRUCTURE OF HALITE (NaCl)
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Diagram showing the crystalline structure of'a mineral. Figure 1.2: Crystalline arrangement of
atoms in a mineral

Fillin the blank: A mineral is defined as a naturally occurring, substance with a definite
chemical composition.

1.2.2 Physical and chemical properties of minerals

Minerals can be identified by their physical properties, such as colour, hardness, lustre, streak,
cleavage, and density. For example, the Mohs scale of hardness ranks minerals from soft (like
talc) to hard (like diamond). Their chemical properties include composition and reactivity, which
determine how they interact with other substances.
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COMPARATIVE TABLE: PHYSICAL PROPERTIES OF TALC, QUARTZ, & DIAMOND

TALC QUARTZ DIAMOND
PHYSICAL et g [PEoiaes
PROPERTIES 254
@ /\ Mohs Hardness: 1 (Softest) 7 (Curast) 10 (Hardest)
- Luster: Shine reflections Adamantine Adamantine
By [leavage/ Perfect 1 direction Conchoidal Fracture Conchoidal Fracture
<> Streak: Streak plates Streak plate Streak plate
SJ2  specific Gravity: 0.55 (density) 0.75 (density) 10 (Hardest)
@ Common Uses: 56 / 56 / 66 .
L ®® Cosmetics Electronics Cutting Tools | Cosmetics Electronics Cutting Tools | Cosmetics Electronics Cutting Tools |

[ QU KEY CONCEPT: 2 (TR Q. KEY CONCEPT: _— Relative—__ Absolute
Cleavagevs.  Perfect vs. é@i Conchoidal Mohs Hardness Scale <>—( (0 4 (O ©
Fracture 1 direction \ ’ fracture (Relative vs. Absolute) piamona 7 8 9 9 10

Table 1.1: Selected minerals and their physical properties

Fill in the blank: The scale used to measure mineral hardness is called the scale.

1.2.3 Mineral identification techniques

Minerals are identified using both field and laboratory techniques. Field methods include simple
tests such as scratching for hardness, observing colour and lustre, and checking streak on a
porcelain plate. Laboratory methods involve advanced techniques like X-ray diffraction,
spectroscopy, and .chemical analysis, which provide precise information about mineral
composition and structure.

-
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4 SUMMARY OF COMMON MINERAL IDENTIFICATION TESTS

@ Hardness (Mohs Scale): Measures resistance to scratching. Test against tools (e.g., fingernail
~2.5, penny =3.5, steel knife x5.5). & @ R @

© Streak: Color of a mineral in powdered form. Tested by rubbing on unglazed porcelain plate.
O Luster: Describes light reflection off surface. Primary split: Metallic vs. Non-Metallic Light < .,
(e.g., vitreous, pearly, silky, greasy, dull). Reflectlons 2
Cleavage and Fracture: How a mineral breaks under stress. g @ . > Fracture —”
* Cleavage: Breaking along smooth, flat parallel planes (weak bonds). (e.g., mica - 1 dir; halite - 3 dir at 90°).

* Fracture: Breaking along irregular, curved (conchoidal), or jagged surfaces (uniform bonds). (e.g., quartz).

@ Color: Obvious, yet least reliable. Many change color from trace impurities (e.g., quartz: clear, @ @ @
pink, purple, smoky yellow). <

\. Acid Test (Effervescence): Drop dilute hydrochloric acid (HCI) on mineral. 5 o oo Q<g

&> Carbonate minerals (especially calcite) will fizz (CO, gas). (CaCO, + 2HCI —> Ca? + 2CI" + H20 +C0,1).

O Special Properties: Unique distinct properties: :
& » Magnetism (strongly exhibited by magnetite). ﬂ(’z Taste (halite tastes salty). ,}Q &
« Striations (fine parallel hairline grooves on cleavage faces of plagioclase feldspar). -

ﬁ FIELD NOTE FOR GEOLOGISTS: Correct mineral identification rarely relies on a single test. Combine
multiple physical and chemical observations to confidellly identify an unknown specimen.

Y

Box 1.2: Common mineral identification tests

e Fillin the blank: The powdered colour of-a mineral observed on a porcelain plate is called
its

Pilot questions 1.2
1. What s the definition.of amineral?
2. Which property of minerals is measured using the Mohs scale?
3. Name two physical properties used to identify minerals.
4. What laboratory technique can be used to determine mineral composition?

5. Whatis the term for the powdered colour of a mineral?

1.3 Distribution And Economic Importance
1.3.1 Global distribution of rocks and minerals

Rocks and minerals are distributed unevenly across the Earth’s crust due to geological processes
such as plate tectonics, volcanic activity, and sedimentation. For example, igneous rocks are
commonly found in regions with past or present volcanic activity, while sedimentary rocks
dominate areas with extensive basins and river systems. Mineral deposits such as gold, copper,
and iron are concentrated in specific geological belts, making certain regions more resource-rich
than others.

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



GLOBAL MINERAL RESOURCE BELTS & LITHOLOGY
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World map showing major mineral belts androck distributions. Figure 1.3: Global distribution of
selected mineral resources

Fillin the blank: Regions with extensive basins and river systems are often dominated by
rocks.

1.3.2 Mineral resources in Nigeria

Nigeria is endowed with abundant mineral resources, including limestone, coal, tin, gold, and
iron ore. These resources are distributed across different regions of the country. For instance,
limestone is found in Ogun and Benue States, coal in Enugu, and tin in Jos Plateau. The availability
of these resources has significant implications for industrial development, energy generation, and
export earnings.

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Plate 1.2: Examples of Mineral Resources in Nigeria
LIMESTONE QUARRY (0gun State)

OPEN-PIT EXTRACTION METHOD illing & B

y —————> Crushing & Transport
“===—=2>Cement Manufacturing

STHATIGRAPHY OF ENUGU COAL FIELD' * SUB-BITUMINOUS
OA SEAM IN SITU

Coal

2 T e § e ‘*SeamNo:i

Sedimentary Rock, b
GOAL DEPOSITS (Enugu State) |raleocene (Ewekc% Formation}, | |
near Ewekoro, Ogun State Fossils, Dahomey Basin - ; =& Sub-bituminous Coal,
Enugu Undergroud  Surface Coal Seam Exposure | Cretaceous, Deltaic, N9n~
Mine Entrance (Open-Cast, Mamu Formation) | marine, Mamu Formation

FORMATION OF ALLUVIAL PLACER DEPOSIT  PADDOCK EXTRACTION
Erosion hnclort (Alluvial Placer)
> ncien!

over
uverbeds
2 —

Cassiterite (Sn0,) Jurassic Heavy Mineral Alluvial Placer, Younger Granites,
Tin (Cassiterite) AIIUVIaI Paddock Mlnlng Area Alluvial Ore Concentrate in Pan Younger Granites  Concentration Jurassic, Cassiterite, Sn0,

Photographs of limestone quarry in Ogun, coal deposits in Enugu, and tin mining in Jos. Plate 1.2:
Examples of mineral resources in Nigeria

Fillin the blank: Tin deposits in Nigeria are mainly located in the Plateau.

1.3.3 Economic significance of rocks and minerals

Rocks and minerals contribute directly to national development by providing raw materials for
construction, manufacturing, and energy production. For example, limestone is used in cement
production, coal in.power generation, and iron ore in steel manufacturing. Beyond industrial uses,
minerals also generate employment, stimulate local economies, and contribute to government
revenue through taxes and royalties. However, their exploitation must be managed responsibly to
avoid environmental degradation.
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Tl SUMMARY OF ECONOMIC USES OF KEY MINERAL RESOURCES

1. Limestone (Sedimentary Rock) | 2. Coal (Sedimentary Rock / Fossil Fuel) | 3. Iron Ore (Minarite/Magnetite)
Iron Ore (Hematite/Magn) Gold, Au

LN 5

Sl ®

Ayl

# A 3 K
)

cemen & Construction: Finacial Reserves & Jewelry:

; ~~ Electricity Generation: 44 Steel Manufacturing:

ﬁ*’/ Concrete, mortar, roads, Thermal power plants, MSteel (iron-carbon alloy) v Central bank reserves, global
buildings. generate steam, turbines. backbone of globdges, @!ﬂonetaw store of value; luxury
Agriculture: Steel Producti e e

: '« Steel Production: i .

“Agricultural lime” to neutralize Baked into coke (reducing (2% L’:@ﬁmﬁt{mﬁ chassis ngot;ﬂ)'::crgsfétzﬁ??gﬁé?;%r
acidic soils, essential calcium. tin blast furnaces) il ks trains, | icrochi :

agen ? %awaﬁgac% igétraltr:)%ls microchips, smartphones, processors.

<> Industrial Processing: @In_dustrial Manufacturing: Houvsyehold Apgi'catioﬁs: Medicine & Aerospace: ?3&

AEg] Fluxin plas} furnaces (remove High-temperature process [ 1_ Syrctural rebar, Biocompatible dentistry (crowns),
impurities); flue-gas heat for cement kilns, _1©J kitchen appliances, medical diagnostics; reflective gold
desulfurization (scrub emissions). | paper mills, chemical plants. — cookware, fasteners. | coating (astronaut visors, satellites).

ECONOMIC GEOGRAPHY NOTE: Localized distribution of resources heavily influences national trade balances and industrial ]
| development. Proximity of coal and iron ore retains a competitive advantage in domestic steel production and heavy industrialization. )

Box 1.3: Economic uses of selected minerals

Fillin the blank: The mineral used in cement production is

Pilot questions 1.3
1. Which geological processes influence the global distribution of rocks and minerals?
2. Name two minerals foundin Nigeria and their locations.
3. What mineral resource is found in Enugu State?
4. Which mineralis essential for steel manufacturing?

5. How do minerals contribute to national development?

1.4 Differentiating Rocks And Minerals
1.4.1 Key differences between rocks and minerals

Although rocks and minerals are closely related, they are not the same. A rock is an aggregate of
one or'more minerals, or mineraloids, whereas a mineral is a naturally occurring inorganic
substance with a definite chemical composition and crystalline structure. Rocks are therefore
broader in composition, while minerals are the specific building blocks that make up rocks. For
example, granite is a rock composed of minerals such as quartz, feldspar, and mica.
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OER Plate 2.1

GRANITE COMPOSITION: MINERAL COMPONENTS & ARRANGEMENT

POTASSIUM |
FELDSPAR
(Orthoclase) |

[PLAGIOGLASE
FELDSPAR
ACCESSORY
MINERAL
(e.g., Hornblende)

INDIVIDUAL CRYSTALS Iﬂ
— : (formed by orderly arrangement of ions
FELDSPAR (Orthoclase) — ) f ,
Potassium 3 Iron (Fe2*) & Aluminum (AI%*)
(K~ A Q.’ﬁ% \9 ) | Magnesium (Mg2*) Cation
Cation ‘\'."/{ "!-\:7 2 QUARTZ Cations ~_, <@

AIuminum |., »/!%‘\‘, > ! l ‘ Aluminum —, A=) Potassium
3 c I LW s 34 Cati O < (K*)
g:AIt' ) adz ‘!I'\'ﬁv/ (¢%1) Cetion between
A \lr 7‘_\! ”’/‘ | Potassium —, 2= sheets

| AF “|;; \|\ A (K*) Cations e
- :\ > > _g % S between sheets \Oxygen (0%) &
\. 4 R & Hydroxyl (OH-) Anions
Silicon (Si“)\/‘ Oxygen QUARTZ: High silica =
Cation (0%) Anion content, no cleavage PERFECT SHEET-CLEAVAGE )

Diagram showing granite as a rock composed of different minerals. Figure 1.4: Granite as an
aggregate of minerals

Fillin the blank: Arock is an aggregate of one or more

1.4.2 Practical examples and case studies

In practice, distinguishing rocks from minerals is essential for mining engineers. For instance,
limestone is a rock made up largely of the mineral calcite. Similarly, basalt is a rock composed of
minerals such as pyroxene and plagioclase. Identifying whether a sample is a rock or a mineral
helps determine its economic value and suitability for industrial use. Case studies from Nigeria
show that limestone deposits are exploited for cement production, while minerals like gold are
mined directly for their intrinsic value.

Do)
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OMPARATIVE STUDY: LIMESTONE (ROCK) vs. CALCITE (MINERAL)

MASSIVE, ROCK: AGGREGATE

BIOCLASTIC OF MINERALS
(including Calcite) .
(i T8

ARY ROCH H, e H,\j (i TE MIN ,< 1

7 SINGLE CRYSTAL
% RHOMBOHEDRAL
/ SHAPE

s

 SMALL FOSSIL /
sFRe\lingl?'?S ; SR e MINERAL:
(e.q., small shells) =)= & ¢ SINGLE CHEMICAL

COMPOUND/ELEMENT =~
(Calcite: CaCO,)

DOUBLE REFRACTION
(Birefringence)

extraordinary

Calcium @<
(Ca*)

ordinary Carbonate
(COs%)

ACID TEST (EFFERVESCENCE)
0aC0, + 2HCI - Ca?* + H,0 + CO,*

beam

SEDIMENTARY

LAYERING/BEDDING Double image —*® IMAGE 1

Photographs of limestone (rock) and calcite (mineral). Plate 1.3: Examples of a rock and its
constituent mineral

Fillin the blank: Limestone is a rock composed mainly of the mineral

Pilot questions 1.4
1. Whatis the main difference between a rock and a mineral?
2. Give one example of a rock and the minerals that make it up.
3. Which mineralis the main.constituent of limestone?
4. Why isitimportant for mining engineers to distinguish between rocks and minerals?

