
 

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

 



 

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

•  Course code: MNE104 

•  Course title: Physical Geology and Earth History 

•  Course credit load: 2 

 

 

Series 1: Planet Earth and Its Composition 
Series outline 

• 1.1 Internal Structure of the Earth 

o 1.1.1 Core 

o 1.1.2 Mantle 

o 1.1.3 Crust 

• 1.2 Composition and Materials of the Earth 

o 1.2.1 Major Elements and Minerals 

o 1.2.2 Rock Types and Distribution 

• 1.3 Dynamic Processes within the Earth 

o 1.3.1 Heat Flow and Convection 

o 1.3.2 Plate Tectonics and Movement 

• 1.4 Planetary Context and Evolution 

o 1.4.1 Earth in the Solar System 

o 1.4.2 Geological Time and Earth History 

 

Introduction 

Planet Earth is our home, yet it remains a dynamic and complex system that continues to evolve. 
From its deep interior to the surface we live on, the Earth is made up of layers and materials that 
interact to shape the landscapes, resources, and processes we study in geology. Understanding 
the composition of the Earth is fundamental, because it provides the basis for explaining how 
landforms develop, how minerals are deposited, and how energy resources are distributed. This 
Series will therefore set the stage for your journey into physical geology and earth history. 
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The aim of this Series is to introduce you to the structure, composition, and dynamic processes of 
the Earth, and to help you appreciate how these elements connect to the broader geological history 
of our planet. 

We shall commence this Series by examining the internal structure of the Earth, focusing on the 
core, mantle, and crust. Next, we will explore the composition and materials of the Earth, 
including major elements, minerals, and rock types. Following that, we will consider the dynamic 
processes within the Earth, such as heat flow, convection, and plate tectonics. Finally, we will 
wrap up by situating the Earth in its planetary context and evolution, looking at its place in the 
solar system and its geological time scale. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 1.1 define the major layers of the Earth and describe their characteristics, 

• SLO 1.2 explain the composition of the Earth in terms of elements, minerals, and rock 
types, 

• SLO 1.3 analyse the dynamic processes within the Earth, including heat flow, convection, 
and plate tectonics, and 

• SLO 1.4 evaluate the Earth’s planetary context and geological evolution over time. 

 

 

1.1 Internal Structure Of The Earth 

1.1.1 Core 

The core is the innermost layer of the Earth, composed mainly of iron and nickel. It is divided into 
two parts: the solid inner core and the liquid outer core. The inner core is extremely hot, yet 
remains solid due to immense pressure, while the outer core is molten and responsible for 
generating the Earth’s magnetic field through the movement of liquid metals. 

Fill in the blank: The Earth’s ______ core is liquid and generates the magnetic field. 
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Cross-sectional diagram showing Earth’s internal layers with emphasis on the core. Figure 1.1: 
Structure of the Earth’s core  

  

1.1.2 Mantle 

The mantle lies above the core and extends to the crust. It is composed of silicate minerals rich in 
magnesium and iron. The mantle is semi-solid, and convection currents within it drive plate 
tectonics. These currents are caused by heat transfer from the core, leading to the slow movement 
of tectonic plates on the Earth’s surface. 

Fill in the blank: Convection currents in the ______ are responsible for plate tectonics. 
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Diagram showing mantle convection currents and their role in plate movement. Figure 1.2: 
Convection currents in the mantle  

 

1.1.3 Crust 

The crust is the outermost layer of the Earth, where we live and interact with geological processes. 
It is relatively thin compared to the mantle and core, and is divided into two types: continental 
crust, which is thicker and composed mainly of granite, and oceanic crust, which is thinner and 
composed mainly of basalt. The crust is broken into plates that float on the mantle, and their 
movement leads to earthquakes, volcanic activity, and the formation of mountains. 

Fill in the blank: The ______ crust is thicker and mainly composed of granite. 
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Photograph of a mountain range representing continental crust. Plate 1.1: Continental crust 
represented by mountain ranges  

 

Pilot questions 1.1 

1. Which metals primarily make up the Earth’s core? 

2. What is the difference between the inner core and the outer core? 

3. Which process in the mantle drives plate tectonics? 

4. What are the two types of crust, and how do they differ? 

5. Which type of crust is thinner and composed mainly of basalt? 

 

1.2 Composition And Materials Of The Earth 

1.2.1 Major elements and minerals 

The Earth is composed of a variety of elements, which are basic chemical substances that cannot 
be broken down further. The most abundant elements in the Earth’s crust are oxygen, silicon, 
aluminium, iron, calcium, sodium, potassium, and magnesium. These elements combine to form 
minerals, which are naturally occurring inorganic substances with a definite chemical 
composition and crystalline structure. Minerals are the building blocks of rocks and are essential 
for understanding geological processes. 

Fill in the blank: The most abundant element in the Earth’s crust is ______. 
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Table 1.1: Major elements in the Earth’s crust and their approximate percentages  

 

1.2.2 Rock types and distribution 

Rocks are solid aggregates of one or more minerals. They are classified into three main types 
based on their origin: 

• Igneous rocks, formed from the cooling and solidification of molten magma or lava. 

• Sedimentary rocks, formed from the accumulation and compaction of sediments. 

• Metamorphic rocks, formed when existing rocks are altered by heat, pressure, or chemical 
processes. 

The distribution of these rock types varies across the Earth. For example, igneous rocks are 
common in volcanic regions, sedimentary rocks dominate basins and plains, while metamorphic 
rocks are often found in mountain belts. 

Fill in the blank: Rocks formed from the cooling of magma are called ______ rocks. 
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Diagram showing the rock cycle and the interrelationship between igneous, sedimentary, and 
metamorphic rocks. Figure 1.3: The rock cycle  

 

Pilot questions 1.2 

1. List three of the most abundant elements in the Earth’s crust. 

2. Define a mineral and explain its importance in geology. 

3. What are the three main types of rocks, and how are they formed? 

4. Which type of rock is most commonly found in volcanic regions? 

5. What process leads to the formation of metamorphic rocks? 

 

1.3 Dynamic Processes Within The Earth 

1.3.1 Heat flow and convection 

Heat flow refers to the movement of thermal energy from the Earth’s interior towards the surface. 
This energy originates mainly from the decay of radioactive elements and residual heat from the 
planet’s formation. The transfer of heat drives important geological processes, including the 
movement of molten material in the mantle. 

Convection is the circulation of material caused by differences in temperature and density. In the 
mantle, hotter and less dense material rises, while cooler and denser material sinks. This slow but 
continuous movement is a key mechanism behind plate tectonics, influencing the creation of new 
crust at mid-ocean ridges and the destruction of old crust at subduction zones. 
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Fill in the blank: The circulation of mantle material due to temperature differences is called ______. 

 
Diagram showing mantle convection currents and their role in plate tectonics. Figure 1.4: Mantle 
convection currents driving plate movement  

 

1.3.2 Plate tectonics and movement 

Plate tectonics is the theory that the Earth’s lithosphere is divided into rigid plates that move over 
the semi-fluid asthenosphere. These plates interact at boundaries, leading to geological 
phenomena such as earthquakes, volcanic activity, and mountain building. 

There are three main types of plate boundaries: 

• Divergent boundaries, where plates move apart and new crust is formed. 

• Convergent boundaries, where plates collide and one may be forced beneath the other. 

• Transform boundaries, where plates slide past each other horizontally. 

The movement of plates is slow, typically a few centimetres per year, yet over millions of years it 
reshapes continents and oceans. 

Fill in the blank: At ______ boundaries, plates move apart and new crust is formed. 
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Diagram showing the three types of plate boundaries with examples. Figure 1.5: Types of plate 
boundaries  

 

Pilot questions 1.3 

1. What is the main source of heat within the Earth? 

2. Define convection and explain its role in mantle dynamics. 

3. What is the theory of plate tectonics? 

4. Name the three types of plate boundaries. 

5. Which type of boundary is associated with the formation of new crust? 

 

1.4 Planetary Context And Evolution 

1.4.1 Earth in the solar system 

The Earth is one of eight planets in the solar system, orbiting the Sun at an average distance of 
about 150 million kilometres. Its position within the habitable zone allows for the presence of liquid 
water, which is essential for life. The Earth’s rotation on its axis and revolution around the Sun 
influence day and night cycles, seasons, and climate patterns. 

The Earth is unique compared to other planets because of its atmosphere, which contains oxygen, 
and its dynamic geological processes that continually reshape its surface. These features make it a 
living planet, capable of sustaining diverse ecosystems. 
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Fill in the blank: The Earth orbits the Sun at an average distance of about ______ million kilometres. 

