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Series 1: Foundations of Rocks and Minerals 
Series outline 

• Part 1: Origin and Classification of Rocks 

o 1.1 Definition and nature of rocks 

o 1.2 Types of rocks: igneous, sedimentary, metamorphic 

o 1.3 Rock formation processes 

• 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 

• Part 3: Distribution and Economic Importance 

o 3.1 Global distribution of rocks and minerals 

o 3.2 Mineral resources 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: 

• SLO 1.1 define rocks and explain their origin and classification, 

• SLO 1.2 classify rocks into igneous, sedimentary, and metamorphic types, 

• SLO 1.3 define minerals and describe their diagnostic features, 
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• SLO 1.4 analyse the physical and chemical properties of minerals for identification, 

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

• 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 

A rock is 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 vary in texture, colour, hardness, and 
mineral composition, which makes them suitable for different industrial uses. 

 
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: igneous, 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. 

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

 

Fill in 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 melt to form magma, which solidifies into igneous rocks again. This cycle demonstrates 
the dynamic nature of Earth’s crust. 
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Box 1.1: Key processes in the rock cycle 

 

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. Which rock 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 

A mineral is 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. 
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Diagram showing the crystalline structure of a mineral. Figure 1.2: Crystalline arrangement of 
atoms in a mineral  

Fill in 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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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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Box 1.2: Common mineral identification tests 

• Fill in the blank: The powdered colour of a mineral observed on a porcelain plate is called 
its ________. 

 

Pilot questions 1.2 

1. What is the definition of a mineral? 

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. What is 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. 
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World map showing major mineral belts and rock distributions. Figure 1.3: Global distribution of 
selected mineral resources  

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

Fill in 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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Box 1.3: Economic uses of selected minerals 

Fill in 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 found in Nigeria and their locations. 

3. What mineral resource is found in Enugu State? 

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

Fill in the blank: A rock 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. 
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Photographs of limestone (rock) and calcite (mineral). Plate 1.3: Examples of a rock and its 
constituent mineral  

Fill in the blank: Limestone is a rock composed mainly of the mineral ________. 

 

Pilot questions 1.4 

1. What is 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 mineral is the main constituent of limestone? 

4. Why is it important 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 
igneous, 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 

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

• Igneous rock: A rock formed from the cooling and solidification of magma or lava. 

• Lustre: The way light reflects from the surface of a mineral. 

• 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. 

• 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: A rock formed from the accumulation and compaction of sediments. 

• Streak: The powdered colour of a mineral when rubbed on a porcelain plate. 

• Rock cycle: 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 mineral is 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. List two physical properties used to identify minerals. (Linked to SLO 1.3) 

6. Name two mineral resources 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 mineral is 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. Rock cycle. 

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. A rock is 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] 

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

• Plate 1.1: Examples of igneous, sedimentary, and metamorphic rocks. Suggested AI 
prompt: “Generate labelled photographs of igneous, sedimentary, and metamorphic 
rocks.” Search string: “igneous sedimentary metamorphic rock examples OER”. 

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

• Box 1.2: Common mineral identification tests. Suggested AI prompt: “Generate a text box 
summarising common mineral identification tests.” Search string: “mineral identification 
tests geology OER”. 
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• Figure 1.3: Global distribution of selected mineral resources. Suggested AI prompt: 
“Generate a labelled world map showing major mineral belts and rock types.” Search 
string: “global mineral resource distribution map OER geology”. 

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

• Box 1.3: Economic uses of selected minerals. Suggested AI prompt: “Generate a text box 
summarising economic uses of limestone, coal, iron ore, and gold.” Search string: 
“economic uses of minerals OER geology”. 

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

• Plate 1.3: Examples of a rock and its constituent mineral. Suggested AI 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 

• Part 2.1: Energy, Minerals, And Water Resources 

o 2.1.1 Overview of energy resources 

o 2.1.2 Classification of mineral resources 

o 2.1.3 Importance of water resources in mining 

• 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 

• 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 

• 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 you to 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 classification and 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: 

• SLO 2.1 classify energy, mineral, and water resources and explain their importance, 

• SLO 2.2 analyse the role of minerals in industrialisation and national development, 

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

• 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. 