5. Provide one Nigerian case study where a rock is exploited for industrial use.

Series Summary

This Series has introduced you to the foundations of rocks and minerals, which are essential for
mining engineering. We began by examining the origin and classification of rocks, learning how
igheous, sedimentary, and metamorphic rocks are formed and transformed through the rock cycle.
We then explored minerals, their diagnostic features, and identification techniques, followed by a
discussion of the global distribution of rocks and minerals and their economic importance, with
particular emphasis on Nigeria. Finally, we analysed the differences between rocks and minerals,
supported by practical examples and case studies.
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By completing this Series, you should now be able to define and classify rocks, describe the
diagnostic features of minerals, analyse their properties, evaluate their distribution and economic
significance, and differentiate clearly between rocks and minerals. These skills directly align with
the Series Learning Outcomes (SLOs) and provide you with the foundational knowledge required for
further study in mining engineering.

Glossary of Terms

e Cleavage: The tendency of a mineral to break along flat planes of weakness in its crystal
structure.

¢ Igneousrock: Arock formed from the cooling and solidification of magma or lava.
o Lustre: The way light reflects from the surface of a mineral.

o Metamorphic rock: A rock formed when existing rocks are altered by heat, pressure, or
chemical processes.

¢ Mineral: A naturally occurring inorganic substance with a definite chemical composition
and crystalline structure.

o Mohs scale: A scale ranking minerals by hardness from 1 (talc) to 10 (diamond).

¢ Rock: A naturally occurring solid aggregate of one or more minerals or mineraloids.

¢ Sedimentary rock: Arock formed from the accumulation and compaction of sediments.
e Streak: The powdered colour'of a mineral when rubbed on a porcelain plate.

¢ Rockcycle: The continuous process by which rocks are transformed from one type to
another.

Concept Check Questions [Series 1]
Objective questions
1. Which type of rock is formed from the cooling of magma? (Linked to SLO 1.2)
2. What scale is used to measure mineral hardness? (Linked to SLO 1.4)
3. Which'mineralis the main constituent of limestone? (Linked to SLO 1.6)
Short-answer questions
4. Define a mineral and explain how it differs from a rock. (Linked to SLO 1.1, SLO 1.6)
5. Listtwo physical properties used to identify minerals. (Linked to SLO 1.3)
6. Name two mineralresources found in Nigeria and their locations. (Linked to SLO 1.5)

Long-answer questions

-
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7. Analyse the processes involved in the rock cycle and explain how they contribute to the
transformation of rock types. (Linked to SLO 1.1, SLO 1.2)

8. Evaluate the economic importance of rocks and minerals in Nigeria, providing examples of
their industrial uses. (Linked to SLO 1.5)

Answers to Concept Check Questions [Series 1]
Objective questions

1. Igneous rock.

2. Mohs scale.

3. Calcite.
Short-answer questions

4. A mineralis a naturally occurring inorganic substance'with a definite chemical composition
and crystalline structure. A rock is an aggregate of one or more minerals.

5. Hardness and lustre.
6. Limestone in Ogun State, coal in Enugu State.
Long-answer questions

7. Basic response: The rock cycle involves processes such as cooling of magma to form
igneous rocks, weathering and erosion to produce sediments, compaction to form
sedimentary rocks, and metamorphism to create metamorphic rocks. Value-added
response: Beyond these processes, the rock cycle illustrates the dynamic nature of Earth’s
crust, showing how plate tectonics, volcanic activity, and erosion interact to recycle
materials and sustain geological diversity.

8. Basic response: Rocks and minerals in Nigeria are economically important because
limestone is used in cement production, coal in energy generation, and iron ore in steel
manufacturing. Value-added response: In addition to industrial uses, mineral exploitation
generates employment, stimulates local economies, and contributes to government
revenue. However, sustainable management is required to balance economic benefits with
environmental protection.

Answers to Pilot Questions [Series 1]
1./ A naturally occurring solid aggregate of minerals.
2. Intrusive and extrusive.
3. Sedimentary rock.
4. Metamorphism.

-
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5. Rockcycle.

6. A naturally occurring inorganic substance with a definite chemical composition.
7. Hardness.

8. Colour and streak.

9. X-ray diffraction.

10. Streak.

11. Plate tectonics, volcanic activity, sedimentation.

12. Limestone in Ogun, coal in Enugu.

13. Coal.

14. Iron ore.

15. By providing raw materials, employment, and revenue.

16. Arock s an aggregate of minerals, while a mineral has a definite composition and
structure.

17. Granite: quartz, feldspar, mica.

18. Calcite.

19. To determine economic value and industrial use.

20. Limestone exploited for cement production.
References and Attributions [Series 1]

o Figure 1.1: Rock cycle diagram. Suggested Al prompt: “Generate a labelled diagram of the
rock cycle showing igneous, sedimentary, and metamorphic processes.” Search string:
“rock cycle diagram OER geology”.

e _Plate 1.1: Examples of igneous, sedimentary, and metamorphic rocks. Suggested Al
prompt: “Generate labelled photographs of igneous, sedimentary, and metamorphic
rocks.” Search string: “igneous sedimentary metamorphic rock examples OER”.

e . Table 1.1: Selected minerals and their physical properties. Suggested Al prompt: “Generate
atable comparing physical properties of talc, quartz, and diamond.” Search string: “Mohs
hardness scale minerals OER geology”.

e Box1.2: Common mineral identification tests. Suggested Al prompt: “Generate a text box
summarising common mineral identification tests.” Search string: “mineral identification
tests geology OER”.

-
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e Figure 1.3: Global distribution of selected mineral resources. Suggested Al prompt:
“Generate a labelled world map showing major mineral belts and rock types.” Search
string: “global mineral resource distribution map OER geology”.

e Plate 1.2: Examples of mineral resources in Nigeria. Suggested Al prompt: “Generate
labelled photographs of limestone quarry, coal deposits, and tin mining in Nigeria.” Search
string: “Nigeria mineral resources limestone coal tin OER”.

e Box1.3: Economic uses of selected minerals. Suggested Al prompt: “Generate.a text box
summarising economic uses of limestone, coal, iron ore, and gold.” Search string:
“economic uses of minerals OER geology”.

e Figure 1.4: Granite as an aggregate of minerals. Suggested Al prompt: “Generate a labelled
diagram showing granite composed of quartz, feldspar, and mica.” Search string: “granite
composition diagram OER geology”.

o Plate 1.3: Examples of a rock and its constituent mineral. Suggested Al prompt: “Generate
labelled photographs of limestone rock and calcite mineral.” Search string: “limestone
calcite rock mineral OER geology”.

Series 2: Mineral Resources And National Development
Series outline
o Part2.1: Energy, Minerals, And Water Resources
o +2.1.10Overview of energy resources
o ' 2.1.2 Classification of mineral resources
o . 2.1.3 Importance of water resources in mining
e Part 2.2: Minerals In National Development
o 2.2.1 Role of minerals in industrialisation
o 2.2.2 Contribution to economic growth and revenue
o 2.2.3 Employment and social impact
e Part 2.3: Mineral Prospecting And Exploration
o 2.3.1 Geological methods of exploration

-
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o 2.3.2 Geophysical methods of exploration
o 2.3.3 Case studies of exploration in Nigeria
e Part 2.4: Challenges And Sustainable Development
o 2.4.1 Environmental impacts of resource exploitation
o 2.4.2 Policy and governance issues

o 2.4.3 Sustainable approaches to resource management

Introduction

Mineral resources are at the heart of national development, providing the raw materials for
industries, energy generation, and infrastructure. In countries like Nigeria, the abundance of
minerals has the potential to transform economic growth and improve living standards. However,
the way these resources are explored, managed, and utilised determines whether they become a
blessing or a burden. This Series will help you appreciate the strategic importance of mineral
resources and their role in shaping national development.

The aim of this Series is to enable youto analyse the contribution of mineral resources to national
development, evaluate methods of prospecting and exploration, and assess the challenges and
sustainable approaches to resource management.

We shall commence this Series by examining energy, minerals, and water resources, highlighting
their classificationaand importance. Next, we will move on to the role of minerals in national
development, focusing on industrialisation, economic growth, and social impact. Following that,
we will explore mineral prospecting and exploration, considering both geological and geophysical
methods with case studies from Nigeria. Finally, we will conclude with an analysis of the
challenges of resource exploitation and the need for sustainable development strategies.

Series'Learning Outcomes

Upon completing this Series, you should be able to:
e SLO 2.1 classify energy, mineral, and water resources and explain theirimportance,
e | SLO 2.2 analyse the role of minerals in industrialisation and national development,

e SLO 2.3 evaluate geological and geophysical methods of mineral prospecting and
exploration,

e SLO 2.4 assess the challenges of resource exploitation and propose sustainable
approaches to resource management.

-
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2.1 Energy, Minerals, And Water Resources
2.1.1 Overview of energy resources

Energy resources are natural sources that provide power for human activities, including fossil
fuels such as coal, oil, and natural gas, as well as renewable sources like solar, wind, and
hydropower. In mining engineering, energy resources are vital because they drive machinery,
support mineral processing, and sustain industrial operations. Fossil fuels remain dominant
globally, but renewable energy is increasingly important for sustainable development.

ENERGY RESOURCES CLASSIFICATION & COMPARISON

FOSSIL FUELS (NON- RENEWABLE RENEWABLE ENERGY RESOURCES
% SOLARENERGY - WIND ENERGY

& COAL
> — Formed from ancient ‘
s 1011-MarinG vegetation; <'50IIRGE:S> - m
\' Sub-bituminous, high process heat ; ‘*,“ Im
@ Mamu Formation & oy ?Fﬂé()s(ggll-\é_ !
S W Kinetic energy from wind;
PETROLEUM (OIL) Iocalizgg power
& NATURAL GAS
Formed from | [£5 HYDROPOWER

marire marine Gravitational

microorganisms; . 7 . energy from
transportation ROCK CYCLE & GLOBAL DISTRIBUTION water; large-
fuel, power  RESOURCE FORMATION OF RENEWABLE POTENTIAL ~ scale generation (g
FORMED BY ANCIENT GEOLOGICAL PROCESSES _ (EnyiRoNMENTAL L, HARNESSED FROM CONTINUOUS NATURAL
(M'"'Oﬂs of Years); FINITE; FOOTPRINT PROCESSES; VIRTUALLY INEXHAUSTIBLE & (%6
HIGH ENVIRONMENTAL IMPACT (CO, Emissions) LOW ENVIRONMENTAL IMPACT (Minimal Emissions)

| Egﬁ?ﬂﬁﬁ?ﬁﬂﬂggg'gg (Influences Trade/  _ Fy7ume L GEOGRAPHICALLY DISTRIBUTED (Requires suil) Y]
MAJOR SHARE OF CURRENT GLOBAL SUPPLY,  LAVAILABILITY GROWING SHARE OF FUTURE ENERGY MIX Lﬂﬂ!l

Diagram showing fossil fuel and renewable energy sources. Figure 2.1: Classification of energy
resources

Fillin the blank: Coal, oil, and natural gas are examples of energy resources.

2.1.2 Classification of mineral resources

Mineral resources are naturally occurring substances extracted for economic use. They can be
classified into metallic minerals (such as iron, copper, and gold), non-metallic minerals (such as
limestone, gypsum, and clay), and energy minerals (such as coal and uranium). This classification
helps mining engineers determine the methods of extraction and processing required. Metallic
minerals are often used in construction and manufacturing, while non-metallic minerals support
industries like cement and ceramics.
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CLASSIFICATION OF MINERAL RESOURCES: TYPES, EXAMPLES, & ECONOMIC USES
[ RESOURCES | SUB-CATEGORIES & DIAGNOSTIC PROPERTIES | KEY EXAMPLES & PRIMARY ECONOMIC USES

METALLIC B r'\:/?;{;(r’lgﬁégogng?rrgr‘lg)th é‘@ ,_4 A T H]ggu?;gtaﬂﬁg?gftgsitﬁ}gﬁ:re, transport.
S e & xop ErkE
\=)> Precious Metals: Scarcity and beauty. (Au) J @ *

high-end jewelry, electronics.

= Industrial & Construction Materials: \, Limestone (CaCO0,): Portland cement
NON-METALLIC Hardness, durability. g@ ~ production , concrete, agriculture.