Diagram showing the Earth’s position in the solar system relative to other planets. Figure 1.6: Earth 
in the solar system  

 

1.4.2 Geological time and Earth history 

Geological time refers to the vast span of time over which the Earth has developed and evolved. 
Scientists divide this time into units such as eons, eras, periods, and epochs, which help to 
organise the history of the Earth. The geological time scale is based on evidence from rocks, 
fossils, and radiometric dating. 

The Earth’s history includes major events such as the formation of the first crust, the appearance of 
life, the rise and fall of species, and the shaping of continents and oceans. Studying geological time 
allows us to place current processes in context and to understand how the Earth has changed over 
billions of years. 

Fill in the blank: The divisions of geological time are based on evidence from rocks, fossils, and 
______ dating. 
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Box 1.1: Major divisions of geological time [Insert box placeholder here] Short description: A 
summary table of eons, eras, periods, and epochs.  

 

Pilot questions 1.4 

1. What makes Earth unique compared to other planets in the solar system? 

2. Define geological time and explain its importance. 

3. What are the main units of the geological time scale? 

4. Which evidence is used to establish divisions in geological time? 

5. How does Earth’s position in the solar system support life? 

 

Series Summary 

This Series has introduced you to the fundamental composition and structure of Planet Earth, 
which is the foundation for all subsequent geological study. We began by examining the internal 
structure of the Earth, focusing on the core, mantle, and crust, then moved on to the composition 
and materials of the Earth, where we explored major elements, minerals, and rock types. 
Following that, we studied the dynamic processes within the Earth, including heat flow, 
convection, and plate tectonics, which explain how the planet remains active and ever-changing. 
Finally, we placed Earth in its planetary context and evolution, considering its position in the solar 
system and its geological time scale. 
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By completing this Series, you should now be able to define the Earth’s major layers, explain its 
composition, analyse its dynamic processes, and evaluate its planetary context and geological 
evolution. These abilities directly align with the Series Learning Outcomes, ensuring you have 
gained the essential knowledge and skills to progress confidently into the next Series. 

Glossary of Terms 

• Asthenosphere: The semi-fluid layer of the mantle beneath the lithosphere that allows 
tectonic plates to move. 

• Convection: The circulation of material caused by differences in temperature and density, 
driving mantle dynamics. 

• Core: The innermost layer of the Earth, composed mainly of iron and nickel, divided into a 
solid inner core and a liquid outer core. 

• Crust: The outermost layer of the Earth, divided into continental and oceanic crust. 

• Elements: Basic chemical substances that cannot be broken down further, forming the 
building blocks of minerals. 

• Geological time: The vast span of Earth’s history, divided into eons, eras, periods, and 
epochs. 

• Mantle: The thick layer between the core and crust, composed of silicate minerals, where 
convection currents occur. 

• Minerals: Naturally occurring inorganic substances with a definite chemical composition 
and crystalline structure. 

• Plate tectonics: The theory that the Earth’s lithosphere is divided into plates that move and 
interact at boundaries. 

• Rocks: Solid aggregates of minerals, classified into igneous, sedimentary, and 
metamorphic types. 

Concept Check Questions [Series 1] 

Objective questions 

1. Which two metals primarily make up the Earth’s core? (Linked to SLO 1.1) 

2. Which type of rock is formed from the cooling of magma? (Linked to SLO 1.2) 

3. At which type of plate boundary is new crust formed? (Linked to SLO 1.3) 

Short-answer questions 

4. Define convection and explain its role in mantle dynamics. (Linked to SLO 1.3) 

5. What evidence is used to establish divisions in geological time? (Linked to SLO 1.4) 
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Long-answer questions 

6. Analyse the differences between continental and oceanic crust, and evaluate their 
significance in geological processes. (Linked to SLO 1.1) 

o Basic response: Describe thickness, composition, and distribution. 

o Value-added response: Discuss how these differences influence tectonic activity, 
resource distribution, and landform development. 

7. Evaluate the importance of the Earth’s position in the solar system for sustaining life. 
(Linked to SLO 1.4) 

o Basic response: Explain distance from the Sun and presence of liquid water. 

o Value-added response: Discuss atmosphere composition, geological activity, and 
long-term planetary stability. 

Answers to Pilot Questions [Series 1] 

Part 1.1 

• Iron and nickel. 

• Inner core is solid, outer core is liquid. 

• Convection currents. 

• Continental and oceanic crust; continental is thicker and granitic, oceanic is thinner and 
basaltic. 

• Oceanic crust. 

Part 1.2 

• Oxygen, silicon, aluminium. 

• A naturally occurring inorganic substance with definite composition and crystalline 
structure. 

• Igneous, sedimentary, metamorphic; formed by cooling, compaction, or alteration. 

• Igneous rocks. 

• Heat, pressure, or chemical processes. 

Part 1.3 

• Radioactive decay and residual heat. 

• Circulation of material due to temperature and density differences; drives mantle 
dynamics. 
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• The lithosphere is divided into plates that move over the asthenosphere. 

• Divergent, convergent, transform. 

• Divergent boundaries. 

Part 1.4 

• Atmosphere with oxygen, dynamic geological processes, presence of water. 

• Vast span of Earth’s history divided into units. 

• Eons, eras, periods, epochs. 

• Rocks, fossils, radiometric dating. 

• Its position in the habitable zone. 

References and Attributions [Series 1] 

• Figures and Plates: Suggested AI prompts such as “Create a labelled diagram of Earth’s 
internal layers highlighting the inner and outer core” and “Illustrate mantle convection 
currents driving plate tectonics.” 

• Tables and Boxes: Suggested AI prompts such as “Create a table showing the major 
elements in the Earth’s crust with their approximate percentages” and “Create a table 
summarising the geological time scale with eons, eras, periods, and epochs.” 

• Open Educational Resources (OER) search strings: “Earth core structure diagram OER 
geology,” “mantle convection currents diagram OER geology,” “rock cycle diagram OER 
geology,” “plate tectonics boundaries diagram OER geology,” “Earth solar system diagram 
OER astronomy,” “geological time scale chart OER geology.” 

• Attribution style: Content adapted for educational purposes from standard geology 
references and OER materials. AI-generated illustrations are based on prompts provided 
within the Series. 

 

 

 

Series 2: Surface Processes And Weathering 
Series outline 

• 2.1 Principles Of Weathering 

o 2.1.1 Physical weathering 
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o 2.1.2 Chemical weathering 

o 2.1.3 Biotic weathering 

• 2.2 Agents Of Surface Processes 

o 2.2.1 Water current 

o 2.2.2 Wind 

o 2.2.3 Gravity 

o 2.2.4 Glacial ice 

• 2.3 Processes Of Erosion, Transportation, And Sedimentation 

o 2.3.1 Erosion mechanisms 

o 2.3.2 Transportation of materials 

o 2.3.3 Sedimentation and landform evolution 

• 2.4 Ocean Processes 

o 2.4.1 Turbidity currents 

o 2.4.2 Turbidites 

 

 

 

Introduction 

Weathering and surface processes are central to the study of geology because they explain how 
the Earth’s surface is continually shaped and reshaped. Every landscape we see today, from 
valleys to deserts, has been influenced by the breakdown of rocks and the action of natural agents 
such as water, wind, gravity, and ice. These processes not only create landforms but also play a 
vital role in mineral deposition and the distribution of resources. By studying them, you will gain 
insight into the dynamic nature of the Earth’s surface and its ongoing transformation. 

The aim of this Series is to equip you with knowledge of the principles of weathering and the agents 
of surface processes, and to help you analyse how erosion, transportation, sedimentation, and 
ocean processes contribute to the evolution of landforms. 

We shall commence this Series by exploring the principles of weathering, including physical, 
chemical, and biotic processes. Next, we will examine the agents of surface processes, such as 
water current, wind, gravity, and glacial ice. Following that, we will study the processes of erosion, 
transportation, and sedimentation, which explain how materials are moved and deposited to 
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form new landforms. Finally, we will conclude with ocean processes, focusing on turbidity 
currents and turbidites that shape the seabed. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 2.1 define the principles of physical, chemical, and biotic weathering, 

• SLO 2.2 explain the role of water current, wind, gravity, and glacial ice as agents of surface 
processes, 

• SLO 2.3 analyse the mechanisms of erosion, transportation, and sedimentation in shaping 
landforms, and 

• SLO 2.4 evaluate the significance of ocean processes, including turbidity currents and 
turbidites, in the evolution of seabed structures. 

 

2.1 Principles Of Weathering 

2.1.1 Physical weathering 

Physical weathering is the mechanical breakdown of rocks into smaller fragments without 
changing their chemical composition. It occurs through processes such as freeze–thaw action, 
thermal expansion, and abrasion. For example, in cold climates, water enters cracks in rocks, 
freezes, and expands, causing the rock to fracture. Similarly, repeated heating and cooling in 
deserts can cause rocks to split apart. 