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

Fill in 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. 



 

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

 
Table 2.1: Classification of mineral resources 

Fill in the blank: Limestone and gypsum are examples of ________ minerals. 

 

2.1.3 Importance of water resources in 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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Box 2.1: Uses of water in mining 

Fill in 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 a metallic 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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Diagram showing the link between minerals and industrial sectors. Figure 2.2: Role of minerals in 
industrialisation  

Fill in 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. 



 

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

 
Table 2.2: Contribution of minerals to national revenue 

Fill in the blank: Nigeria’s major source of foreign exchange has historically been ________ and gas. 

 

2.2.3 Employment and social impact 

Mineral exploitation creates jobs directly in mining operations and indirectly in industries that 
depend on mineral products. It also 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 

Fill in the blank: Mineral exploitation creates jobs directly in ________ operations. 

 

Pilot questions 2.2 

1. Which mineral is 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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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 

Fill in the blank: Magnetic surveys are particularly useful for locating ________ ore deposits. 

 

2.3.3 Case studies of exploration in Nigeria 

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 exploration in Enugu. Plate 2.1: Case studies of 
mineral exploration in Nigeria  

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

 

Pilot questions 2.3 

1. What is the main focus of geological methods of mineral exploration? 

2. Which mineral is 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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Diagram showing environmental impacts of mining (deforestation, water pollution, soil erosion). 
Figure 2.4: Environmental impacts of resource exploitation  

Fill in 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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Box 2.3: Key governance issues in mining 

Fill in 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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Table 2.4: Sustainable approaches to resource management 

Fill in the blank: Restoring mined areas to a usable state is called land ________. 

 

Pilot questions 2.4 

1. Name two environmental impacts of mining. 

2. What is one governance issue that affects resource management? 

3. Which approach involves reusing water in mining operations? 

4. What is 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 

• Energy resources: 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. 

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

• 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. 

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

• 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 mineral is 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. List two environmental impacts 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 as iron 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. Solar and wind. 

2. Metallic, non-metallic, energy. 

3. Iron ore, used in steel production. 

4. Drilling and dust suppression. 



 

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

5. Energy minerals. 

Part 2.2 

6. Iron ore. 

7. Oil. 

8. Taxes and royalties. 

9. Job creation. 

10. Community displacement. 

Part 2.3 

11. Studying surface features and rock formations. 

12. Gold. 

13. Magnetic survey, resistivity survey. 

14. Density variations. 

15. Jos Plateau. 

Part 2.4 

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] 

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

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

• Box 2.1: Uses of water in mining. Suggested AI prompt: “Generate a text box summarising 
the uses of water in mining.” Search string: “water use in mining OER geology”. 
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• Figure 2.2: Role of minerals in industrialisation. Suggested AI prompt: “Generate a labelled 
diagram showing minerals linked to industries such as construction, manufacturing, and 
energy.” Search string: “minerals industrialisation diagram OER”. 

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

• Box 2.2: Social impacts of mineral exploitation. Suggested AI prompt: “Generate a text box 
summarising positive and negative social impacts of mineral exploitation.” Search string: 
“social impacts of mining OER”. 

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

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

• Plate 2.1: Case studies of mineral exploration in Nigeria. Suggested AI 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”. 

• Figure 2.4: Environmental impacts of resource exploitation. Suggested AI 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”. 

• Box 2.3: Key governance issues in mining. Suggested AI prompt: “Generate a text box 
summarising governance issues in mining.” Search string: “governance issues mining 
Nigeria OER”. 

• Table 2.4: Sustainable approaches to resource management. Suggested AI 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 

• 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 

• 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 

• 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 

• 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: 

• SLO 3.1 describe and compare major surface mining methods, 

• SLO 3.2 explain key underground mining methods and their applications, 

• SLO 3.3 evaluate mining technologies and equipment used in extraction and safety, 

• SLO 3.4 analyse innovations and future trends in mining, including automation 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. It is 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. 