MINERALS g Chemical & Fertilizer Minerals: @ a Halite (NaCl): Table salt, chemical D &

@ o Solubility, chemical reactivity. manufgcturing.
> Gemstones: Brilliance, optical properties. € 73> Diamond (C): {ﬁ%ﬁ%{éﬁ'&‘éﬁ}’s‘g tools,

. Fossil Fuels (Hydrocarbons): ) Coal (Sub-bituminous): Thermal power &=
MINE&%‘E%ELS/ ~ Energy density, carbon. é @ generation, process heat. lez=
LGRESOURCES = Nuclear Fuels: Radioactivity, dense power. &) 72> Uranium (Us0y): H,%?'%S.%ﬁ’f’.éﬁl%ﬁ%s @J

©, CORE CONCEPT: Energy Resources vs. True Minerals ]
Organic origin distincted by oandomate that on minerals
socks that loan vent diainout by those specific. minerals. |

f @, CORE CONCEPT: Metallic vs. Non-Metallic Properties
| Atomic @ xS Smal ©

Table 2.1: Classification of mineral resources

Fillin the blank: Limestone and gypsum are examples of minerals.

2.1.3 Importance of water resourcesin mining

Water resources are essential in mining operations for drilling, mineral processing, dust
suppression, and cooling equipment. They also play a role in transporting minerals through slurry
pipelines. However, water use in mining must be carefully managed to prevent pollution and
depletion of local supplies. Sustainable water management practices, such as recycling and
treatment, are increasingly adopted to reduce environmental impact.
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() SUMMARY OF WATER USE IN MINERAL EXTRACTION AND PROCESSING
MINE & PROCESSING SITE m Dust Suppression:

: : Sprayed on haul roads,
'f:'"fl"'al:ll Pg’t?ess_mg 6 : st%ckpiles, crushing
(Froth Flotation): : ’ units; safeguards air [
28 Primary medium; introduces < quality & visibility

& chemicals & bubbles; A long distances
97' floats minerals (e.g., Cu

Material Washmg & Gradmg

Washes clay, sand, & debris from

‘& o industrial mlnerals/aggregates

Cooling Systems
& Power Generation:

5 Cooling for heavy machinery,
2 T Fﬁ gggffggra}ﬁs&gﬁ&r;f/ CILIEE == _underground ventilation, on-site
{ o g thermal plants

Transports ground

Environmental Management (£ = LA
: & Reclamation gl EasmeS @:@ ———

5 Underground Decants & captures water from A
Essential for establishing vegetation cover,  Ventilation Cooling waste slurries, recycling upto === Process )
stabilizing tailings, preventing erosion (like former coal mines) | | 80% or more of process water Water Tank  Processing Plant |

Box 2.1: Uses of water in mining

Fillin the blank: Water used to transport minerals in pipelines is called

Pilot questions 2.1
1. What are two examples of renewable energy resources?
2. Into which three categories are mineral resources classified?
3. Give one example of ametallic mineral and its use.
4. Name two uses of water in mining operations.

5. Which category of minerals includes coal and uranium?

2.2 Minerals In National Development
2.2.1 Role of minerals in industrialisation

Minerals are the backbone of industrialisation because they provide the raw materials needed for
construction, manufacturing, and energy production. For example, iron ore is used in steel
production, which supports infrastructure development, while limestone is essential for cement

manufacturing. Without these resources, industries would struggle to grow and sustain national
economies.
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~ MINERALS AND MODERN INDUSTRY
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Diagram showing the link between minerals and industrial sectors. Figure 2.2: Role of minerals in
industrialisation

Critical Minerals (e.g., m Electric Veh|c|e
Cobalt, Grapl |te) (EV) Batteries

Fillin the blank: is the mineral used.in cement manufacturing.

2.2.2 Contribution to economic growth and revenue

Minerals contribute significantly.to economic growth by generating government revenue through
taxes, royalties, and export earnings. Countries with abundant mineral resources often rely on
them as a major source.of foreign exchange. For instance, Nigeria’s oil and gas sector has
historically been a major contributor to national income, while solid minerals such as gold and tin
also provide revenue streams.
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Table 2.2: Contribution of minerals to national revenue

Fillin the blank: Nigeria’s major source©f foreign exchange has historically been

2.2.3 Employment and social impact

'Q\r“

(&

and gas.

Mineral exploitation creates jobs directly in mining operations and indirectly in industries that
depend on mineral products. Italso stimulates local economies by providing opportunities for
small businesses and services. However, the social impact can be both positive and negative.
While employment.and infrastructure development are benefits, challenges such as displacement
of communities and environmental degradation must be addressed.
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Box 2.2: Social impacts of mineral exploitation

< [ SOCIAL DISRUPTION
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strain on local public services. %
%

« Rising cost of living, social tension,
and increased inequality.

« Necessity of meaningful local consent, ongoing

] &D
=0\ = partnership, and shared decision-making.
= « SLO requires going beyond simple regulatory compliance
2 to gain trust and community acceptance.

Fillin the blank: Mineral exploitation creates jobs directly in operations.

Pilot questions 2.2
1. Which mineralis essential for steel production?
2. What mineral resource has historically been Nigeria’s major source of foreign exchange?
3. Name one way minerals contribute to government revenue.
4. Give one positive social impact of mineral exploitation.

5. Mention one negative social impact of mineral exploitation.

2.3 Mineral Prospecting And Exploration
2.3.1 Geological methods of exploration

Geological methods involve studying the surface features, rock formations, and structures to
identify areas likely to contain mineral deposits. Techniques include mapping, sampling, and
studying outcrops. These methods rely on the knowledge of rock types and their associations with

minerals. For example, gold is often found in quartz veins, while coal is associated with
sedimentary basins.
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GEOLOGICAL METHODS FOR MINERAL EXPLORATION
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Diagram showing geological mapping and sampling techniques. Figure 2.3: Geological methods of
mineral exploration

Fill in the blank: Gold is often found in veins.

2.3.2 Geophysical methods of exploration

Geophysical methods use instruments to measure variations in the physical properties of rocks
and minerals beneath the Earth’s surface. Common techniques include magnetic surveys,
electrical resistivity, seismic methods, and gravity surveys. These methods help detect hidden
mineral deposits without extensive drilling. For instance, magnetic surveys are useful for locating
iron ore deposits, while resistivity methods can identify groundwater and mineralised zones.
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Table 2.3: Selected geophysical methods and applications

Fillin the blank: Magnetic surveys are particularly usefulfor locating

2.3.3 Case studies of exploration in Nigeria

ore deposits.

e

Nigeria has witnessed several mineral exploration projects using both geological and geophysical
methods. For example, tin deposits in Jos Plateau were identified through geological mapping and
sampling, while coal deposits in Enugu were explored using stratigraphic studies. More recently,
geophysical surveys have been employed to locate gold and iron ore deposits in different regions.
These case studies highlight the.importance of combining methods to achieve accurate results.
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Photographs of tin mining in Jos Plateau and coal explorationin Enugu. Plate 2.1: Case stud/es of
mineral exploration in Nigeria

Fillin the blank: Tin deposits in Nigeria were identified through geological mapping in the
Plateau.

Pilot questions 2.3
1. Whatis the main focus of geologicalmethods of mineral exploration?
2. Which mineralis commonly associated with quartz veins?
3. Name two geophysical methods used in mineral exploration.
4. What property does a gravity survey measure?

5. ~Which Nigerian region is known for tin deposits?

2.4 Challenges And Sustainable Development
2.4.1 Environmental impacts of resource exploitation

Mining and resource exploitation often lead to significant environmental impacts, including
deforestation, soil erosion, water pollution, and loss of biodiversity. For example, open-pit mining
can drastically alter landscapes, while improper waste disposal contaminates rivers and
groundwater. These impacts reduce the quality of life for nearby communities and can cause long-
term ecological damage if not managed responsibly.
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ENVIRONMENTAL IMPACTS OF MINING: PROCESSES & CONSEQUENCES
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Diagram showing environmental impacts of mining (deforestation, water pollution, soil erosion).
Figure 2.4: Environmental impacts of resource exploitation

Fillin the blank: Open-pit mining can drastically alter

2.4.2 Policy and governance issues

Effective policy and governance are crucial in managing mineral resources. Weak regulatory
frameworks often lead to illegal mining, corruption, and poor environmental practices. Strong
governance ensures that mineral exploitation benefits the nation through proper taxation, royalties,
and community development. Nigeria, for instance, has established mining laws and regulatory
agencies, but enforcement remains a challenge in some regions.
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| COVERNANCE ISSUES IN RESOURCE EXTRACTION
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Box 2.3: Key governance issues in mining

Fillin the blank: Weak regulatory frameworks often lead to illegal

2.4.3 Sustainable approaches to resource management

Sustainable resource management involves balancing economic benefits with environmental
protection and social responsibility. Approaches include adopting cleaner technologies, recycling
water, rehabilitating mined land, and involving communities in decision-making. International best
practices emphasise transparency, accountability, and long-term planning to ensure that mineral
wealth contributes to sustainable development rather than short-term gains.
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COMMUNITY RESILIENCE
& RESOURCE MANAGEMENT

Dr. Anya Sharma
Director of Sustainable
Development

Table 2.4: Sustainable approaches to resource management

Fillin the blank: Restoring mined areas to a usable state is called land

Pilot questions 2.4
1. Name two environmental impacts of mining.
2. Whatis one governance issue that affects resource management?
3. Which approach.involves reusing water in mining operations?
4. Whatis the term for restoring mined areas to a usable state?

5. Why is community involvement important in sustainable resource management?

Series Summary

This Series has highlighted the importance of mineral resources in national development. We
began by examining energy, minerals, and water resources, focusing on their classification and
uses. We then explored how minerals contribute to industrialisation, economic growth, and social
impact. Following that, we studied methods of mineral prospecting and exploration, including
geological and geophysical techniques, supported by Nigerian case studies. Finally, we analysed
the challenges of resource exploitation and emphasised sustainable approaches to resource
management.

By completing this Series, you should now be able to classify energy, mineral, and water resources,
analyse the role of minerals in national development, evaluate exploration methods, and assess
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challenges while proposing sustainable solutions. These abilities directly align with the Series
Learning Outcomes (SLOs) and prepare you to critically engage with issues of resource
management in mining engineering.

Glossary of Terms

o Energyresources: Natural sources such as fossil fuels and renewables that provide power
for human activities.

¢ Geological methods: Exploration techniques based on studying surface features, rock
formations, and sampling.

¢ Geophysical methods: Exploration techniques using instruments to measure physical
properties of rocks and minerals.

e Governance: Systems and policies that regulate and manage mineral resource
exploitation.

o Metallic minerals: Minerals containing metals, such as iron, copper, and gold.

¢ Non-metallic minerals: Minerals without metallic elements; such as limestone and
gypsum.

¢ Resource exploitation: The extraction and use of natural resources for economic
purposes.

o Sustainable resource management: Practices that balance economic benefits with
environmental protection and social responsibility.

o Water resources: Natural supplies of water used in mining operations for drilling,
processing, and dust suppression.

Concept Check Questions [Series 2]
Objective questions
1. Which mineralis essential for cement production? (Linked to SLO 2.1)
2./ What survey method is particularly useful for locating iron ore deposits? (Linked to SLO 2.3)
3. Which Nigerian region is known for tin deposits? (Linked to SLO 2.3)
Short-answer questions
4. | Define metallic minerals and give one example. (Linked to SLO 2.1)
5. Explain one way minerals contribute to government revenue. (Linked to SLO 2.2)
6. Listtwo environmentalimpacts of mining. (Linked to SLO 2.4)
Long-answer questions

-
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7. Analyse the role of minerals in industrialisation, providing examples of their applications.
(Linked to SLO 2.2)

8. Evaluate sustainable approaches to resource management and explain why they are
important for national development. (Linked to SLO 2.4)

Answers to Concept Check Questions [Series 2]
Objective questions
1. Limestone.
2. Magnetic survey.
3. Jos Plateau.
Short-answer questions
4. Metallic minerals are minerals that contain metals, such asiron ore:
5. Minerals contribute to government revenue through taxes, royalties, and export earnings.
6. Deforestation and water pollution.
Long-answer questions

7. Basic response: Minerals such as iron ore and limestone are vital for industrialisation
because they support steel and cement production, which are essential for infrastructure
and manufacturing. Value-added response: Beyond these uses, minerals also drive
technological innovation, energy. generation, and export competitiveness, making them
central to sustainable industrial growth.

8. Basic response: Sustainable approaches include cleaner technologies, water recycling,
land rehabilitation, and community involvement. These practices reduce environmental
damage and ensure long-term resource availability. Value-added response: Sustainable
management also enhances transparency, accountability, and equitable distribution of
benefits, ensuring that mineral wealth contributes to national development rather than
short-term exploitation.

Answers to Pilot Questions [Series 2]
Part 2.1

1. Seolar and wind.

2. Metallic, non-metallic, energy.

3. lronore, used in steel production.

4. Dirilling and dust suppression.

-
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5. Energy minerals.

Part2.2
6. lIronore.
7. Oil.