Fill in the blank: The mechanical breakdown of rocks without chemical change is called ______ 
weathering. 
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Diagram showing freeze–thaw weathering in rock cracks. Figure 2.1: Freeze–thaw action in physical 
weathering  

 

2.1.2 Chemical weathering 

Chemical weathering involves the alteration of rock minerals through chemical reactions. 
Common processes include oxidation, hydrolysis, and carbonation. For instance, iron-bearing 
minerals oxidise to form rust, while feldspar minerals undergo hydrolysis to form clay. Carbonation 
occurs when carbon dioxide dissolves in water, forming carbonic acid that reacts with limestone. 

Fill in the blank: When carbon dioxide dissolves in water to form carbonic acid, the process is 
called ______. 
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Diagram showing chemical weathering of limestone through carbonation. Figure 2.2: Carbonation 
of limestone in chemical weathering  

 

2.1.3 Biotic weathering 

Biotic weathering is caused by living organisms such as plants, animals, and microbes. Plant 
roots can grow into cracks in rocks, exerting pressure and breaking them apart. Lichens and 
mosses produce organic acids that chemically alter rock surfaces. Burrowing animals also 
contribute by exposing rocks to air and water, accelerating other weathering processes. 

Fill in the blank: The acids produced by lichens and mosses contribute to ______ weathering. 
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Photograph of plant roots breaking through rock surfaces. Plate 2.1: Plant roots causing biotic 
weathering  

 

Pilot questions 2.1 

1. What is the main difference between physical and chemical weathering? 

2. Name two processes that cause physical weathering. 

3. Which chemical process leads to the formation of clay minerals from feldspar? 

4. How does carbonation affect limestone? 

5. Give one example of how living organisms contribute to biotic weathering. 

 

2.2 Agents Of Surface Processes 

2.2.1 Water current 

Water current is one of the most powerful agents of surface processes. Flowing rivers and streams 
erode rocks, transport sediments, and deposit materials downstream. Over time, this action 
creates valleys, floodplains, and deltas. The speed and volume of water determine the extent of 
erosion and deposition, with faster currents carrying larger particles. 

Fill in the blank: The deposition of sediments at the mouth of a river forms a ______. 
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Diagram showing river erosion, transportation, and deposition forming a delta. Figure 2.3: River 
processes shaping landforms  

 

2.2.2 Wind 

Wind acts as an agent of erosion and deposition, especially in arid and semi-arid regions. It 
transports fine particles such as sand and dust, creating landforms like dunes and loess deposits. 
Wind erosion occurs through deflation, where loose particles are lifted, and abrasion, where 
particles strike rock surfaces, wearing them down. 

Fill in the blank: The lifting and removal of loose particles by wind is called ______. 
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Photograph of sand dunes formed by wind action. Plate 2.2: Sand dunes shaped by wind processes  

 

2.2.3 Gravity 

Gravity influences surface processes by pulling materials downslope. This results in mass wasting, 
which includes landslides, rockfalls, and soil creep. These processes occur when the force of 
gravity exceeds the strength of materials holding the slope together. Gravity-driven movements are 
often sudden and destructive, reshaping landscapes dramatically. 

Fill in the blank: The downslope movement of soil and rock under gravity is called ______ wasting. 
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Diagram showing types of mass wasting such as landslides and rockfalls. Figure 2.4: Gravity-driven 
mass wasting processes  

 

2.2.4 Glacial ice 

Glacial ice is a powerful agent of erosion and deposition in cold regions. Glaciers erode 
landscapes by plucking and abrasion, carving out U-shaped valleys and fjords. As glaciers move, 
they transport large amounts of rock debris, which are later deposited as moraines, drumlins, and 
outwash plains. Glacial processes have been significant in shaping many parts of the Earth’s 
surface during past ice ages. 

Fill in the blank: Deposits left behind by glaciers are called ______. 



 

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

Photograph of a U-shaped valley formed by glacial erosion. Plate 2.3: U-shaped valley carved by 
glacial ice  

 

Pilot questions 2.2 

1. What landform is created by the deposition of sediments at a river mouth? 

2. Define deflation in the context of wind erosion. 

3. What is mass wasting, and what are its main types? 

4. Name two landforms created by glacial erosion. 

5. What type of deposits are left behind by glaciers? 

 

2.3 Processes Of Erosion, Transportation, And Sedimentation 

2.3.1 Erosion mechanisms 

Erosion is the wearing away of rocks and soil from the Earth’s surface by natural agents such as 
water, wind, ice, and gravity. It involves processes like hydraulic action, abrasion, and solution. 
Hydraulic action occurs when moving water forces air into cracks, breaking rocks apart. Abrasion 
happens when particles carried by agents scrape against surfaces, while solution involves the 
chemical removal of soluble materials. 

Fill in the blank: The scraping of rock surfaces by particles carried in water or wind is called ______. 
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Diagram showing different erosion mechanisms: hydraulic action, abrasion, and solution. Figure 
2.5: Mechanisms of erosion  

 

2.3.2 Transportation of materials 

Transportation refers to the movement of eroded materials from one place to another. The 
efficiency of transportation depends on the energy of the transporting agent. Rivers carry 
sediments in suspension, saltation, and traction, while wind transports fine particles over long 
distances. Glaciers move large boulders embedded in ice, and gravity pulls materials downslope. 

Fill in the blank: The bouncing movement of small particles along a riverbed is called ______. 
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Diagram showing modes of sediment transport in rivers: suspension, saltation, and traction. Figure 
2.6: Modes of sediment transport in rivers  

 

2.3.3 Sedimentation and landform evolution 

Sedimentation is the process of depositing transported materials. It occurs when the energy of the 
transporting agent decreases, causing particles to settle. Sedimentation leads to the formation of 
landforms such as deltas, alluvial fans, sand dunes, and glacial moraines. Over time, these 
deposits accumulate and evolve into larger geological structures, contributing to the dynamic 
landscape of the Earth. 

Fill in the blank: When river energy decreases, sediments are deposited to form a ______. 
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Photograph of a delta formed by sediment deposition at a river mouth. Plate 2.4: Delta formed by 
sedimentation  

 

Pilot questions 2.3 

1. What are the three main mechanisms of erosion? 

2. Define saltation in the context of sediment transport. 

3. Which transporting agent can move large boulders embedded in ice? 

4. Name two landforms created by sedimentation. 

5. What happens when the energy of a transporting agent decreases? 

 

2.4 Ocean Processes 

2.4.1 Turbidity currents 

Turbidity currents are underwater density flows of sediment-laden water that move downslope 
due to gravity. They occur when sediments on the continental shelf become unstable and suddenly 
slide into deeper waters. These currents can travel at high speeds, carrying large amounts of 
material and reshaping the seabed. Turbidity currents are important because they transport 
sediments into deep ocean basins, forming distinctive deposits. 

Fill in the blank: Sediment-laden underwater flows driven by gravity are called ______ currents. 
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Diagram showing the movement of turbidity currents downslope into deep ocean basins. Figure 
2.7: Turbidity currents transporting sediments  

 

2.4.2 Turbidites 

Turbidites are the layered sedimentary deposits formed by turbidity currents. They typically display 
graded bedding, where coarse materials settle first, followed by finer particles. This pattern reflects 
the decreasing energy of the current as it slows down. Turbidites are significant in geology because 
they provide evidence of past turbidity currents and help reconstruct ancient marine environments. 

Fill in the blank: The sedimentary deposits formed by turbidity currents are called ______. 
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Photograph of turbidite layers showing graded bedding. Plate 2.5: Turbidite deposits with graded 
bedding  

 

Pilot questions 2.4 

1. What are turbidity currents, and how do they form? 

2. What type of deposits do turbidity currents create? 

3. Define graded bedding in the context of turbidites. 

4. Why are turbidites important in reconstructing ancient marine environments? 

5. Which factor drives turbidity currents downslope? 

 

Series Summary 

This Series has explored the processes that shape the Earth’s surface through weathering, erosion, 
transportation, sedimentation, and ocean dynamics. We began with the principles of weathering, 
examining physical, chemical, and biotic processes that break down rocks. We then studied the 
agents of surface processes, including water, wind, gravity, and glacial ice, which act to move 
and reshape materials. Following that, we analysed the processes of erosion, transportation, 
and sedimentation, showing how landscapes evolve through the removal, movement, and 
deposition of materials. Finally, we considered ocean processes, focusing on turbidity currents 
and turbidites that influence seabed structures. 
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By completing this Series, you should now be able to define weathering processes, explain the role 
of surface agents, analyse erosion and sedimentation mechanisms, and evaluate ocean 
processes. These abilities directly align with the Series Learning Outcomes, ensuring you are well 
prepared to progress into the study of landforms and geologic structures in the next Series. 