Diagram showing stages of open-pit mining (drilling, blasting, hauling). Figure 3.1: Stages of open-
pit mining  
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Fill in 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 erosion. Reclamation 
of mined land is essential to reduce environmental damage. 

Photograph of a strip mining operation for coal. Plate 3.1: Strip mining for coal  

Fill in 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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Box 3.1: Common materials obtained through quarrying 

Fill in the blank: Quarrying is often used to 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 environmental impacts of strip mining. 

4. What is the main difference between quarrying and open-pit mining? 

5. List two 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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Diagram showing layout of room-and-pillar mining. Figure 3.2: Room-and-pillar mining layout  

Fill in the blank: In room-and-pillar mining, some material must remain 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 collapse in a controlled manner. This method achieves high recovery rates and 
efficiency but requires significant investment in equipment. 
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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 or tailings 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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Box 3.2: Advantages of cut-and-fill mining 

Fill in the blank: Cut-and-fill mining is suitable for ________ dipping ore bodies. 

 

Pilot questions 3.2 

1. What is 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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Diagram showing drilling rigs and blasting sequence. Figure 3.3: Drilling and blasting process  

Fill in the blank: Drilling creates holes into which ________ are placed before blasting. 

 

3.3.2 Loading and hauling equipment 

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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Photograph of haul trucks in an open-pit mine. Plate 3.3: Haul trucks in mining operations  

Fill in 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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Box 3.3: Key safety systems in underground mining 

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

 

Pilot questions 3.3 

1. What is 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. List two functions 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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Diagram showing automated haul trucks and robotic drilling rigs. Figure 3.4: Automation in mining 
operations  

Fill in 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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Satellite image showing mineral exploration using GIS overlays. Plate 3.4: Remote sensing and GIS 
in mining  

Fill in 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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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. What is 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. 

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

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

• GIS (Geographic Information Systems): Technology that integrates 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. 

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

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

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

• 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 3.1) 

2. What supports are used in longwall mining to prevent roof collapse? (Linked to SLO 3.2) 

3. Which technology 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) 



 

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

5. Explain one advantage of cut-and-fill mining. (Linked to SLO 3.2) 

6. List two 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 air and removes harmful gases. 

Long-answer questions 

7. Basic response: Open-pit mining is used for large-scale mineral extraction like copper and 
gold, while strip mining is used 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 
energy 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. By identifying mineral-rich zones. 

20. It reduces environmental damage and supports sustainability. 

References and Attributions [Series 3] 

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

• Plate 3.1: Strip mining for coal. Suggested AI prompt: “Generate a labelled photograph of a 
strip mining operation for coal.” Search string: “strip mining coal OER geology”. 
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• Box 3.1: Common materials obtained through quarrying. Suggested AI prompt: “Generate a 
text box summarising common materials obtained through quarrying.” Search string: 
“quarrying materials limestone granite marble OER”. 

• Figure 3.2: Room-and-pillar mining layout. Suggested AI 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”. 

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

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

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

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

• Box 3.3: Key safety systems in underground mining. Suggested AI prompt: “Generate a text 
box summarising key safety systems in underground mining.” Search string: “ventilation 
safety systems underground mining OER”. 

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

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

• Box 3.4: Examples of sustainable mining technologies. Suggested AI 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 

• Part 4.1: 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 

• Part 4.2: 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 

• Part 4.3: 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 environmental impact in mining regions 

• Part 4.4: Sustainable Mining Practices 

o 4.4.1 Principles of sustainability in mining 

o 4.4.2 Cleaner technologies and rehabilitation 

o 4.4.3 Community 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: 

• SLO 4.1 describe mine operations, including planning, production, and safety measures, 

• SLO 4.2 explain the principles and techniques of mine surveying and their applications, 

• SLO 4.3 analyse the environmental impacts of mining and propose mitigation measures, 

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

Fill in 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 

Fill in 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. 