8. Taxes and royalties.
9. Job creation.
10. Community displacement.
Part2.3
11. Studying surface features and rock formations.
12. Gold.
13. Magnetic survey, resistivity survey.
14. Density variations.
15. Jos Plateau.
Part2.4
16. Deforestation and water pollution.
17. Illegal mining.
18. Water recycling.
19. Rehabilitation.
20. It ensures local communities benefit and supports long-term sustainability.
References and Attributions [Series 2]

o _Figure 2.1: Classification of energy resources. Suggested Al prompt: “Generate a labelled
diagram comparing fossil fuel and renewable energy resources.” Search string: “energy
resources classification diagram OER”.

o Table 2.1: Classification of mineral resources. Suggested Al prompt: “Generate a table
showing classification of mineral resources with examples and uses.” Search string:
“classification of mineral resources OER geology”.

e Box2.1: Uses of water in mining. Suggested Al prompt: “Generate a text box summarising
the uses of water in mining.” Search string: “water use in mining OER geology”.

-
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e Figure 2.2: Role of minerals in industrialisation. Suggested Al prompt: “Generate a labelled
diagram showing minerals linked to industries such as construction, manufacturing, and
energy.” Search string: “minerals industrialisation diagram OER”.

e Table 2.2: Contribution of minerals to national revenue. Suggested Al prompt: “Generate a
table showing examples of mineral resources and their contribution to national
economies.” Search string: “economic contribution of minerals OER”.

e Box2.2: Social impacts of mineral exploitation. Suggested Al prompt: “Generate a text box
summarising positive and negative social impacts of mineral exploitation.” Search string:
“social impacts of mining OER”.

e Figure 2.3: Geological methods of mineral exploration. Suggested Al prompt: “Generate a
labelled diagram showing geological mapping, rock sampling, and outcrop study for
mineral exploration.” Search string: “geological methods mineral exploration OER”.

e Table 2.3: Selected geophysical methods and applications. Suggested Al prompt:
“Generate a table showing geophysical methods, properties measured, and applications.”
Search string: “geophysical methods mineral exploration OER”:

o Plate 2.1: Case studies of mineral exploration in Nigeria. Suggested Al prompt: “Generate
labelled photographs of tin mining in Jos Plateau and coal exploration in Enugu.” Search
string: “Nigeria mineral exploration tin Jos coal Enugu OER”.

e Figure 2.4: Environmental impacts of resource exploitation. Suggested Al prompt:
“Generate a labelled diagram showing environmental impacts of mining such as
deforestation, soil erosion, and water pollution.” Search string: “environmental impacts of
mining diagram OER”.

o Box2.3: Key governance issues in mining. Suggested Al prompt: “Generate a text box
summarising governance issues in mining.” Search string: “governance issues mining
Nigeria OER”.

e Table 2.4: Sustainable approaches to resource management. Suggested Al prompt:
“Generate a table showing sustainable approaches to resource management with
examples.” Search string: “sustainable mining practices OER”.

Series 3: Mining Methods And Technologies

Series outline

e Part 3.1: Surface Mining Methods

-
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o 3.1.1 Open-pit mining
o 3.1.2 Strip mining
o 3.1.3 Quarrying
e Part 3.2: Underground Mining Methods
o 3.2.1 Room-and-pillar mining
o 3.2.2 Longwall mining
o 3.2.3 Cut-and-fill mining
e Part 3.3: Mining Technologies And Equipment
o 3.3.1 Drilling and blasting technologies
o 3.3.2 Loading and hauling equipment
o 3.3.3 Ventilation and safety systems
e Part 3.4: Innovations And Future Trends
o 3.4.1 Automation and robotics in mining
o 3.4.2 Remote sensing and GIS applications

o 3.4.3 Sustainable and/eco-friendly mining technologies

Introduction

Mining methods and technologies form the practical core of mining engineering. They determine
how mineral resources are extracted, processed, and delivered for industrial use. From traditional
surface mining to advanced underground techniques, and from heavy machinery to cutting-edge
automation, these methods shape the efficiency, safety, and sustainability of mining operations.
This Series will guide you through the essential methods and emerging technologies that define
modern mining practice.

The aim of this Series is to equip you with the knowledge to describe and compare mining methods,
evaluate the technologies and equipment used, and appreciate innovations that are transforming
the industry.

We shall commence this Series by examining surface mining methods such as open-pit mining,
strip mining, and quarrying. Next, we will move on to underground mining methods, including
room-and-pillar, longwall, and cut-and-fill techniques. Following that, we will explore mining
technologies and equipment, focusing on drilling, blasting, hauling, and safety systems. Finally, we

-
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will conclude with innovations and future trends, highlighting automation, remote sensing, and
sustainable mining technologies.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 3.1 describe and compare major surface mining methods,
e SLO 3.2 explain key underground mining methods and their applications,
e SLO 3.3 evaluate mining technologies and equipment used in extraction and safety,

e SLO 3.4 analyse innovations and future trends in mining, includingautomation and
sustainability.

3.1 Surface Mining Methods
3.1.1 Open-pit mining

Open-pit mining is a surface mining technique where large pits are excavated to extract minerals
close to the Earth’s surface. Itis commonly used for minerals such as copper, iron, and gold. The
method involves drilling, blasting, and hauling materials, and is efficient for large-scale operations.
However, it can cause significant environmental impacts, including landscape alteration and dust
pollution.

' Ny = ’,‘ » " > ety TN "lv —
Diagram showing stages of open-pit mining (drilling, blasting, hauling). Figure 3.1: Stages o
pit mining

fopen-

-
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Fillin the blank: Open-pit mining is commonly used to extract minerals such as , iron, and
gold.

3.1.2 Strip mining

Strip mining is a method used to extract minerals that lie in horizontal beds near the surface, such
as coal and lignite. It involves removing layers of soil and rock (overburden) to expose the mineral
seam. This method is cost-effective but often leads to deforestation and soil erosionzReclamation
of mined land is essential to reduce environmental damage.

CROSS-SECTION OF PROGRESSIVE STRIP MINING & RECLAMATION

NE 6: ZONE 5: ZONE 4: ZONE 3: ZONE 2: ZONE 1: ORIGINAL
@ REHABILITATION BACKFILLING @ COAL @ STRIPPING & @ OVERBURDEN @ LAND LAND SURFACE
& REVEGETATION EXTRACTION SPOIL HANDLING DRILLING & BLASTING PREPARATION

—~” & REGRADING

RECLAIMED LAND USE G ORI NED L ARD B NATORAL
"z = FRAGMENTED VEGETATION
" T o \ <0l OVERBURDEN TOP ORE/SOIL by

REMOVAL

o ACTIVEPIT.

AL g e .
/ - ) VEGETATION.
LT~ N > i

<=  COAL SEAM

ZONE 6: ZONE 5: ZONE 4: i ZONE 3: N ZONE 2: A ZONE 1: :
@ REHABILITATION | BACKFILLING H COAL i o STRIPPING & ; @ OVERBURDEN e LAND | ORIGINAL

& REVEGETATION & REGRADING i EXTRACTION - SPOIL HANDLING DRILLING & BLASTING ! PREPARATION ' LAND SURFACE

BEFORE MINING AFTER RECLAMATION @@
(IDEALIZED CROSS-SECTION) (SUCCESSFUL SITE RESTORATION)
T i MINING PROCESS FLOW ) RE-ESTABLISHED
SURFACE DRAINAGE

IOE3OIL <= RIGHT FROM RIGHT Rar . L e

== RIGHT SABRIL OF RECONSTRUCTED — = E-ESTABLISHED
PREPARATION SOIL PROFILE 3 EURFACE
MATERIAL HANDLING LALE
COAL SEAM [ SPOIL REUSE IN

MATERIAL TANDILING
AQUIFER (GROUNDWATER TABLE)

Photograph of a strip mining operation for coal. Plate 3.7: Strip mining for coal

Fillin the blank: Strip mining is commonly used to extract and lignite.

3.1.3 Quarrying

Quarrying is the process of extracting building materials such as limestone, granite, and marble
from shallow deposits. Unlike open-pit mining, quarrying is usually smaller in scale and focuses on
non-metallic minerals. Quarrying provides essential materials for construction but can lead to
noise pollution and dust hazards if not properly managed.
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GEOLOGY

4%, COMMON MATERIALS OBTAINED

THROUGH QUARRYING:
A Summary for OER Geology.

INTRUSIVE IGNEOUS ROCK,
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(silica sand).
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CONCRETE PRODUCTION, ASPHALT,

7 & nceREGATES () FOUNDATIONS D)\, GLASSMAKING & DRAINAGE % DRAINAGE.

MATERIALS OBTAINED i,

Box 3.1: Common materials obtained through quarrying

Fillin the blank: Quarrying is often usedto extract building materials such as limestone, granite,
and

Pilot questions 3.1
1. What is open-pit mining:and which minerals are commonly extracted using this method?
2. Which mining method is used for horizontal seams of coal?
3. Name two environmentalimpacts of strip mining.
4. What is'the main difference between quarrying and open-pit mining?

5. Listtwo materials. commonly obtained through quarrying.

3.2 Underground Mining Methods
3.2.1 Room-and-pillar mining

Room-and-pillar mining is a method where mineral deposits are extracted by creating a series of
rooms, leaving behind pillars of material to support the roof. This technique is commonly used for
flat-lying deposits such as coal and salt. It is relatively safe and efficient, but recovery rates are
lower because some material must remain as support pillars.
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ROOM-AND-PILLAR MINING LAYOUT
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Diagram showing layout of room-and-pillar mining. Figure 3.2: Room-and-pillar mining layout

Fillin the blank: In room-and-pillar mining, some material mustremain as to support the
roof.

3.2.2 Longwall mining

Longwall mining is a highly mechanised underground method used mainly for coal extraction. A
long wall of coal is mined in‘a single slice using specialised machinery, while hydraulic supports
prevent roof collapse. Once the coal is removed, the supports are withdrawn, and the roof is
allowed to collapsein a controlled manner. This method achieves high recovery rates and
efficiency but requires significantinvestment in equipment.
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DER |czimumon |  LONGWALL MINING MACHINERY IN COAL OPERATION: AN OER GEOLOGY RESOURCE. GEOLOGY
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Photograph of longwall mining machinery in operation. Plate 3.2: Longwall mining machinery

Fill in the blank: Longwall mining uses supports.to prevent roof collapse during extraction.

3.2.3 Cut-and-fill mining

Cut-and-fill mining is used for steeply dipping ore bodies. The ore is removed in horizontal slices,
and the void is filled with waste rock ortailings before the next slice is mined. This filling provides
support and reduces subsidence. Cut-and-fill mining is flexible and allows selective extraction,
making it suitable for high-value deposits, but it is labour-intensive and costly compared to other
methods.
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UNDERGROUND MINING METHOD: CUT-AND-FILL MINING - ADVANTAGES {Eiearmen
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Box 3.2: Advantages of cut-and-fill mining

Fillin the blank: Cut-and-fill mining is suitable for dipping ore bodies.

Pilot questions 3.2
1. Whatis the main principle of room-and-pillar mining?
2. Which underground mining method.is highly mechanised and used mainly for coal?
3. What supports are used in longwall mining to prevent roof collapse?
4. Why is cut-and-fill mining considered flexible?

5. Name'one disadvantage of cut-and-fill mining compared to other methods.

3.3 Mining Technologies And Equipment
3.3.1 Drilling and blasting technologies

Drilling and blasting are fundamental technologies in mining used to break rock for easier
extraction. Drilling creates holes into which explosives are placed, and blasting fragments the rock
mass. Modern blasting techniques aim to maximise efficiency while minimising vibration, dust, and
environmental impact. Controlled blasting is especially important in underground mines to
maintain stability.
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DRILLING & BLASTING SEQUENCE IN OPEN-PIT MINING
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Diagram showing drilling rigs and blasting sequence. Figure 3.3: Drilling and blasting process

Fillin the blank: Drilling creates holes into which

3.3.2 Loading and hauling equipment

are placed before blasting.

Loading and hauling equipment are used to move fragmented rock and minerals from the mining
site to processing plants. Common equipment includes excavators, loaders, haul trucks, and
conveyors. The choice of equipment depends on mine size, depth, and type of mineral. Efficient
hauling systems reduce costs and improve productivity, but they also require significant
investment and maintenance.
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HAUL TRUCKS IN OPEN-PIT MINING: AN OER GEOLOGY RESOURCE.  _OER

TYPIGAL HAUL TRUCK DIMENSIONS
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Photograph of haul trucks in an open- p|t mine. Plate 3 3: Haul trucks in'mining operations

Fillin the blank: Excavators, loaders, and haul trucks are. examples of equipment.

3.3.3 Ventilation and safety systems

Ventilation and safety systems are critical in underground mining to ensure worker health and
safety. Ventilation provides fresh.air, removes harmful gases, and controls temperature. Safety
systems include gas detectors, fire suppression equipment, and emergency exits. Modern mines
also use automated monitoring systems to detect hazards in real time, reducing risks and
improving response times.
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OER | OPEN EDUCATIONAL RESOURCE GEOLOGY | MINING ENGINEERING

Box 3.3: Key safety systems in underground mining

Fillin the blank: Ventilation in underground mining removes harmful and provides fresh
air.