Glossary of Terms 

• Abrasion: The scraping of rock surfaces by particles carried in water, wind, or ice. 

• Biotic weathering: Breakdown of rocks caused by living organisms such as plants, 
animals, and microbes. 

• Carbonation: A chemical weathering process where carbon dioxide dissolves in water to 
form carbonic acid, which reacts with rocks like limestone. 

• Deflation: The lifting and removal of loose particles by wind. 

• Erosion: The wearing away of rocks and soil by natural agents such as water, wind, ice, and 
gravity. 

• Glacial ice: Large masses of moving ice that erode and deposit materials, forming 
distinctive landforms. 

• Mass wasting: The downslope movement of soil and rock under the influence of gravity. 

• Saltation: The bouncing movement of small particles along a riverbed or surface. 

• Sedimentation: The process of depositing transported materials when the energy of the 
transporting agent decreases. 

• Turbidity currents: Sediment-laden underwater flows driven by gravity. 

• Turbidites: Layered sedimentary deposits formed by turbidity currents, often showing 
graded bedding. 

• Weathering: The breakdown of rocks at the Earth’s surface through physical, chemical, or 
biological processes. 

Concept Check Questions [Series 2] 

Objective questions 

1. Which type of weathering involves the mechanical breakdown of rocks without chemical 
change? (Linked to SLO 2.1) 

2. The lifting and removal of loose particles by wind is called ______. (Linked to SLO 2.2) 

3. Which transporting agent can move large boulders embedded in ice? (Linked to SLO 2.3) 

4. Sediment-laden underwater flows driven by gravity are called ______ currents. (Linked to 
SLO 2.4) 
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Short-answer questions 

5. Define carbonation and explain its effect on limestone. (Linked to SLO 2.1) 

6. What is mass wasting, and what are its main types? (Linked to SLO 2.2) 

7. Describe saltation and its role in sediment transport. (Linked to SLO 2.3) 

8. What evidence do turbidites provide about ancient marine environments? (Linked to SLO 
2.4) 

Long-answer questions 

9. Analyse the differences between physical, chemical, and biotic weathering, and evaluate 
their combined impact on landscape evolution. (Linked to SLO 2.1) 

o Basic response: Describe each type of weathering with examples. 

o Value-added response: Discuss how these processes interact over time to shape 
diverse landscapes. 

10. Evaluate the role of water, wind, gravity, and glacial ice as agents of surface processes in 
shaping landforms. (Linked to SLO 2.2) 

• Basic response: Explain each agent with examples of landforms created. 

• Value-added response: Compare their relative importance in different environments and 
geological settings. 

Answers to Pilot Questions [Series 2] 

Part 2.1 

• Physical weathering breaks rocks mechanically; chemical weathering alters minerals 
chemically. 

• Freeze–thaw action, thermal expansion. 

• Hydrolysis. 

• Carbonation dissolves limestone. 

• Plant roots breaking rocks. 

Part 2.2 

• A delta. 

• Deflation. 

• Downslope movement of soil and rock under gravity. 

• U-shaped valleys, fjords. 
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• Moraines. 

Part 2.3 

• Hydraulic action, abrasion, solution. 

• Bouncing movement of particles along a riverbed. 

• Glaciers. 

• Deltas, alluvial fans. 

• Sediments are deposited. 

Part 2.4 

• Sediment-laden underwater flows caused by slope instability. 

• Turbidites. 

• Graded bedding. 

• Evidence of past turbidity currents and marine environments. 

• Gravity. 

References and Attributions [Series 2] 

• Figures and Plates: Suggested AI prompts such as “Illustrate freeze–thaw weathering with 
water expanding in rock cracks,” “Create a labelled diagram showing turbidity currents 
moving sediments downslope into the deep ocean,” and “Photograph of turbidite deposits 
showing graded bedding.” 

• Tables and Boxes: Suggested AI prompts such as “Create a table summarising the 
geological time scale with eons, eras, periods, and epochs.” 

• Open Educational Resources (OER) search strings: “freeze thaw weathering diagram OER 
geology,” “chemical weathering carbonation diagram OER geology,” “wind erosion sand 
dunes OER geology,” “mass wasting landslide diagram OER geology,” “sediment transport 
river diagram OER geology,” “river delta sedimentation OER geology,” “turbidity currents 
diagram OER geology,” “turbidite deposits graded bedding OER geology.” 

• Attribution style: Content adapted for educational purposes from standard geology 
references and OER materials. AI-generated illustrations are based on prompts provided 
within the Series. 
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Series 3: Landforms And Geologic Structures 
Series outline 

• 3.1 Classification Of Landforms 

o 3.1.1 Endogenic landforms (volcanic mountains, fold mountains, fault-block 
structures) 

o 3.1.2 Exogenic landforms (erosional and depositional features) 

• 3.2 Major Geologic Structures 

o 3.2.1 Folds 

o 3.2.2 Faults 

o 3.2.3 Joints 

• 3.3 Landform Evolution 

o 3.3.1 Cycles of erosion 

o 3.3.2 Influence of climate and tectonics 

o 3.3.3 Human impact on landform development 

• 3.4 Case Studies Of Landforms 

o 3.4.1 Mountain ranges 

o 3.4.2 River valleys and deltas 

o 3.4.3 Coastal features 

 

 

 

Introduction 

Landforms and geologic structures are the visible results of the Earth’s internal and external 
processes working over vast periods of time. From towering mountains to deep valleys, and from 
folds and faults to coastal features, these structures tell the story of how the planet has evolved. 
Studying them is essential because they provide evidence of tectonic activity, climate influence, 
and even human impact on the landscape. This Series will therefore help you connect the 
processes you studied earlier with the physical features you can observe in the environment. 

The aim of this Series is to introduce you to the classification of landforms and the major geologic 
structures, and to guide you in analysing how landforms evolve under natural and human 
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influences. It also seeks to provide practical case studies that illustrate these concepts in real-
world settings. 

We shall commence this Series by examining the classification of landforms, distinguishing 
between endogenic and exogenic features. Next, we will explore the major geologic structures, 
including folds, faults, and joints. Following that, we will study landform evolution, considering 
cycles of erosion, the influence of climate and tectonics, and human impact. Finally, we will 
conclude with case studies of landforms, focusing on mountain ranges, river valleys and deltas, 
and coastal features to consolidate your understanding. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 3.1 classify landforms into endogenic and exogenic types, and describe their 
distinguishing features. 

• SLO 3.2 explain the formation and characteristics of major geologic structures such as 
folds, faults, and joints. 

• SLO 3.3 analyse the processes of landform evolution, including cycles of erosion, the 
influence of climate and tectonics, and human impact. 

• SLO 3.4 evaluate selected case studies of landforms, including mountain ranges, river 
valleys and deltas, and coastal features, to connect theory with real-world examples. 

 

3.1 Classification Of Landforms 

3.1.1 Endogenic landforms 

Endogenic landforms are created by forces originating within the Earth. These include volcanic 
mountains formed by eruptions, fold mountains produced by compression of crustal rocks, and 
fault-block structures resulting from displacement along faults. Endogenic processes are driven by 
internal heat and tectonic activity, making them powerful agents of landscape formation. 

Fill in the blank: Mountains formed by the compression of crustal rocks are called ______ 
mountains. 
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Diagram showing fold mountains formed by crustal compression. Figure 3.1: Formation of fold 
mountains  

 

3.1.2 Exogenic landforms 

Exogenic landforms are shaped by external forces acting on the Earth’s surface. These include 
erosional features such as valleys, cliffs, and canyons, and depositional features such as deltas, 
sand dunes, and moraines. Exogenic processes are driven by agents like water, wind, ice, and 
gravity, which gradually wear down and reshape the landscape. 

Fill in the blank: Landforms created by the deposition of sediments are called ______ features. 
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Photograph of a river delta as an example of a depositional landform. Plate 3.1: River delta formed 
by deposition  

 

Pilot questions 3.1 

1. What is the main difference between endogenic and exogenic landforms? 

2. Name two examples of endogenic landforms. 

3. Which processes create exogenic landforms? 

4. Give one example of an erosional landform and one of a depositional landform. 

5. What drives the formation of endogenic landforms? 

 

3.2 Major Geologic Structures 

3.2.1 Folds 

Folds are bends in rock layers caused by compressional forces within the Earth’s crust. They occur 
when rocks are subjected to stress but remain ductile rather than fracturing. Common types 
include anticlines (upward-arching folds) and synclines (downward trough-like folds). Folds are 
significant because they often form mountain ranges and can trap valuable resources such as oil 
and gas. 