 

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

Box 4.1: Key health and safety measures in mining 

Fill in the blank: Helmets, masks, and boots are examples of personal ________ equipment. 

 

Pilot questions 4.1 

1. What is the purpose of mine planning and design? 

2. Name two key production processes in mining. 

3. Why is scheduling important in mine operations? 

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

Fill in the blank: Mine surveying ensures mining operations are conducted safely and ________. 

 

4.2.2 Surveying instruments and techniques 

Surveying relies on specialised instruments 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 mapping underground workings and monitoring ground movement. 
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Table 4.2: Surveying instruments and applications 

Fill in 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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Box 4.2: Applications of mine surveying 

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

 

Pilot questions 4.2 

1. What is the main purpose of mine surveying? 

2. Name two instruments used in mine surveying. 

3. Which surveying technique measures angles and distances? 

4. List two applications of mine surveying in mine planning. 

5. What instrument 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: 

• Land degradation (deforestation, soil erosion, loss of arable land) 

• Water pollution (acid mine drainage, contamination of rivers and groundwater) 

• Air pollution (dust, gas emissions from blasting and machinery) 

• Biodiversity loss (displacement of plants and animals) 
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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  

Fill in 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: 

• Land reclamation and reforestation 

• Water treatment systems to prevent contamination 

• Dust suppression and emission control technologies 

• Biodiversity conservation programs 
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Box 4.3: Environmental management measures in mining 

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

 

4.3.3 Case studies of environmental impact 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. 

• South Africa: Gold mining resulted in acid mine drainage affecting rivers and communities. 
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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  

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

 

Pilot questions 4.3 

1. Name two types of environmental impacts caused by mining. 

2. What is acid mine drainage an example of? 

3. List two environmental management measures used in mining. 

4. Why is reforestation important 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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Diagram showing the three pillars of sustainability (economic, environmental, social). Figure 4.4: 
Principles of sustainability in mining  

Fill in the blank: Sustainability in mining balances economic, 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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Box 4.4: Examples of cleaner technologies and rehabilitation 

Fill in 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 projects funded by mining companies. Plate 4.2: 
Community participation in mining regions  

Fill in 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. What is 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. Which process involves restoring mined land to a usable state? (Linked to SLO 4.4) 

2. What instrument is used to measure angles in mine surveying? (Linked to SLO 4.2) 

3. Acid mine drainage is an example of which type of pollution? (Linked to SLO 4.3) 

Short-answer questions 

4. Define mine planning and state its purpose. (Linked to SLO 4.1) 

5. List two health and safety measures used in mining. (Linked to SLO 4.1) 

6. 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) 
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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 
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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. 

Part 4.3 

11. Land degradation and water pollution. 

12. Water pollution. 

13. Land reclamation and dust suppression. 

14. It restores ecosystems and farmland. 

15. Jos Plateau. 

Part 4.4 

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] 

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

• Table 4.1: Key production processes in mining. Suggested AI prompt: “Generate a table 
showing key production processes in mining with descriptions and examples.” Search 
string: “mining production processes scheduling OER”. 

• Box 4.1: Key health and safety measures in mining. Suggested AI prompt: “Generate a text 
box summarising key health and safety measures in mining.” Search string: “health safety 
measures mining OER”. 

• Figure 4.2: Principles of mine surveying. Suggested AI 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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• Table 4.2: Surveying instruments and applications. Suggested AI prompt: “Generate a table 
showing surveying instruments, their functions, and applications in mining.” Search string: 
“mine surveying instruments techniques OER”. 

• Box 4.2: Applications of mine surveying. Suggested AI prompt: “Generate a text box 
summarising applications of mine surveying in planning and monitoring.” Search string: 
“applications mine surveying OER geology”. 

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

• Box 4.3: Environmental management measures in mining. Suggested AI prompt: “Generate 
a text box summarising environmental management measures in mining.” Search string: 
“environmental management mining mitigation OER”. 

• Plate 4.1: Case studies of environmental impact in mining regions. Suggested AI 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”. 