Pilot questions 3.3
1. What s the purpose of blasting in mining?
2. Name two types of loading and hauling equipment.
3. Why is controlled blasting.important in underground mines?
4. Listtwofunctions of ventilation systems in underground mining.

5. Give one example of a modern safety system used in mining.

3.4 Innovations And Future Trends
3.4.1 Automation and robotics in mining

Automation and robotics are transforming mining operations by improving efficiency, safety, and
productivity. Automated drilling rigs, robotic haul trucks, and remote-controlled equipment reduce
human exposure to hazardous environments. These technologies also lower costs and increase
precision in mineral extraction.
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@ AUTOMATION & ROBOTICS IN MODERN MINING: AN OER GEOLLOGY RESOURCE.
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Diagram showing automated haul trucks and robotic drilling rigs. Figure 3.4: Automation in mining

operations

Fillin the blank: Automated trucks reduce human exposure to hazardous environments.

3.4.2 Remote sensing and GIS applications

Remote sensing and Geographic Information Systems (GIS) are widely used in modern mining
for exploration, monitoring,/and planning. Remote sensing provides satellite imagery to identify
mineral-rich zones,while GIS integrates spatial data to manage mining operations. These tools
improve accuracy, reduce costs, and:support environmental monitoring.
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REMOTE SENSING & GIS FOR MINERAL EXPLORATION
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Satellite image showing mineral exploration using GIS overlays. Plate 3.4: Remote sensing and GIS

in mining

Fillin the blank: Remote sensing provides

imagery to identify mineral-rich zones.

3.4.3 Sustainable and eco-friendly mining technologies

Sustainable mining technologies aim to reduce environmental damage and promote long-term
resource management. Examples include dust suppression systems, water recycling, renewable
energy integration, and eco-friendly blasting techniques. These innovations help mining companies
meet global sustainability standards and improve community relations.
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GEOLOGY | MINING ENGINEERING | OER
@ EXAMPLES OF SUSTAINABLE MINING TECHNOLOGIES
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Box 3.4: Examples of sustainable mining technologies
Fill in the blank: Using renewable energy in mining operations is an example of mining
technology.
Pilot questions 3.4

1. Whatis one benefit of automation in mining?

2. Which technology integrates spatial data for mining operations?
3. Name two examples of sustainable mining technologies.

4. How does remote sensing support mineral exploration?

5. Why is eco-friendly blasting important in modern mining?

Series Summary

This Series has explored the practical methods and technologies that underpin modern mining. We
began with surface mining methods such as open-pit mining, strip mining, and quarrying,
highlighting their applications and environmental impacts. We then examined underground mining
methods, including room-and-pillar, longwall, and cut-and-fill techniques, noting their suitability
for different ore bodies. Following this, we studied mining technologies and equipment, focusing
on drilling, blasting, hauling, and ventilation systems. Finally, we looked at innovations and future
trends, including automation, robotics, remote sensing, GIS, and sustainable mining technologies.
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By completing this Series, you should now be able to describe and compare surface and
underground mining methods, evaluate the technologies and equipment used in extraction and
safety, and analyse innovations that are shaping the future of mining. These outcomes align
directly with the Series Learning Outcomes (SLOs), equipping you with both foundational and
forward-looking knowledge in mining engineering.

Glossary of Terms

¢ Automation: The use of machines and robotics to perform mining tasks with minimal
human intervention.

e Blasting: The process of breaking rock using explosives placed in drilled holes.

e Cut-and-fill mining: An underground method where ore is removed in slices and voids are
filled with waste material.

o GIS (Geographic Information Systems): Technology thatintegrates spatial data for
exploration and mine planning.

¢ Longwall mining: A mechanised underground method where a long wall of coal is mined in
a single slice.

¢ Open-pit mining: A surface mining method involving excavation of large pits to extract
minerals.

e Quarrying: Extraction of building materials such as limestone, granite, and marble from
shallow deposits.

e Room-and-pillar mining: An underground method where rooms are mined and pillars left
to support the roof.

e Strip mining: A surface mining method used for horizontal seams of coal and lignite.

o Ventilation systems: Equipment used in underground mines to provide fresh air and
remove harmful gases.

Concept Check Questions [Series 3]
Objective questions

1. 'Which mining method is commonly used to extract coal from horizontal seams? (Linked to
SLO 38.1)

2. | What supports are used in longwall mining to prevent roof collapse? (Linked to SLO 3.2)
3. Whichtechnology provides satellite imagery for mineral exploration? (Linked to SLO 3.4)

Short-answer questions

4. Define quarrying and give one example of a material obtained through it. (Linked to SLO 3.1)

-
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5. Explain one advantage of cut-and-fill mining. (Linked to SLO 3.2)
6. Listtwo functions of ventilation systems in underground mining. (Linked to SLO 3.3)

Long-answer questions

7. Compare open-pit mining and strip mining, highlighting their applications and
environmental impacts. (Linked to SLO 3.1)

8. Evaluate the role of automation and sustainable technologies in shaping the future of
mining. (Linked to SLO 3.4)

Answers to Concept Check Questions [Series 3]
Objective questions

1. Strip mining.

2. Hydraulic supports.

3. Remote sensing.
Short-answer questions

4. Quarrying is the extraction of building materials from shallow deposits. Example: limestone
for cement.

5. Cut-and-fill mining reduces subsidence by filling voids with waste material.
6. Ventilation provides fresh airand removes harmful gases.

Long-answer questions

7. Basic response: Open-pit mining is used for large-scale mineral extraction like copper and
gold, while stripminingisused for horizontal seams such as coal. Both methods alter
landscapes and can cause environmental damage. Value-added response: Open-pit
mining creates massive pits and dust pollution, while strip mining often leads to
deforestation and soil erosion. Reclamation practices are essential in both to mitigate long-
term.impacts.

8. Basic response: Automation improves efficiency and safety, while sustainable
technologies reduce environmental damage. Value-added response: Automation and
robotics lower costs and human risk, while eco-friendly technologies such as renewable
ehergy integration and dust suppression systems align mining with global sustainability
goals, ensuring long-term viability.

Answers to Pilot Questions [Series 3]
Part 3.1
1. Open-pit mining; copper, iron, gold.

-
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2. Strip mining.
3. Deforestation and soil erosion.
4. Quarrying is smaller scale and focuses on building materials.
5. Limestone and granite.
Part 3.2
6. Leaving pillars to support the roof.
7. Longwall mining.
8. Hydraulic supports.
9. It allows selective extraction and reduces subsidence.
10. Labour-intensive and costly.
Part 3.3
11. To fragment rock for easier extraction.
12. Excavators and haul trucks.
13. To maintain stability and reduce risks.
14. Provide fresh air and remove harmful gases.
15. Gas detection systems.
Part 3.4
16. Improved efficiency and safety.
17. GIS.
18. Dust suppression and water recycling.
19. Byidentifying mineral-rich zones.
20. It reduces environmental damage and supports sustainability.
References and Attributions [Series 3]

e  Figure 3.1: Stages of open-pit mining. Suggested Al prompt: “Generate a labelled diagram
showing stages of open-pit mining including drilling, blasting, and hauling.” Search string:
“open pit mining diagram OER geology”.

e Plate 3.1: Strip mining for coal. Suggested Al prompt: “Generate a labelled photograph of a
strip mining operation for coal.” Search string: “strip mining coal OER geology”.

-
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e Box3.1: Common materials obtained through quarrying. Suggested Al prompt: “Generate a
text box summarising common materials obtained through quarrying.” Search string:
“quarrying materials limestone granite marble OER”.

e Figure 3.2: Room-and-pillar mining layout. Suggested Al prompt: “Generate a labelled
diagram showing the layout of room-and-pillar mining with rooms and supporting pillars.”
Search string: “room and pillar mining diagram OER geology”.

e Plate 3.2: Longwall mining machinery. Suggested Al prompt: “Generate a labelled
photograph of longwall mining machinery in operation.” Search string: “longwall mining
machinery coal OER”.

e Box 3.2: Advantages of cut-and-fill mining. Suggested Al prompt: “Generate a text box
summarising advantages of cut-and-fill mining.” Search string: “cut and fill mining
advantages OER geology”.

o Figure 3.3: Drilling and blasting process. Suggested Al prompt: “Generate a labelled
diagram showing drilling rigs and blasting sequence in mining.” Search string: “drilling
blasting mining diagram OER”.

e Plate 3.3: Haul trucks in mining operations. Suggested Al prompt: “Generate a labelled
photograph of haul trucks in an open-pit mine.” Search string: “haul trucks mining OER

geology”.

e Box3.3: Key safety systems in‘'underground mining. Suggested Al prompt: “Generate a text
box summarising key safety systems in underground mining.” Search string: “ventilation
safety systems underground mining OER”.

e Figure 3.4: Automation in mining operations. Suggested Al prompt: “Generate a labelled
diagram showing automated haul trucks and robotic drilling rigs in mining.” Search string:
“automation robotics mining diagram OER”.

o Plate 3.4: Remote sensing and GIS in mining. Suggested Al prompt: “Generate a labelled
satellite image showing mineral exploration using GIS overlays.” Search string: “remote
sensing GIS mining OER geology”.

o Box 3.4: Examples of sustainable mining technologies. Suggested Al prompt: “Generate a
text box summarising examples of sustainable mining technologies.” Search string:
“sustainable mining technologies OER geology”.
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Series 4: Mine Operations, Surveying and Environmental
Impact
Series outline
e Part4.1: Mine Operations
o 4.1.1 Mine planning and design
o 4.1.2 Production processes and scheduling
o 4.1.3 Health and safety in mine operations
e Part4.2: Mine Surveying
o 4.2.1 Principles of mine surveying
o 4.2.2 Surveying instruments and techniques
o 4.2.3 Applications of surveying in mine planning and monitoring
e Part4.3: Environmental Impact of Mining
o 4.3.1 Types of environmental impacts (land, water, air, biodiversity)
o 4.3.2 Environmental management and mitigation measures
o 4.3.3 Case studies of environmentalimpact in mining regions
e Part4.4: Sustainable Mining Practices
o 4.4.1 Principles of sustainability in mining
o 4.4.2 Cleaner technologies and rehabilitation

o 4.4.3Community participation and corporate responsibility

Introduction

Mine operations, surveying, and environmental impact are central aspects of mining engineering.
Efficient mine operations ensure productivity and safety, while surveying provides the accurate
measurements needed for planning and monitoring. At the same time, mining activities inevitably
affect the environment, making it essential to adopt sustainable practices. This Series will help you
understand how mines are operated, how surveying supports mining, and how environmental
impacts can be managed responsibly.

-
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The aim of this Series is to enable you to describe mine operations, explain the principles and
applications of mine surveying, analyse environmental impacts of mining, and evaluate
sustainable mining practices.

We shall commence this Series by examining mine operations, including planning, production
processes, and safety. Next, we will move on to mine surveying, focusing on instruments,
techniques, and applications. Following that, we will explore the environmental impacts of mining,
considering land, water, air, and biodiversity. Finally, we will conclude with sustainable mining
practices, highlighting cleaner technologies, rehabilitation, and community participation.

Series Learning Outcomes

Upon completing this Series, you should be able to:
e SLO 4.1 describe mine operations, including planning, production, and safety measures,
e SLO 4.2 explain the principles and techniques of mine surveying and theirapplications,
e SLO 4.3 analyse the environmental impacts of mining and propose mitigation measures,

e SLO 4.4 evaluate sustainable mining practices; including rehabilitation and community
involvement.

4.1 Mine Operations
4.1.1 Mine planning and design

Mine planning and design involve determining how a mineral deposit will be extracted efficiently
and safely. It includes feasibility studies, layout design, and scheduling of operations. Proper
planning ensures maximum resource recovery, cost-effectiveness, and minimal environmental
impact.

-
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STAGES OF MINE PLANNING & DESIGN: FROM DISCOVERY TO OPERATION (0ER Resource)
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FEASIBILITY STUDIES:
TECHNO-ECONOMIC EVALUATION

1. ORE PROCESSING METALLURGY
2. OPEN-PIT vs UNDERGROUND

MINING METHOD (Major decision gates)
3. FINANCIAL MODELLING (CAPEX/OPEX)
4. RISK ANALYSIS (ESG/Market)

—_—
1. ORE PROCESSING
METALLURGY

2. OPENPITvs
UNDERGROUND

3. FINANCIAL MODELLING
CAPEX/OPEX)

Goal: Determine if the project is financially

\ viable and acceptable. Major decisicn gates. |

SEQUENTIAL DECISION MAKING

DEESNRECTION MAXING

DESIGN & ENGINEERING:
DETAILED CONSTRUCTION PLAN

1. MINE INFRASTRUCTURE (POWER, WATER)
2. STOPE/PIT GEOMETRY DESIGN

3. VENTILATION & HAULAGE SYSTEMS
4. PERMITTING & APPROVALS

+
VENTILATION &
HAULAGE SYSTEMS

Goal: Develop a precise plan for construction

\and operation. Integrated team work.