Fill in the blank: An upward-arching fold in rock layers is called an ______. 
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Diagram showing anticlines and synclines in folded strata. Figure 3.2: Types of folds in rock layers  

 

3.2.2 Faults 

Faults are fractures in the Earth’s crust along which movement has occurred. They result from 
tectonic forces that exceed the strength of rocks, causing displacement. Faults are classified into 
normal faults (caused by tension), reverse faults (caused by compression), and strike-slip faults 
(caused by horizontal shearing). Faults are closely associated with earthquakes and play a major 
role in shaping landscapes. 

Fill in the blank: Faults caused by compressional forces are called ______ faults. 
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Diagram showing normal, reverse, and strike-slip faults. Figure 3.3: Types of faults in the Earth’s 
crust  

 

3.2.3 Joints 

Joints are fractures in rocks where no significant movement has occurred. They are common in 
many rock types and often form due to cooling, contraction, or tectonic stress. Joints increase rock 
permeability, allowing water to penetrate and accelerate weathering. They also influence the 
development of landforms such as cliffs and valleys. 

Fill in the blank: Fractures in rocks without displacement are called ______. 
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Photograph of jointed rock surfaces in a cliff face. Plate 3.2: Joints in rock formations  

 

Pilot questions 3.2 

1. What causes folds in rock layers? 

2. Name two types of folds. 

3. What are the three main types of faults? 

4. Which type of fault is associated with compressional forces? 

5. How do joints influence weathering processes? 

 

3.3 Landform Evolution 

3.3.1 Cycles of erosion 

Cycles of erosion describe the progressive stages through which landscapes evolve under the 
influence of external processes. According to Davis’s model, landforms pass through youth 
(characterised by steep slopes and rapid erosion), maturity (gentler slopes and well-developed 
valleys), and old age (broad plains with minimal relief). These cycles highlight the long-term 
transformation of landscapes. 

Fill in the blank: In Davis’s model, landscapes with steep slopes and rapid erosion are in the stage 
of ______. 
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Diagram showing the stages of Davis’s cycle of erosion: youth, maturity, and old age. Figure 3.4: 
Stages of erosion cycle  

 

3.3.2 Influence of climate and tectonics 

Climate and tectonics play a major role in landform evolution. Climate determines the intensity of 
weathering and erosion, with humid regions favouring chemical weathering and arid regions 
favouring physical weathering. Tectonic activity influences uplift, subsidence, and deformation, 
which create new relief and modify existing landforms. Together, these factors ensure that 
landscapes are dynamic and varied across the globe. 

Fill in the blank: Humid regions favour ______ weathering, while arid regions favour physical 
weathering. 
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Photograph comparing humid tropical landscapes with arid desert landscapes. Plate 3.3: Influence 
of climate on landform evolution  

 

3.3.3 Human impact on landform development 

Human activities such as mining, deforestation, urbanisation, and dam construction significantly 
alter landforms. These actions accelerate erosion, change drainage patterns, and create artificial 
features. While natural processes shape landscapes over geological time, human impact can 
cause rapid and sometimes irreversible changes. Understanding these influences is crucial for 
sustainable land management. 

Fill in the blank: Human activities such as mining and deforestation accelerate the process of 
______. 
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Photograph of a landscape altered by mining activity. Plate 3.4: Human impact on landform 
development  

 

Pilot questions 3.3 

1. What are the three stages in Davis’s cycle of erosion? 

2. How does climate influence landform evolution? 

3. What role does tectonic activity play in shaping landscapes? 

4. Give two examples of human activities that alter landforms. 

5. Why is it important to understand human impact on landform development? 

 

3.4 Case Studies Of Landforms 

3.4.1 Mountain ranges 

Mountain ranges are large systems of mountains formed mainly by tectonic forces such as folding 
and faulting. Examples include the Himalayas, formed by the collision of the Indian and Eurasian 
plates, and the Andes, shaped by subduction along the South American margin. These ranges 
illustrate how endogenic processes create dramatic relief and influence climate, biodiversity, and 
human settlement. 

Fill in the blank: The Himalayas were formed by the collision of the ______ and Eurasian plates. 
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Photograph of the Himalayas as an example of a tectonic mountain range. Plate 3.5: Himalayas 
formed by plate collision  

 

3.4.2 River valleys and deltas 

River valleys are formed by the erosional action of rivers cutting through landscapes, while deltas 
are depositional features created at river mouths where sediments accumulate. The Nile Valley 
demonstrates the role of rivers in shaping fertile plains, while the Ganges Delta highlights how 
sedimentation creates extensive low-lying landforms. These features show the combined influence 
of erosion, transportation, and deposition. 

Fill in the blank: Depositional features at river mouths are called ______. 
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Photograph of the Ganges Delta showing extensive sediment deposition. Plate 3.6: Ganges Delta 
formed by river deposition  

 

3.4.3 Coastal features 

Coastal features are shaped by the interaction of waves, tides, and currents with the shoreline. 
Erosional features include cliffs, arches, and stacks, while depositional features include beaches, 
spits, and barrier islands. For example, the White Cliffs of Dover in England illustrate marine 
erosion, while the Mississippi Delta demonstrates coastal deposition. These features highlight the 
dynamic nature of coastal environments. 

Fill in the blank: Landforms such as beaches and spits are examples of ______ coastal features. 
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Photograph of the White Cliffs of Dover as an erosional coastal feature. Plate 3.7: White Cliffs of 
Dover formed by marine erosion  

 

Pilot questions 3.4 

1. Which plates collided to form the Himalayas? 

2. What is the difference between a river valley and a delta? 

3. Name two depositional coastal features. 

4. Give one example of an erosional coastal feature. 

5. Why are deltas important for human settlement? 

 

Series Summary 

This Series has examined how the Earth’s landforms and geologic structures are classified, 
formed, and evolved. We began with the classification of landforms, distinguishing between 
endogenic features created by internal forces and exogenic features shaped by external agents. We 
then studied major geologic structures, including folds, faults, and joints, which reveal the 
stresses acting on the Earth’s crust. Following that, we explored landform evolution, considering 
cycles of erosion, the influence of climate and tectonics, and the accelerating impact of human 
activities. Finally, we applied these concepts through case studies of landforms, focusing on 
mountain ranges, river valleys and deltas, and coastal features. 
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By completing this Series, you should now be able to classify landforms, explain geologic 
structures, analyse landform evolution, and evaluate real-world examples. These abilities align 
with the Series Learning Outcomes and prepare you for deeper study in Series 4: Earth Materials 
and the Rock Cycle. 

Glossary of Terms 

• Anticline: An upward-arching fold in rock layers. 

• Delta: A depositional landform created at the mouth of a river. 

• Endogenic landforms: Features formed by internal Earth processes such as tectonics and 
volcanism. 

• Exogenic landforms: Features shaped by external agents like water, wind, and ice. 

• Fault: A fracture in the Earth’s crust along which movement has occurred. 

• Joint: A fracture in rock without displacement. 

• Mass wasting: Downslope movement of soil and rock under gravity. 

• Syncline: A downward trough-like fold in rock layers. 

• Turbidite: A sedimentary deposit formed by turbidity currents, often showing graded 
bedding. 

• Cycle of erosion: A model describing stages of landscape development (youth, maturity, 
old age). 

Concept Check Questions [Series 3] 

Objective questions 

1. An upward-arching fold in rock layers is called an ______. (Linked to SLO 3.2) 

2. Landforms shaped by external agents are called ______ landforms. (Linked to SLO 3.1) 

3. Which type of fault is caused by compressional forces? (Linked to SLO 3.2) 

4. In Davis’s model, landscapes with steep slopes are in the stage of ______. (Linked to SLO 
3.3) 

Short-answer questions 

5. Define a delta and explain how it forms. (Linked to SLO 3.1) 

6. What is the difference between a fault and a joint? (Linked to SLO 3.2) 

7. How does climate influence landform evolution? (Linked to SLO 3.3) 

8. Give one example each of an erosional and a depositional coastal feature. (Linked to SLO 
3.4) 
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Long-answer questions 

9. Analyse the differences between endogenic and exogenic landforms, providing examples of 
each. (Linked to SLO 3.1) 

o Basic response: Define each type and give examples. 

o Value-added response: Discuss how they interact to create complex landscapes. 

10. Evaluate the role of tectonic activity, climate, and human impact in shaping landform 
evolution. (Linked to SLO 3.3) 

• Basic response: Explain each factor separately. 

• Value-added response: Compare their relative importance and discuss sustainability 
implications. 

Answers to Pilot Questions [Series 3] 

Part 3.1 

• Endogenic landforms are formed by internal forces; exogenic landforms by external agents. 

• Volcanic mountains, fold mountains. 

• Water, wind, ice, gravity. 

• Canyon (erosional), delta (depositional). 

• Internal heat and tectonic activity. 

Part 3.2 

• Compression of crustal rocks. 