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

• Box 4.4: Examples of cleaner technologies and rehabilitation. Suggested AI prompt: 
“Generate a text box summarising cleaner technologies and rehabilitation practices in 
mining.” Search string: “cleaner technologies rehabilitation mining OER”. 

• Plate 4.2: Community participation in mining regions. Suggested AI 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 

• Part 5.1: Fundamentals of Mineral Processing 

o 5.1.1 Comminution (crushing and grinding) 
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o 5.1.2 Concentration methods (gravity, flotation, magnetic separation) 

o 5.1.3 Dewatering and tailings management 

• Part 5.2: 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 

• Part 5.3: 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 

• Part 5.4: 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: 

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

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

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

• 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. 

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

Fill in 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: 

• 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. 

Table 5.1: Concentration methods in mineral processing 

Fill in 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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Box 5.1: Dewatering and tailings management techniques 

Fill in the blank: Thickening, filtration, and drying are techniques used in ________. 

 

Pilot questions 5.1 

1. What is 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. List two techniques used in dewatering. 

5. What is 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  

Fill in 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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Table 5.2: Metallurgical processes in mining 

Fill in 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: Environmental science contributions to mining 

Fill in the blank: Environmental engineers design ________ treatment systems to prevent 
contamination. 

 

Pilot questions 5.2 

1. What is the role of geology in mining? 

2. Name two techniques used in mineral exploration. 

3. Which metallurgical process uses aqueous solutions? 

4. List two contributions 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. 
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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  

Fill in 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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Table 5.3: Types of mining licenses and permits 

Fill in the blank: An environmental permit requires 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 

Fill in the blank: The Extractive Industries Transparency Initiative promotes disclosure of ________ 
and contracts. 

 

Pilot questions 5.3 

1. What is the purpose of mining laws and policies? 

2. Name two types of mining permits. 

3. What is required 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 aim to minimise 
waste and carbon emissions while maintaining productivity. 

Diagram showing examples of green mineral processing technologies (bioleaching, water 
recycling, low-energy grinding). Figure 5.4: Green mineral processing technologies  

Fill in 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. 
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Box 5.4: International standards and best practices in mining 

Fill in the blank: The Equator Principles provide guidelines for responsible ________ of mining 
projects. 

 

5.4.3 Digitalisation and data-driven mining governance 

Digitalisation is 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 AI helps predict 
equipment failures and optimise production. These innovations strengthen governance and 
accountability in mining. 
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Photograph showing digital dashboards and AI systems used in mining governance. Plate 5.1: 
Digitalisation in mining governance  

Fill in the blank: Blockchain technology ensures secure tracking of mineral ________ chains. 

 

Pilot questions 5.4 

1. What is bioleaching and why 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 AI 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. 

• Comminution: Crushing and grinding of ore to liberate minerals. 

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

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

• 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. 

• Tailings management: Safe disposal or treatment of mining waste materials. 

• 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) 
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Answers to Concept Check Questions [Series 5] 

Objective questions 

1. Comminution. 

2. Surface properties. 

3. Transparency in 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 AI 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. 

Part 5.2 

6. To identify 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. 

Part 5.3 

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). 

Part 5.4 

16. Using microorganisms to extract metals. 

17. ISO standards and EITI. 

18. Financing of mining projects. 

19. Secure tracking of supply chains. 

20. Predicting equipment failures. 

References and Attributions [Series 5] 

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

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

• Box 5.1: Dewatering and tailings management techniques. Suggested AI prompt: “Generate 
a text box summarising dewatering and tailings management techniques.” Search string: 
“dewatering tailings management mineral processing OER”. 

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

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

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

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

• Box 5.3: Governance and community rights in mining. Suggested AI prompt: “Generate a 
text box summarising governance and community rights in mining.” Search string: 
“governance transparency community rights mining OER”. 

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

• Box 5.4: International standards and best practices in mining. Suggested AI prompt: 
“Generate a text box summarising international standards and best practices in mining.” 
Search string: “international standards best practices mining OER”. 

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