SEQUENTIAL DECISION MAKING

OCESPAECTION MAXING

OPERATION:
EXTRACTION & CLOSURE

1. PROGRESSIVE EXCAVATION

2. ORE PROCESSING

3. REHABILITATION concurrently

4, CLOSURE & POST-MINING MONITORING

Goal: Produce ore safely and efficiently,
then restore land. Dynamic adjustments.

4

Dynamic process, feedback loops occur. Data increases with stages.

Diagram showing stages of mine planning (exploration, feasibility, design, operation). Figure 4.1:
Stages of mine planning and design

Fillin the blank: Mine planning ensures maximum resource and cost-effectiveness.
4.1.2 Production processes and scheduling

Production processes in mining.include drilling, blasting, loading, hauling, and processing of
minerals. Scheduling ensures that these processes are coordinated to meet production targets.
Efficient scheduling reduces downtime, optimises equipment use, and improves productivity.
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Table 4.1: Key production processes in mining

Fillin the blank: Haul trucks and conveyors are used in the process.

4.1.3 Health and safety in mine operations

Health and safety are critical in mine operations to protect workers from hazards such as dust,
noise, gas emissions, and accidents. Safety measures include personal protective equipment
(PPE), training, emergency response plans, and monitoring systems. Modern mines also use
automated safety technologies to reduce risks.
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'KEY HEALTH & SAFETY MEASURES IN MINING: A SUMMARY (OER)
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0ER GEOLOGY | MINING ENGINEERING NG

Box 4.1: Key health and safety measures in mining

Fillin the blank: Helmets, masks, and boots are.examples of personal equipment.

Pilot questions 4.1
1. Whatis the purpose of mine planning and design?
2. Name two key production processes in mining.
3. Why is scheduling important in mine operations?
4. Listtwo health and safety measures used in mining.

5. What does PPE stand for in mining safety?

4.2 Mine Surveying
4.2.1 Principles of mine surveying

Mine surveying provides accurate measurements of mine layouts, boundaries, and underground
workings. It ensures that mining operations are conducted safely and efficiently. Surveying
principles include establishing reference points, measuring angles and distances, and mapping
underground tunnels. These measurements guide mine planning, prevent boundary disputes, and
support safety monitoring.
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PRINCIPLES OF MINE SURVEYING: A SUMMARY (OER)
SURFACE CONTROL NETWORK e IS

TOTAL STATION
surface

GEODETIC CONTROL = s e station ST
POINT (GCP) e - ; JiLY

Establish permanent reference points.
*Link surface to underground. | &9
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coordinates ; -
- < . - CONCEPT

LEVELING:
Determines elevations

Diagram showing basic principles of mine surveying (reference points, angles, distances). Figure
4.2: Principles of mine surveying

Fillin the blank: Mine surveying ensures mining operations are conducted safely and

4.2.2 Surveying instruments and techniques

Surveying relies on specialisedinstruments such as theodolites, total stations, GPS devices, and
laser scanners. Techniques'include triangulation, traversing, and levelling. Modern mines
increasingly use digital surveying tools for higher accuracy and efficiency. These instruments and
techniques are essential for mappingunderground workings and monitoring ground movement.
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OER GEOLOGY | MINING ENGINEERING

SOURCE: Fictional OER Compilation

Table 4.2: Surveying instruments and applications

Fillin the blank: A scanner is used to capture 3D images in mine surveying.

4.2.3 Applications of surveying in mine planning and monitoring

Surveying supports mine planning by providing accurate maps of deposits, boundaries, and
infrastructure. It also plays a role.in monitoring subsidence, slope stability, and ventilation
pathways. In underground mines, surveying ensures tunnels are aligned correctly and prevents
accidents. In surface mines, it helps track excavation progress and manage waste dumps.
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APPLICATIONS OF MINE SURVEYING IN PLANNING OER
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Box 4.2: Applications of mine surveying

Fillin the blank: Surveying helps monitor subsidence and stability in mining operations.

Pilot questions 4.2
1. Whatis the main purpose of mine surveying?
2. Name two instruments usedin mine surveying.
3. Which surveying technique measures angles and distances?
4. Listtwo applications of mine surveying in mine planning.

5. Whatinstrument is used to capture 3D images in surveying?

4.3 Environmental Impact of Mining

4.3.1 Types of environmental impacts

Mining activities can cause several environmental impacts, including:
e < Land degradation (deforestation, soil erosion, loss of arable land)
e Water pollution (acid mine drainage, contamination of rivers and groundwater)
e Air pollution (dust, gas emissions from blasting and machinery)

e Biodiversity loss (displacement of plants and animals)
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GEOLOGY | MINING ENGINEERING | SUSTAINABILITY 0 ms
o ER FIGURE 5-10 | MULTI-FACETED MINING IMPACTS | SOURCE: OER Compilation (?rﬁ
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Diagram showing types of environmental impacts of mining (land, water, air, biodiversity). Figure
4.3: Types of environmental impacts of mining

Fillin the blank: Acid mine drainage is a form of pollution caused by mining.

4.3.2 Environmental management and mitigation measures

To reduce environmental damage, mining companies adopt management and mitigation
measures such as:

e Land reclamation and reforestation
¢ Water treatment systems to prevent contamination
o Dust suppression and emission control technologies

e _Biodiversity conservation programs
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FIGURE 5-11 | ENVIRONMENTAL MITIGATION SUMMARY | SOURCE: OER Compilation
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Box 4.3: Environmental management measures in mining

Fillin the blank: Reforestation is a key measure.in land after mining.

4.3.3 Case studies of environmentalimpact in mining regions

Case studies highlight the real-world consequences of mining:
¢ Jos Plateau, Nigeria: Tin mining led to severe land degradation and loss of farmland.
¢ Enugu, Nigeria:Coal mining caused deforestation and water contamination.

e South Africa: Gold mining resulted in acid mine drainage affecting rivers and communities.
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ENVIRONMENTAL IMPACTS OF MINING: COMPARATIVE CASE STUDIES
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Photographs of mining impacts in Jos Plateau, Enugu, and South Africa. Plate 4.1: Case studies of
environmental impact in mining regions

Fillin the blank: Tin mining in the Plateau led to severe land degradation.

Pilot questions 4.3
1. Name two types of environmentalimpacts caused by mining.
2. Whatis acid mine drainage an example of?
3. Listtwo environmental management measures used in mining.
4. Why is reforestationimportant in land reclamation?

5. Give one example of a mining region affected by environmental impacts.

4.4 Sustainable Mining Practices
4.4.1 Principles of sustainability in mining

Sustainability in mining means balancing economic benefits with environmental protection and
social responsibility. It ensures that mining activities meet present needs without compromising
future generations. Principles include resource efficiency, pollution reduction, and equitable
community benefits.
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LONG-TERM FRAMEWORK FOR MINING OPERATIONS

< CONCEPTUAL LIFE CYCLE OF A MINE
Diagram showing the three pillars of sustainability (economic, environmental, social). Figure 4.4:
Principles of sustainability in mining

v

Fill in the blank: Sustainability in mining balances economie, environmental, and factors.

4.4.2 Cleaner technologies and rehabilitation

Cleaner technologies reduce pollution and waste in mining operations. Examples include dust
suppression systems, water recycling, and renewable energy integration. Rehabilitation involves
restoring mined land to a usable state through reforestation, landscaping, and soil treatment.
These practices reduce long-term environmental damage and improve community relations.
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CLEANER TECHNOLOGIES AND REHABILITATION PRACTICES IN MINING
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LONGER NEEDED, SPREADING COSTS REGIONAL ENVIRONMENT, CREATE TO RESTORE ORIGINAL LANDSCAPE | FINANCIAL BONDS TO [
ACROSS THE MINE'S LIFE CYCLE STABLE SLOPES, & CONTROL EROSION VALUES & BIODIVERSITY GUARANTEE OBLIGATIONS

Box 4.4: Examples of cleaner technologies and rehabilitation

Fillin the blank: Restoring mined land to a usable state is called land

4.4.3 Community participation and corporate responsibility

Community participation ensures that local populations benefit from mining activities. This
includes employment opportunities, infrastructure development, and consultation in decision-
making. Corporate responsibility requires mining companies to operate transparently, respect

human rights, and invest in social programs. Together, these approaches build trust and promote
sustainable development.
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Photograph showing community development pro;ects funded by mlnlng companles Plate 4.2:
Community participation in mining regions

Fillin the blank: Corporate responsibility requires mining companies to operate and invest
in social programs.

Pilot questions 4.4
1. What are the three pillars of sustainability in mining?
2. Name two examples of cleaner technologies used in mining.
3. Whatis the purpose of rehabilitation in mining?
4. Why is community participation important in sustainable mining?

5. \What does corporate responsibility require from mining companies?

Series Summary

This Series has examined the operational, technical, and environmental dimensions of mining. We
began'with mine operations, focusing on planning, production processes, and safety. We then
explored mine surveying, covering principles, instruments, and applications in planning and
monitoring. Next, we analysed environmental impacts of mining, including land degradation, water
pollution, air pollution, and biodiversity loss, alongside mitigation measures and case studies.
Finally, we studied sustainable mining practices, highlighting principles of sustainability, cleaner
technologies, rehabilitation, and community participation.
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By completing this Series, you should now be able to describe mine operations, explain surveying
techniques, analyse environmental impacts, and evaluate sustainable practices. These outcomes
align with the Series Learning Outcomes (SLOs) and prepare you to critically engage with the
operational and environmental challenges of mining engineering.

Glossary of Terms

Acid mine drainage: Polluted water formed when sulfide minerals react with air.and water.

Corporate responsibility: The obligation of companies to operate transparently. and invest
in social programs.

Health and safety: Measures taken to protect workers from hazards in'mining operations.

Land reclamation: Restoring mined land to a usable state through reforestation and
landscaping.

Mine planning: Designing and scheduling mining operations for efficiency and safety.

Mine surveying: Measuring and mapping mine layouts, boundaries, and underground
workings.

Personal protective equipment (PPE): Safety gear such as helmets, masks, and boots.
Sustainability: Balancing economic, environmental, and social factors in mining.

Ventilation systems: Equipment used to provide fresh air and remove harmful gases in
underground mines.

Concept Check Questions [Series 4]

Objective questions

1.

2.

3.

Which process involves restoring mined land to a usable state? (Linked to SLO 4.4)
What instrument is used to measure angles in mine surveying? (Linked to SLO 4.2)

Acid minedrainage is an example of which type of pollution? (Linked to SLO 4.3)

Short-answer questions

4.

5.

6.

Define mine planning and state its purpose. (Linked to SLO 4.1)
Listtwo health and safety measures used in mining. (Linked to SLO 4.1)

Name two applications of mine surveying in mine planning. (Linked to SLO 4.2)

Long-answer questions

7.

-

Analyse the environmental impacts of mining, providing examples from case studies.
(Linked to SLO 4.3)

o)
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8. Evaluate sustainable mining practices and explain their importance for community
development. (Linked to SLO 4.4)

Answers to Concept Check Questions [Series 4]
Objective questions

1. Land reclamation.

2. Theodolite.

3. Water pollution.
Short-answer questions

4. Mine planning involves designing and scheduling mining operations to ensure efficiency,
safety, and maximum resource recovery.

5. Use of PPE and emergency response planning.
6. Mapping mineral deposits and monitoring subsidence.
Long-answer questions

7. Basic response: Mining causes land degradation, water pollution, air pollution, and
biodiversity loss. For example, tin mining in'Jos Plateau led to farmland loss, while coal
mining in Enugu caused deforestation. Value-added response: Gold mining in South Africa
resulted in acid mine drainage, affecting rivers and communities. These impacts highlight
the need for strong environmental management measures.

8. Basic response: Sustainable practices include cleaner technologies, rehabilitation, and
community participation. They reduce environmental damage and improve social
outcomes. Value-added response: By integrating renewable energy, water recycling, and
corporate responsibility, mining companies can align with global sustainability standards
and foster trust with local communities.

Answers to Pilot Questions [Series 4]

Part 4.1
1. To ensure efficient, safe, and cost-effective extraction.
2.. Drilling and blasting.
3./ It coordinates processes to meet production targets.
4. PPE and hazard monitoring systems.
5. Personal protective equipment.

Part 4.2

-

o)
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6. To provide accurate measurements of mine layouts.
7. Theodolite and GPS device.
8. Total station.
9. Mapping deposits and monitoring slope stability.
10. Laser scanner.
Part4.3
11. Land degradation and water pollution.
12. Water pollution.
13. Land reclamation and dust suppression.
14. It restores ecosystems and farmland.
15. Jos Plateau.
Part4.4
16. Economic, environmental, and social.
17. Dust suppression and water recycling.
18. To restore mined land to a usable state.
19. It ensures locals benefit and builds trust.
20. Transparency and investment.in social programs.
References and Attributions [Series 4]

o Figure 4.1: Stages of mine planning and design. Suggested Al prompt: “Generate a labelled
diagram showing stages of mine planning: exploration, feasibility, design, and operation.”
Search string: “mine planning design stages diagram OER”.

o [ Table 4.1: Keyproduction processes in mining. Suggested Al prompt: “Generate a table
showing key production processes in mining with descriptions and examples.” Search
string: “mining production processes scheduling OER”.

e Box4.1: Key health and safety measures in mining. Suggested Al prompt: “Generate a text
box summarising key health and safety measures in mining.” Search string: “health safety
measures mining OER”.

e Figure 4.2: Principles of mine surveying. Suggested Al prompt: “Generate a labelled
diagram showing principles of mine surveying with reference points, angles, and
distances.” Search string: “principles of mine surveying diagram OER”.