• Anticline, syncline. 

• Normal, reverse, strike-slip. 

• Reverse faults. 

• They allow water penetration, accelerating weathering. 

Part 3.3 

• Youth, maturity, old age. 

• Humid regions favour chemical weathering; arid regions favour physical weathering. 

• Uplift, subsidence, deformation. 

• Mining, deforestation. 

• To manage landscapes sustainably. 
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Part 3.4 

• Indian and Eurasian plates. 

• Valleys are erosional; deltas are depositional. 

• Beaches, spits. 

• Cliffs. 

• They provide fertile land and settlement opportunities. 

References and Attributions [Series 3] 

• Figures and Plates: Suggested AI prompts such as “Create a labelled diagram showing 
anticlines and synclines in folded rock strata,” “Photograph of the Himalayas showing 
tectonic mountain range,” and “Photograph of the White Cliffs of Dover showing marine 
erosion.” 

• Open Educational Resources (OER) search strings: “fold mountains diagram OER geology,” 
“fault types diagram OER geology,” “cycle of erosion Davis diagram OER geology,” “humid 
vs arid landscape comparison OER geology,” “Himalayas mountain range OER geology,” 
“Ganges Delta depositional landform OER geology,” “White Cliffs of Dover coastal erosion 
OER geology.” 

• Attribution style: Content adapted for educational purposes from standard geology 
references and OER materials. AI-generated illustrations are based on prompts provided 
within the Series. 

 

 

 

Series 4: Earth Resources And Mineral Identification 
Series outline 

• 4.1 Classification Of Earth Resources 

o 4.1.1 Renewable resources (water, soil, forests) 

o 4.1.2 Non-renewable resources (minerals, fossil fuels) 

o 4.1.3 Strategic and critical resources 

• 4.2 Properties And Identification Of Minerals 

o 4.2.1 Physical properties (color, streak, hardness, cleavage, fracture, luster) 



 

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

o 4.2.2 Chemical properties and tests 

o 4.2.3 Field and laboratory identification methods 

• 4.3 Economic Importance Of Minerals 

o 4.3.1 Industrial uses 

o 4.3.2 Energy resources 

o 4.3.3 Environmental considerations 

• 4.4 Case Studies Of Mineral Resources 

o 4.4.1 Metallic minerals (iron, copper, gold) 

o 4.4.2 Non-metallic minerals (limestone, gypsum, clay) 

o 4.4.3 Fossil fuels (coal, petroleum, natural gas) 

 

 

 

Introduction 

Earth resources and minerals are the foundation of human civilisation. From the water we drink 
and the soil we cultivate, to the metals and fuels that power industries, these resources sustain life 
and drive economic development. Understanding their classification, properties, and identification 
is crucial for geologists, environmental scientists, and resource managers. 

The aim of this Series is to provide you with a clear framework for classifying Earth resources, 
identifying minerals through their physical and chemical properties, and appreciating their 
economic importance. It also seeks to connect theory with practice by examining case studies of 
key mineral resources. 

We shall begin with the classification of Earth resources, distinguishing between renewable, non-
renewable, and strategic categories. Next, we will study the properties and identification of 
minerals, focusing on physical and chemical characteristics as well as field and laboratory 
methods. Following that, we will explore the economic importance of minerals, considering 
industrial uses, energy resources, and environmental implications. Finally, we will consolidate 
learning through case studies of mineral resources, including metallic, non-metallic, and fossil 
fuel examples. 

 

Series Learning Outcomes 

Upon completing Series 4: Earth Resources and Mineral Identification, you should be able to: 
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• SLO 4.1 classify Earth resources into renewable, non-renewable, and strategic categories, 
and explain their significance. 

• SLO 4.2 identify minerals using their physical and chemical properties, applying both field 
and laboratory methods. 

• SLO 4.3 analyse the economic importance of minerals, including their industrial uses, 
energy roles, and environmental implications. 

• SLO 4.4 evaluate case studies of metallic, non-metallic, and fossil fuel resources to 
connect theoretical knowledge with practical examples. 

 

4.1 Classification Of Earth Resources 

4.1.1 Renewable resources 

Renewable resources are those that can be naturally replenished within a human timescale. 
Examples include water, soil, forests, and solar energy. These resources are vital for sustaining life 
and ecosystems, but they require careful management to prevent depletion or degradation. 

Fill in the blank: Resources such as water and forests that can be replenished are called ______ 
resources. 

Photograph of a forest ecosystem representing renewable resources. Plate 4.1: Forest ecosystem 
as a renewable resource  

 

4.1.2 Non-renewable resources 
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Non-renewable resources are finite and cannot be replenished within a human timescale. These 
include minerals, fossil fuels, and metals. Once extracted and consumed, they are gone for good, 
making their sustainable use critical. Non-renewable resources are the backbone of 
industrialisation but also pose environmental challenges. 

Fill in the blank: Coal, petroleum, and natural gas are examples of ______ resources. 

Photograph of coal mining as an example of non-renewable resource extraction. Plate 4.2: Coal 
mining site as a non-renewable resource  

 

4.1.3 Strategic and critical resources 

Strategic and critical resources are those essential for national security, economic stability, and 
technological advancement. Examples include rare earth elements, uranium, and lithium. These 
resources are often limited in supply and concentrated in specific regions, making them 
geopolitically significant. 

Fill in the blank: Rare earth elements and uranium are examples of ______ resources. 
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Photograph of lithium mining site as a critical resource. Plate 4.3: Lithium mining site as a critical 
resource  

 

Pilot questions 4.1 

1. What is the main difference between renewable and non-renewable resources? 

2. Give two examples of renewable resources. 

3. Name three non-renewable resources. 

4. What makes strategic and critical resources geopolitically important? 

5. Why is sustainable management of renewable resources necessary? 

 

4.2 Properties And Identification Of Minerals 

4.2.1 Physical properties 

Minerals are identified by their physical properties, which include: 

• Color: The visible hue of a mineral, though not always diagnostic. 

• Streak: The color of a mineral’s powder when rubbed on a streak plate. 

• Hardness: Measured using Mohs scale, ranging from talc (1) to diamond (10). 

• Cleavage: The tendency of a mineral to break along planes of weakness. 
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• Fracture: The irregular breakage of minerals without cleavage. 

• Luster: The way a mineral reflects light (metallic, vitreous, dull, etc.). 

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

Diagram showing Mohs hardness scale with common minerals. Figure 4.1: Mohs hardness scale  

 

4.2.2 Chemical properties and tests 

Minerals can also be identified by their chemical properties, which involve reactions with acids, 
flame tests, and other laboratory methods. For example, calcite effervesces when exposed to 
dilute hydrochloric acid, while halite can be identified by its salty taste (though tasting is 
discouraged in practice). 

Fill in the blank: Calcite reacts with dilute hydrochloric acid by producing ______. 
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Diagram showing calcite effervescing in dilute hydrochloric acid. Figure 4.2: Chemical test for 
calcite  

 

4.2.3 Field and laboratory identification methods 

Minerals are identified using a combination of field methods (visual inspection, hardness tests, 
streak tests) and laboratory methods (X-ray diffraction, spectroscopy, chemical analysis). Field 
methods provide quick identification, while laboratory methods confirm mineral composition with 
precision. 

Fill in the blank: The laboratory technique that uses crystal structure to identify minerals is called 
______ diffraction. 



 

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

Photograph of a geologist using a hand lens to identify minerals in the field. Plate 4.4: Field 
identification of minerals  

 

Pilot questions 4.2 

1. What are the six main physical properties used to identify minerals? 

2. Which scale is used to measure mineral hardness? 

3. What happens when calcite reacts with dilute hydrochloric acid? 

4. Name two laboratory methods used for precise mineral identification. 

5. Why are both field and laboratory methods important in mineral identification? 

 

4.3 Economic Importance Of Minerals 

4.3.1 Industrial uses 

Minerals are indispensable in industry. Iron is used in steel production, copper in electrical wiring, 
and bauxite in aluminium manufacturing. Non-metallic minerals such as limestone are used in 
cement production, while gypsum is used in plaster and wallboard. These applications highlight 
how minerals underpin construction, manufacturing, and technology. 

Fill in the blank: The mineral used in cement production is ______. 

4.3.2 Energy resources 
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Minerals also serve as energy resources. Coal, petroleum, and natural gas are fossil fuels that 
power electricity generation, transportation, and industry. Uranium is used in nuclear energy 
production. These resources are central to modern economies but raise concerns about 
sustainability and environmental impact. 

Fill in the blank: Uranium is primarily used in the production of ______ energy. 

4.3.3 Environmental considerations 

The extraction and use of minerals have significant environmental implications. Mining can cause 
deforestation, soil erosion, and water pollution. Fossil fuel combustion contributes to greenhouse 
gas emissions and climate change. Sustainable practices such as recycling, responsible mining, 
and renewable energy adoption are essential to balance economic benefits with environmental 
protection. 

Fill in the blank: The combustion of fossil fuels contributes to ______ gas emissions. 

Photograph of an open-pit mine illustrating environmental impact. Plate 4.5: Environmental impact 
of mineral extraction  

 

Pilot questions 4.3 

1. Name three minerals used in industry and their applications. 

2. Which mineral is used in cement production? 

3. What are the three main fossil fuels? 

4. Uranium is used in the production of which type of energy? 
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5. List two environmental impacts of mining activities. 

 

4.4 Case Studies Of Mineral Resources 

4.4.1 Metallic minerals 

Metallic minerals such as iron, copper, and gold are vital for industrial and technological 
development. 

• Iron is the basis of steel production, used in construction and manufacturing. 

• Copper is essential for electrical wiring and electronics due to its conductivity. 

• Gold is valued for its rarity, durability, and use in jewelry, electronics, and as a financial 
reserve. 

Fill in the blank: The metallic mineral used extensively in electrical wiring is ______. 

4.4.2 Non-metallic minerals 

Non-metallic minerals include limestone, gypsum, and clay. 

• Limestone is used in cement and as a building stone. 

• Gypsum is used in plaster, wallboard, and fertilizers. 

• Clay is used in ceramics, bricks, and tiles. 

Fill in the blank: The non-metallic mineral used in plaster and wallboard is ______. 

4.4.3 Fossil fuels 

Fossil fuels such as coal, petroleum, and natural gas are non-renewable resources that provide 
most of the world’s energy. 

• Coal is used for electricity generation and steel production. 

• Petroleum powers transportation and is a raw material for petrochemicals. 

• Natural gas is used for heating, electricity, and as a cleaner-burning fuel compared to coal. 

Fill in the blank: Petroleum is a fossil fuel primarily used in ______. 
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Photograph of an oil refinery as a case study of fossil fuel resources. Plate 4.6: Oil refinery as a 
fossil fuel resource  

 

Pilot questions 4.4 

1. Name three metallic minerals and their uses. 

2. Which metallic mineral is used in electrical wiring? 

3. Give two examples of non-metallic minerals and their applications. 

4. Which non-metallic mineral is used in plaster and wallboard? 

5. List the three main fossil fuels and their primary uses. 

 

Series Summary 

This Series explored the classification, identification, and importance of Earth resources and 
minerals. We began with the classification of Earth resources, distinguishing renewable, non-
renewable, and strategic/critical categories. We then examined the properties and identification 
of minerals, focusing on physical and chemical characteristics as well as field and laboratory 
methods. Next, we analysed the economic importance of minerals, considering industrial uses, 
energy resources, and environmental implications. Finally, we applied this knowledge through 
case studies of mineral resources, including metallic, non-metallic, and fossil fuel examples. 
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By completing this Series, you should now be able to classify resources, identify minerals, analyse 
their economic significance, and evaluate practical case studies. These skills prepare you for 
deeper study in Series 5: Plate Tectonics and Earth Movements. 

Glossary of Terms 

• Renewable resources: Resources that can be replenished naturally within a human 
timescale. 

• Non-renewable resources: Finite resources such as fossil fuels and minerals. 

• Strategic resources: Minerals critical for national security and technological 
advancement. 

• Mohs scale: A scale measuring mineral hardness from 1 (talc) to 10 (diamond). 

• Cleavage: The tendency of a mineral to break along planes of weakness. 

• Fracture: Irregular breakage of minerals without cleavage. 

• Luster: The way a mineral reflects light. 

• Effervescence: Reaction of calcite with dilute hydrochloric acid, producing bubbles of 
carbon dioxide. 

• X-ray diffraction: Laboratory technique used to identify minerals by their crystal structure. 

• Fossil fuels: Non-renewable energy resources such as coal, petroleum, and natural gas. 

Concept Check Questions [Series 4] 

Objective questions 

1. Coal, petroleum, and natural gas are examples of ______ resources. (Linked to SLO 4.1) 

2. The scale used to measure mineral hardness is called the ______ scale. (Linked to SLO 4.2) 

3. Calcite reacts with dilute hydrochloric acid by producing ______. (Linked to SLO 4.2) 

4. Uranium is primarily used in the production of ______ energy. (Linked to SLO 4.3) 

Short-answer questions 

5. Define renewable resources and give two examples. (Linked to SLO 4.1) 

6. What is the difference between cleavage and fracture in minerals? (Linked to SLO 4.2) 

7. List three industrial uses of metallic minerals. (Linked to SLO 4.3) 

8. Give one example each of a metallic, non-metallic, and fossil fuel resource. (Linked to SLO 
4.4) 

Long-answer questions 
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9. Discuss the classification of Earth resources, highlighting their significance for sustainable 
development. (Linked to SLO 4.1) 

o Basic response: Define categories and give examples. 

o Value-added response: Analyse challenges in managing each category. 

10. Evaluate the economic importance of minerals, considering industrial, energy, and 
environmental perspectives. (Linked to SLO 4.3) 

• Basic response: Describe uses and impacts. 

• Value-added response: Suggest sustainable strategies for resource management. 

Answers to Pilot Questions [Series 4] 

Part 4.1 

• Renewable resources can be replenished; non-renewable cannot. 

• Water, forests. 

• Coal, petroleum, natural gas. 

• They are limited, essential, and geopolitically concentrated. 

• To prevent depletion and ensure sustainability. 

Part 4.2 

• Color, streak, hardness, cleavage, fracture, luster. 

• Mohs scale. 

• Effervescence (release of carbon dioxide gas). 

• X-ray diffraction, spectroscopy. 

• Field methods are quick; laboratory methods are precise. 

Part 4.3 

• Iron (steel), copper (wiring), bauxite (aluminium). 

• Limestone. 

• Coal, petroleum, natural gas. 

• Nuclear energy. 

• Deforestation, water pollution. 

Part 4.4 
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• Iron, copper, gold. 

• Copper. 

• Limestone (cement), gypsum (plaster). 

• Gypsum. 

• Coal (electricity), petroleum (transportation), natural gas (heating). 

References and Attributions [Series 4] 

• Figures and Plates: Suggested AI prompts such as “Create a labelled diagram of Mohs 
hardness scale with talc to diamond,” “Photograph of coal mining site showing non-
renewable resource extraction,” and “Photograph of an oil refinery showing fossil fuel 
resource.” 

• Open Educational Resources (OER) search strings: “forest ecosystem renewable resources 
OER geology,” “Mohs hardness scale diagram OER geology,” “calcite acid test diagram 
OER geology,” “open pit mine environmental impact OER geology,” “oil refinery fossil fuel 
resource OER geology.” 

• Attribution style: Content adapted for educational purposes from standard geology 
references and OER materials. AI-generated illustrations are based on prompts provided 
within the Series. 

 

 

 

Series 5: Deformation And Igneous Intrusions 
Series outline 

• 5.1 Deformation Of Rocks 

o 5.1.1 Stress and strain in rocks 

o 5.1.2 Types of deformation (elastic, brittle, ductile) 

o 5.1.3 Structural features formed by deformation 

• 5.2 Folds And Faults 

o 5.2.1 Types of folds (anticlines, synclines, domes, basins) 

o 5.2.2 Types of faults (normal, reverse, strike-slip, thrust) 

o 5.2.3 Geological significance of folds and faults 
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• 5.3 Igneous Intrusions 

o 5.3.1 Classification of intrusive bodies (plutonic vs hypabyssal) 

o 5.3.2 Forms of intrusions (batholiths, laccoliths, dikes, sills) 

o 5.3.3 Relationship between intrusions and deformation 

• 5.4 Case Studies Of Deformation And Intrusions 

o 5.4.1 Mountain belts and folded structures 

o 5.4.2 Rift valleys and fault systems 

o 5.4.3 Intrusive complexes (e.g., Bushveld Complex, Deccan Traps) 

 

 

 

Introduction 

The Earth’s crust is constantly subjected to forces that deform rocks and create structures such as 
folds, faults, and joints. These deformation processes are fundamental to understanding how 
mountain belts, rift valleys, and other large-scale features form. At the same time, molten material 
from beneath the crust intrudes into existing rock layers, solidifying as igneous intrusions that 
shape the geology of entire regions. 

The aim of this Series is to provide a clear understanding of how rocks deform under stress, the 
structures that result, and the forms of igneous intrusions. It also seeks to connect these 
processes to real-world examples through case studies. 