-
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o Table 4.2: Surveying instruments and applications. Suggested Al prompt: “Generate a table
showing surveying instruments, their functions, and applications in mining.” Search string:
“mine surveying instruments techniques OER”.

e Box4.2: Applications of mine surveying. Suggested Al prompt: “Generate a text box
summarising applications of mine surveying in planning and monitoring.” Search string:
“applications mine surveying OER geology”.

e Figure 4.3: Types of environmental impacts of mining. Suggested Al prompt: “Generate a
labelled diagram showing land, water, air, and biodiversity impacts of mining.” Search
string: “environmental impacts mining diagram OER”.

e Box4.3: Environmental management measures in mining. Suggested Al prompt: “Generate
a text box summarising environmental management measures in mining.” Search string:
“environmental management mining mitigation OER”.

o Plate 4.1: Case studies of environmental impact in mining regions. Suggested Al prompt:
“Generate labelled photographs showing environmental impacts:of tin mining in Jos
Plateau, coal mining in Enugu, and gold mining in South Africa.” Search string:
“environmental impact mining Nigeria South Africa OER”.

e Figure 4.4: Principles of sustainability in mining. Suggested Al prompt: “Generate a labelled
diagram showing the three pillars of sustainability in mining: economic, environmental, and
social.” Search string: “sustainability principles mining diagram OER”.

e Box4.4: Examples of cleaner technologies and rehabilitation. Suggested Al prompt:
“Generate a text box summarising cleaner technologies and rehabilitation practices in
mining.” Search string: “cleaner technologies rehabilitation mining OER”.

o Plate 4.2: Community participation in mining regions. Suggested Al prompt: “Generate a
labelled photograph showing community development projects funded by mining
companies:” Search string: “community participation corporate responsibility mining
OER”|

Series 5: Mineral Processing, Allied Disciplines and Legal
Framework
Series outline
¢ Part5.1: Fundamentals of Mineral Processing
o 5.1.1 Comminution (crushing and grinding)

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



o 5.1.2 Concentration methods (gravity, flotation, magnetic separation)
o 5.1.3 Dewatering and tailings management
e Part5.2: Allied Disciplines in Mining
o 5.2.1 Geology and mineral exploration
o 5.2.2 Metallurgy and materials science
o 5.2.3 Environmental science and engineering links
e Part5.3: Legal and Regulatory Framework
o 5.3.1 Mining laws and policies (national and international)
o 5.3.2 Licensing, permits, and compliance
o 5.3.3 Governance, transparency, and community rights
e Part5.4: Emerging Issues and Future Directions
o 5.4.1 Green mineral processing technologies
o 5.4.2 International standards and best practices

o 5.4.3 Digitalisation and data-driven mining governance

Introduction

Mineral processing, allied disciplines, and the legal framework form the integrative backbone of
mining engineering..Mineral processing ensures that raw ores are transformed into usable
products through.crushing, grinding, concentration, and dewatering. Allied disciplines such as
geology, metallurgy, and environmental science provide the scientific and technical support
needed for efficient and sustainable mining. Finally, the legal framework governs mining activities
through'laws, regulations, and policies, ensuring compliance, transparency, and community rights.

The aim of this Series is to equip you with the knowledge to explain mineral processing
fundamentals, understand the role of allied disciplines, analyse the legal and regulatory
framework, and evaluate emerging issues and future directions in mining.

We shall commence this Series by examining the fundamentals of mineral processing, including
comminution, concentration, and dewatering. Next, we will move on to allied disciplines,
highlighting geology, metallurgy, and environmental science. Following that, we will explore the
legal and regulatory framework, focusing on mining laws, licensing, and governance. Finally, we
will conclude with emerging issues and future directions, including green technologies,
international standards, and digitalisation.

-
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Series Learning Outcomes
Upon completing this Series, you should be able to:

e SLO 5.1 describe the fundamentals of mineral processing, including comminution,
concentration, and dewatering,

e SLO 5.2 explain the role of allied disciplines such as geology, metallurgy, and
environmental science in mining,

e SLO 5.3 analyse the legal and regulatory framework governing mining operations,

e SLO 5.4 evaluate emerging issues and future directions in mineral processing and mining
governance.

5.1 Fundamentals of Mineral Processing
5.1.1 Comminution (crushing and grinding)

Comminution is the process of reducing the size of ore particles to liberate valuable minerals. It
involves crushing (breaking large rocks into'smaller fragments) and grinding (reducing fragments
into fine particles). Crushing is typically done with jaw or gyratory crushers, while grinding uses ball
mills or rod mills. Efficient comminution is critical for downstream concentration processes.

STAGES OF COMMINUTION IN MINERAL PROCESSING (e ] . 0 —

STAGE 1: CRUSHING (SIZE REDUCTION) STAGE 2: GRINDING (LIBERATION) STAGE 3: FINE PARTICLES
(PRODUCT PREPARATION)
;EED JAW CRUSHER CLOSED CIRCUIT
_l ”.—’ (@ TR HYDROCYCLONE .
e S CRUSHING " — mckengn FTER PRESS
(ROM) ORE (RECYCLED) s
ol | o . o\
Sincur ' ' U
CECORBARY : ‘U THICKENED
e CRUSHING " ,\ it PR e

(RECYCLED)

chuseD e F£E_ PRODUCT APPLICATIONS

2 e ‘BA%EEI%ILL PATICL =3 FLOTATION SEPRRATION LE"C'G
5 0000

LIBERATED

RUSHED PRODUCT ALL MILL F RINDING PRODUCT FIN FINE

CRUSHED PRODUC BALLMILLFEED  GRINDING PRODUC E particles e e o LI
» PRIMARY SECONDARY » VIBRATING OVERSIZE » THICKKED » FILTER PROCESS WATER

8 F GLOBAL KEY E CRUSHING CRUSHING & CRUSHING SCREEN »(RECYCLED) SLURRY WATER = (RECYCLED)

Diagram showing stages of comminution (crushing - grinding - fine particles). Figure 5.1: Stages of
comminution in mineral processing

Fillin the blank: Crushing reduces large rocks into smaller , while grinding produces fine
particles.
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5.1.2 Concentration methods

Concentration methods separate valuable minerals from gangue (waste material). Common
techniques include:

e Gravity separation: Uses differences in density (e.g., jigging, shaking tables).

¢ Flotation: Exploits differences in surface properties using reagents and air bubbles.

¢ Magnetic separation: Separates minerals based on magnetic properties.

CONCENTRATION METHODS IN MINERAL PROCESSING /&

CONCENTRATION METHOD PRINCIPLE EXAMPLE APPLICATIONS
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Table 5.1: Concentration methods.in'mineral processing

Fillin the blank: Flotation separates minerals based on differences in properties.

5.1.3 Dewatering and tailings management

Dewatering removes water from mineral concentrates and tailings. Techniques include thickening,
filtration, and drying. Tailings management involves storing or treating waste materials safely to
prevent environmental damage. Modern tailings dams and paste disposal methods aim to reduce
risks of contamination and dam failures.
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=== Programs to Ensure Long-Term Safety and Sustainability. 4 Programs to Ensure Long-Term Safety and Sustainability.

Box 5.1: Dewatering and tailings management techniques

Fillin the blank: Thickening, filtration, and dryingare techniques used in

Pilot questions 5.1
1. Whatis comminution and why is it important in mineral processing?
2. Name two types of crushers used in crushing.
3. Which concentration method uses air bubbles and reagents?
4. Listtwo techniques usedin dewatering.

5. Whatis the purpose of tailings management in mining?

5.2 Allied Disciplines in Mining
5.2.1 Geology and mineral exploration

Geology provides the foundation for mining by identifying and characterising mineral deposits.
Exploration techniques include geological mapping, geochemical sampling, and geophysical
surveys. These methods help locate ore bodies and determine their economic viability. Without
geology, mining operations would lack direction and efficiency.
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Diagram showing stages of mineral exploration (mapping > sampling > geophysical survey >
drilling). Figure 5.2: Stages of mineral exploration

Fillin the blank: Geochemical sampling and geophysical surveys are techniques used in mineral

5.2.2 Metallurgy and materials science

Metallurgy focuses on extracting and refining metals from ores, while materials science studies
the properties and applications of these metals. Metallurgy includes pyrometallurgy (heat-based
processes), hydrometallurgy (aqueous solutions), and electrometallurgy (electrical methods).
Materials science ensures that metals are used effectively in construction, manufacturing, and
technology.
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EXTRACTIVE METALLURGY: METHODS, PRINCIPLES, AND APPLICATIONS &

A FUNDAMENTAL OER GUIDE TO METAL RECOVERY

METALLURGICAL PROCESS & UNITS | PRIMARY PRINCIPLE (Visual & Text) | EXAMPLE APPLICATIONS (Icons & Text)

000 0.0 USES HIGH-TEMPERATURE 4 , <+
MS(s) + 05(g) —> MOGs) + SO4(q) THERMAL ENERGY TO DRIVE ! /
.. Sulfideto Oxide )\ CHEMICAL REACTIONS @. A
e O » g%’egﬂfﬁh’ffsnsugl&'gé IRON  COPPER,NICKEL ~ ZINC  GOLD &SILVER
MO(s) + Cis) — M) + CO(g) MELTING &STEEL  (Sulfide), LEAD  (Imperial (Roasting, for
SMELTING FURNACE ROASTING KILN Oxide to Metal ( ). (Blast Furnace) Smelting)  refractory ores)

| HYDROMETALLURGY & o3
= ey T FON
M “‘ e &5 LOWTO MODERATE . o=

LEACHING _ SOLVENT 1 M-Solution + _, M-Rich Phase+  TEMPERATURES TO DISSOLVE, | goLD & coppm ALUMINA URANI
TANKS  EXTRACTION EXCHANGE PRECIPITATION| L-Solution L-RichPhase  PURIFY, & RECOVER METALS. SILVER (Heap Leachmg (Bayer Process NICKEL, COBALT
(Heap/Agitation) (SX) CELLS ~ (IX) VESSEL (SX) (Cyanidation) Process) (Leaching)

ELECTROMETALLURGY ANODE (+) CATHODE (-)

USES ELECTRICAL ENERGY TO
DRIVE NON-SPONTANEOUS
m (@ ELECTROCHEMICAL
ELECTROLYTE

REACTIONS (ELECTROLYSIS) | ALUMINUM REFINING OF HIGH-PURITY MAGNESIUM [

TO DEPOSIT PURE METALAT | (Hall-Héroult COPPER,ZINC, METAL  PRODUCTION

ELECTROREFINING REDOX REACTIONS AN ELECTRODE. molten salt NICKEL CATHODES  (Molten salt
(ER) CELL {e.g., Cathode: M + ne’ — M?) process) (>99.99%) electrolysis)

KEY TAKEAWAY: INTEGRATED + INDUSTRIES FREQUENTLY COMBINE METHODS (E.G., COPPER SMELTING & REFINING)
& SUSTAINABLE SOLUTIONS * MINIMIZE ENVIRONMENTAL FOOTPRINT & WASTE

Table 5.2: Metallurgical processes in mining

ELECTROWINNING
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Fillin the blank: Aluminium extraction is an example of metallurgy.

5.2.3 Environmental science and engineering links

Environmental science and engineering play a critical role in mining by assessing and mitigating
environmental impacts. They provide tools for pollution control, waste management, and
ecosystem restoration. Environmental engineers design water treatment systems, dust
suppression technologies, and reclamation projects to ensure mining is sustainable and socially
responsible.
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Box 5.2: Env:ronmental science contr/but/ons to mining

Fillin the blank: Environmental engineers design
contamination.

treatment systems to prevent

Pilot questions 5.2

1. Whatis the role of geology.in mining?

2. Name two techniques used in mineral exploration.

3. Which metallurgical processuses aqueous solutions?

4. Listtwocontributions of environmental science to mining.
5. What does'materials science study in relation to mining?

5.3 Legal and Regulatory Framework
5.3.1 Mining laws and policies

Mining laws and policies provide the legal foundation for mining operations. They define
ownership of mineral resources, rights of exploration, and responsibilities of mining companies.
National laws vary, but many are influenced by international conventions and best practices. These
laws aim to balance economic development with environmental protection and community rights.

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



THE MINING GOVERNANCE FRAMEWORK: LAWS, CONVENTIONS, AND RESPONSIBILITIES
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Diagram showing the relationship between national mining laws, international conventions, and
company responsibilities. Figure 5.3: Framework of mining laws and policies

Fillin the blank: Mining laws define ownership of resources and rights of exploration.

5.3.2 Licensing, permits, and compliance

Mining companies must obtain licenses and permits before exploration or extraction. These
include exploration licenses, mining leases, and environmental permits. Compliance requires
adherence to safety standards, environmental regulations, and community agreements. Failure to
comply can result in fines, suspension, or revocation of licenses.
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LICENSE/PERMIT TYPE PRIMARY PURPOSE KEY REQUIREMENTS - | GER LERRN
Initial regional assessment, geological | Application, minimum work program,
PRO(SEI;(E,?B;‘ET%%I;NSE 213%’8;3'% and geophysical/geochemical ggvmiaqr::crgal plan (simple), financial
EXPLORATION PERMIT Detailed assessment, drilling, and pre- | Drilling plan, extensive environmental
(TARGETED WORK) feasibilty studies to efine esource | impact study (EIA), community
MINING LICENSE Extraction and processing of defined | Feasibility study, full EIA & management
(LARGE-SCALE PRODUCTION) | orebody for commercial sale (long-term) ﬁ?enp(sr';'n?és?:élaz:r‘:gmsnebg::ier &land
SMALL-SCALE Regulated mining by individuals or Simplified application, basic environmental
MINING PERMIT ?sl?ua)lrltg?(t)g:::)mves' often artisanal plan, safety protocols, citizenship/residency
LAND USE PERMIT Permission to access and use specific | Negotiation with landowners/communities, E\;a 04
(SURFACE RIGHTS) surface land area for mining activities | compensation plan, land survey 41 || &&52
ENVIRONMENTAL PERMIT | Authorization from environmental Comprehensive EIA, public reviews, Bt
! (EIA/JEMP) il b::g%?{}ég}?:ﬁ,la::sessment environmental bond, strict monitoring ﬁ 59
COMPLIANCE INTEGRATION | MULTIPLE PERMITS  ONGOING MONITORING REGULAR REVIEW & UPDATES & 4
& OER PRINCIPLES OFTEN INTERLINKED & REPORTING FOR OER SUSTAINABILITY m
b —— e
Table 5.3: Types of mining licenses and permits
Fillin the blank: An environmental permitrequires submission of an impact report.

5.3.3 Governance, transparency, and community rights

Governance and transparency ensure that mining revenues are managed responsibly. Initiatives
like the Extractive Industries Transparency Initiative (EITI) promote disclosure of payments and
contracts. Community rights include consultation, fair compensation, and participation in
decision-making. Strong governance reduces corruption and builds trust between companies,
governments, and communities.
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Box 5.3:Governance and community rights in mining

Fillin the blank: The Extractive Industries Transparency Initiative promotes disclosure of
and contracts.

Pilot questions 5.3
1. What s the purpose of mining laws and policies?
2. Name two types of mining permits.
3. Whatisrequired for an environmental permit?

-
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4. Why is transparency important in mining governance?

5. What initiative promotes disclosure of payments and contracts in mining?

5.4 Emerging Issues and Future Directions
5.4.1 Green mineral processing technologies

Green mineral processing focuses on reducing environmental impacts through cleaner, energy-
efficient methods. Examples include bioleaching (using microorganisms to extract metals), low-
energy grinding systems, and recycling of process water. These technologies aimto minimise
waste and carbon emissions while maintaining productivity.

i &ED OPEN EDUCATIONAL RESOURCE)

& GREEN MINERAL PROCESSING TECHNOLOGIES: SUSTAINABLE APPROACHES
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Diagram showing examples of green mineral processing technologies (bioleaching, water
recycling, low-energy grinding). Figure 5.4: Green mineral processing technologies

Fillin the blank: Bioleaching uses to extract metals from ores.

5.4.2 International standards and best practices

International standards guide mining companies toward responsible practices. Examples include
ISO standards for environmental management, the Equator Principles for financing, and the
Extractive Industries Transparency Initiative (EITI). Best practices involve reducing environmental
footprints, ensuring worker safety, and promoting fair community engagement.

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



INTERNATIONAL STANDARDS
AND BEST PRACTICES IN MINING

OOER

5~ GOVERNANCE &

@ / RESPONSIBILITY

NS ENVIRONMENTAL 2
0 (0 STEWARDSHIP

GLOBAL SUSTAINABILITY ﬁTRﬂNSPA“ENCY t RECLAMATION & REHABILITATION &
ﬁﬂ f.{;ﬂﬂfﬁﬁf)m' et §>“"“‘C°RRUPT'°N WATER & WASTE MANAGEMENT 2
: IMAGE 4) e
ESG COMMITMENTS ﬁ;ﬂg;fggggg;\ i "";E:,},?.ﬂé“ e -
@ « @ A
® 2on? ] e e (©)
@ (
"SAFETY & HEALTH 3¢50 SOCIAL
(<IMAGE>, <IMAGE 3) @ ®@ PERFORMANCE
ﬁ OHS MANAGEMENT SYSTEMS HUMAN RIGHTS &
HAZARD mEE PRORS ||~ LABOR STANDARDS
| SAFETY BEST PRACTICES [ "% MicATon. consent (pic) | o, COMMUNITY DEVELOPMENT I
% & & g @ g PROJECTS %

PPE  RISK CONTROL

Nt
‘ ‘ LOCAL JOBS

[ % KEY BENEFITS: SUSTAINABLE DEVELOPMENT, SOCIAL LICENSE TO

EDUCATION

ot
©

OPERATE, REDUCED RISK, AND LONG-TERM VALUE CREATION mﬂﬂm )
Box 5.4: International standards and best practices in mining
Fillin the blank: The Equator Principles provide guidelines for responsible of mining

projects.

5.4.3 Digitalisation'and data-driven mining governance

Digitalisationiis reshaping mining governance through big data, artificial intelligence, and
blockchain. Data-driven systems improve efficiency, monitor compliance, and enhance
transparency. Blockchain ensures secure tracking of mineral supply chains, while Al helps predict
equipment failures and optimise production. These innovations strengthen governance and
accountability inmining.

-
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Photograph showing digital dashboards and Al systems used in mining governance. Plate 5.1:
Digitalisation in mining governance

Fillin the blank: Blockchain technology ensures secure tracking of mineral chains.

Pilot questions 5.4
1. Whatis bioleaching andwhy is'it considered a green technology?
2. Name two international standards or initiatives guiding mining practices.
3. What do the Equator Principles focus on?
4. How does blockchain improve mining governance?

5. Give one example of how Al supports mining operations.

Series Summary

This Series has explored the integration of mineral processing, allied disciplines, and the legal
framework in mining. We began with the fundamentals of mineral processing, covering
comminution, concentration, and dewatering. We then examined allied disciplines such as
geology, metallurgy, and environmental science, highlighting their contributions to mining. Next,
we analysed the legal and regulatory framework, including mining laws, licensing, compliance,
governance, and community rights. Finally, we looked at emerging issues and future directions,
focusing on green technologies, international standards, and digitalisation.

-
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By completing this Series, you should now be able to describe mineral processing fundamentals,
explain the role of allied disciplines, analyse mining laws and governance, and evaluate future
trends in sustainable and responsible mining.

Glossary of Terms
¢ Bioleaching: Use of microorganisms to extract metals from ores.
e Comminution: Crushing and grinding of ore to liberate minerals.

e Concentration methods: Techniques to separate valuable minerals from'waste (gravity,
flotation, magnetic).

o Dewatering: Removal of water from mineral concentrates and tailings.

e EITI (Extractive Industries Transparency Initiative): Global standard promoting
transparency in extractive industries.

¢ Hydrometallurgy: Metallurgical process using aqueous solutions to extract metals.
¢ Licensing and permits: Legal authorisations required for exploration and mining.
¢ Metallurgy: Science of extracting and refining metals from ores.
o Tailings management: Safe disposal or treatment of mining waste materials.
o Transparency: Disclosure of payments, contracts, and governance practices in mining.
Concept Check Questions [Series 5]
Objective questions
1. Which process reduces ore size through crushing and grinding? (Linked to SLO 5.1)
2. Flotation separates minerals-based on differences in which property? (Linked to SLO 5.1)
3. What does EITI promote'in mining governance? (Linked to SLO 5.3)
Short-answer questions
4./ Define metallurgy and give one example of its application. (Linked to SLO 5.2)
5. List two types of mining permits. (Linked to SLO 5.3)
6. Name two green mineral processing technologies. (Linked to SLO 5.4)
Long-answer questions

7. Analyse the role of geology, metallurgy, and environmental science as allied disciplines in
mining. (Linked to SLO 5.2)

8. Evaluate the importance of international standards and digitalisation in shaping the future
of mining governance. (Linked to SLO 5.4)
ol
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Answers to Concept Check Questions [Series 5]
Objective questions
1. Comminution.
2. Surface properties.
3. Transparencyin payments and contracts.
Short-answer questions
4. Metallurgy is the science of extracting and refining metals. Example: smelting copper ores.
5. Exploration license and environmental permit.
6. Bioleaching and water recycling.
Long-answer questions

7. Basic response: Geology identifies deposits, metallurgy extracts.metals, and
environmental science mitigates impacts. Value-added response: Geology ensures
efficient exploration, metallurgy provides refined metals for industries, and environmental
science designs pollution control.and reclamation systems, making mining sustainable and
interdisciplinary.

8. Basic response: International standards guide responsible practices, while digitalisation
improves efficiency and transparency. Value-added response: ISO standards and EITI
promote accountability, while Al and blockchain enhance monitoring, compliance, and
supply chain security.Together, they ensure mining aligns with global sustainability and
governance expectations.

Answers to Pilot Questions [Series 5]
Part 5.1

1. Comminution; it liberates valuable minerals.

2. <Jaw crusher and gyratory crusher.

3. Flotation.

4. Thickening and filtration.

5.  To safely manage waste and prevent environmental damage.
Part5.2

6. Toidentify and characterise mineral deposits.

7. Geochemical sampling and geophysical surveys.

-
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8. Hydrometallurgy.
9. Pollution control and ecosystem restoration.
10. Properties and applications of metals.
Part5.3
11. To define ownership, rights, and responsibilities.
12. Exploration license and mining lease.
13. Impact assessment report.
14. It reduces corruption and builds trust.
15. Extractive Industries Transparency Initiative (EITI).
Part5.4
16. Using microorganisms to extract metals.
17. 1SO standards and EITI.
18. Financing of mining projects.
19. Secure tracking of supply chains.
20. Predicting equipment failures:
References and Attributions [Series 5]

o Figure 5.1: Stages of comminution in. mineral processing. Suggested Al prompt: “Generate
a labelled diagram showing stages of comminution: crushing, grinding, and fine particles.”
Search string: “comminution crushing grinding mineral processing diagram OER”.

e Table 5.1:Concentration methods in mineral processing. Suggested Al prompt: “Generate
a table showing concentration methods, their principles, and example applications.”
Search string: “concentration methods mineral processing OER”.

e  Box5.1: Dewatering and tailings management techniques. Suggested Al prompt: “Generate
a text box summarising dewatering and tailings management techniques.” Search string:
“dewatering tailings management mineral processing OER”.

e  Figure 5.2: Stages of mineral exploration. Suggested Al prompt: “Generate a labelled
diagram showing stages of mineral exploration: mapping, sampling, geophysical survey,
and drilling.” Search string: “geology mineral exploration stages diagram OER”.

e Table 5.2: Metallurgical processes in mining. Suggested Al prompt: “Generate a table
showing metallurgical processes, their principles, and example applications.” Search
string: “metallurgy processes pyrometallurgy hydrometallurgy electrometallurgy OER”.
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e Box5.2: Environmental science contributions to mining. Suggested Al prompt: “Generate a
text box summarising environmental science contributions to mining.” Search string:
“environmental science engineering mining OER”.

e Figure 5.3: Framework of mining laws and policies. Suggested Al prompt: “Generate a
labelled diagram showing national mining laws, international conventions, and company
responsibilities.” Search string: “mining laws policies framework diagram OER”.

e Table 5.3: Types of mining licenses and permits. Suggested Al prompt: “Generate a table
showing types of mining licenses and permits with purposes and requirements.” Search
string: “mining licenses permits compliance OER”.

e Box5.3: Governance and community rights in mining. Suggested Al prompt: “Generate a
text box summarising governance and community rights in mining.” Search string:
“governance transparency community rights mining OER”.

o Figure 5.4: Green mineral processing technologies. Suggested Al prompt: “Generate a
labelled diagram showing bioleaching, water recycling, and low-energy grinding in mineral
processing.” Search string: “green mineral processing technologies diagram OER”.

¢ Box5.4: International standards.and best practices in mining. Suggested Al prompt:
“Generate a text box summarising international standards and best practices in mining.”
Search string: “international standards best practices mining OER”.

e Plate 5.1: Digitalisation in mining governance. Suggested Al prompt: “Generate a labelled
photograph showing digital dashboards and Al systems used in mining governance.”
Search string: “digitalisation data. mining governance OER”.
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