We shall begin with the deformation of rocks, examining stress, strain, and types of deformation. 
Next, we will study folds and faults, the most common structures formed by deformation. 
Following that, we will explore igneous intrusions, including batholiths, laccoliths, dikes, and sills. 
Finally, we will consolidate learning through case studies of mountain belts, fault systems, and 
intrusive complexes. 

 

Series Learning Outcomes 

Upon completing Series 5: Deformation and Igneous Intrusions, you should be able to: 

• SLO 5.1 explain stress, strain, and the types of deformation in rocks, and describe the 
structural features they produce. 

• SLO 5.2 differentiate between folds and faults, classify their types, and analyse their 
geological significance. 
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• SLO 5.3 classify igneous intrusions into major forms such as batholiths, laccoliths, dikes, 
and sills, and explain their relationship to deformation. 

• SLO 5.4 evaluate case studies of deformation and igneous intrusions, including mountain 
belts, rift valleys, and intrusive complexes. 

 

5.1 Deformation Of Rocks 

5.1.1 Stress and strain in rocks 

Stress is the force applied to rocks, while strain is the resulting change in shape or volume. Stress 
can be compressional (pushing together), tensional (pulling apart), or shear (sliding past). Strain 
reflects how rocks respond—whether they bend, stretch, or break. 

Fill in the blank: The change in shape of rocks due to applied force is called ______. 

Diagram showing compressional, tensional, and shear stress. Figure 5.1: Types of stress in rocks  

 

5.1.2 Types of deformation 

Deformation occurs in three main ways: 

• Elastic deformation: Rocks return to their original shape once stress is removed. 

• Brittle deformation: Rocks break when stress exceeds their strength, forming faults and 
fractures. 

• Ductile deformation: Rocks bend or flow without breaking, forming folds. 
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Fill in the blank: Rocks that bend without breaking undergo ______ deformation. 

Diagram comparing elastic, brittle, and ductile deformation. Figure 5.2: Types of rock deformation  

 

5.1.3 Structural features formed by deformation 

Deformation produces structural features such as folds, faults, and joints. 

• Folds form when rocks bend under compressional stress. 

• Faults occur when rocks fracture and move. 

• Joints are cracks without displacement. 

These features are critical in interpreting Earth’s geologic history and locating resources such as 
oil, gas, and minerals. 

Fill in the blank: Cracks in rocks without displacement are called ______. 
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Photograph of folded rock strata in a mountain belt. Plate 5.1: Folded rock strata formed by 
deformation  

 

Pilot questions 5.1 

1. What is the difference between stress and strain in rocks? 

2. Name the three types of stress. 

3. What are the three types of deformation? 

4. Which type of deformation produces folds? 

5. What structural features are formed by deformation? 

 

5.2 Folds And Faults 

5.2.1 Types of folds 

Folds are bends in rock layers caused by compressional stress. 

• Anticlines: Upward-arching folds. 

• Synclines: Downward trough-like folds. 

• Domes: Circular upward folds. 

• Basins: Circular downward folds. 
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Fill in the blank: An upward-arching fold in rock layers is called an ______. 

Diagram showing anticlines and synclines in folded rock strata. Figure 5.3: Types of folds  

 

5.2.2 Types of faults 

Faults are fractures in rocks where displacement has occurred. 

• Normal faults: Caused by tensional stress, rocks move downward. 

• Reverse faults: Caused by compressional stress, rocks move upward. 

• Strike-slip faults: Caused by shear stress, rocks slide horizontally. 

• Thrust faults: Low-angle reverse faults, common in mountain belts. 

Fill in the blank: Faults caused by tensional stress, where rocks move downward, are called ______ 
faults. 
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Diagram showing normal, reverse, strike-slip, and thrust faults. Figure 5.4: Types of faults  

 

5.2.3 Geological significance of folds and faults 

Folds and faults are vital in interpreting Earth’s geologic history. 

• Folds indicate compressional forces and help locate oil and gas traps. 

• Faults reveal tectonic activity and are associated with earthquakes. 

• Both structures influence landscape development and resource distribution. 

Fill in the blank: Folds are important in locating ______ and gas traps. 
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Photograph of a fault scarp illustrating displacement. Plate 5.2: Fault scarp formed by tectonic 
activity  

 

Pilot questions 5.2 

1. What are anticlines and synclines? 

2. Name the four main types of faults. 

3. Which type of fault is caused by tensional stress? 

4. Why are folds important in petroleum geology? 

5. How do faults relate to earthquakes? 

 

5.3 Igneous Intrusions 

5.3.1 Classification of intrusive bodies 

Igneous intrusions are bodies of magma that solidify beneath the Earth’s surface. They are 
classified into: 

• Plutonic intrusions: Large, deep-seated bodies (e.g., batholiths). 

• Hypabyssal intrusions: Smaller, shallow intrusions (e.g., dikes and sills). 

Fill in the blank: Large, deep-seated igneous intrusions are called ______ intrusions. 
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Diagram showing plutonic vs hypabyssal intrusions. Figure 5.5: Classification of igneous intrusions  

 

5.3.2 Forms of intrusions 

The main forms of igneous intrusions include: 

• Batholiths: Massive, irregular plutonic bodies. 

• Laccoliths: Dome-shaped intrusions that lift overlying strata. 

• Dikes: Vertical or steeply inclined sheets cutting across rock layers. 

• Sills: Horizontal sheets parallel to bedding planes. 

Fill in the blank: Horizontal igneous intrusions that lie parallel to bedding planes are called ______. 
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Diagram showing batholiths, laccoliths, dikes, and sills. Figure 5.6: Forms of igneous intrusions  

 

5.3.3 Relationship between intrusions and deformation 

Igneous intrusions often interact with deformation processes: 

• Intrusions can cause uplift and folding of surrounding rocks. 

• Dikes and sills exploit weaknesses such as faults and joints. 

• Large batholiths are commonly associated with mountain-building events. 

Fill in the blank: Dome-shaped intrusions that lift overlying strata are called ______. 
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Photograph of a laccolith intrusion forming a dome-shaped uplift. Plate 5.3: Laccolith intrusion 
forming dome-shaped uplift  

 

Pilot questions 5.3 

1. What are plutonic and hypabyssal intrusions? 

2. Name the four main forms of igneous intrusions. 

3. Which type of intrusion lies parallel to bedding planes? 

4. How do intrusions interact with deformation processes? 

5. Why are batholiths often associated with mountain-building? 

 

5.4 Case Studies Of Deformation And Intrusions 

5.4.1 Mountain belts and folded structures 

Mountain belts such as the Himalayas and the Alps are prime examples of large-scale 
deformation. Compressional forces between tectonic plates produce extensive folding and thrust 
faulting, creating towering ranges. These structures reveal the immense power of plate 
convergence. 

Fill in the blank: The Himalayas were formed by the collision of the ______ and Eurasian plates. 

5.4.2 Rift valleys and fault systems 
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Rift valleys such as the East African Rift illustrate deformation under tensional stress. Normal 
faults cause the crust to fracture and sink, forming elongated valleys. Rift systems are also 
associated with volcanic activity and igneous intrusions. 

Fill in the blank: Rift valleys are formed mainly by ______ faults. 

5.4.3 Intrusive complexes 

Intrusive complexes such as the Bushveld Complex in South Africa and the Deccan Traps in India 
showcase large-scale igneous intrusions. 

• The Bushveld Complex is one of the world’s largest layered intrusions, rich in platinum and 
chromium. 

• The Deccan Traps represent massive flood basalts formed by extensive volcanic activity 
linked to mantle plumes. 

Fill in the blank: The Bushveld Complex is especially rich in ______ and chromium. 

Photograph of the East African Rift Valley as a case study of fault systems. Plate 5.4: East African 
Rift Valley formed by normal faulting  

 

Pilot questions 5.4 

1. Which two plates collided to form the Himalayas? 

2. What type of fault is responsible for rift valleys? 

3. Name two examples of intrusive complexes. 
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4. Which minerals are abundant in the Bushveld Complex? 

5. How do rift valleys relate to volcanic activity? 

 

Series Summary 

This Series examined how rocks deform under stress and how igneous intrusions shape the Earth’s 
crust. We began with the deformation of rocks, exploring stress, strain, and types of deformation. 
We then studied folds and faults, the most common structural features formed by deformation. 
Next, we analysed igneous intrusions, including their classification and forms such as batholiths, 
laccoliths, dikes, and sills. Finally, we applied these concepts through case studies of mountain 
belts, rift valleys, and intrusive complexes. 

By completing this Series, you should now be able to explain deformation processes, classify folds 
and faults, identify igneous intrusions, and evaluate real-world geological examples. 

Glossary of Terms 

• Stress: Force applied to rocks (compressional, tensional, shear). 

• Strain: Change in shape or volume of rocks due to stress. 

• Elastic deformation: Temporary change; rocks return to original shape. 

• Brittle deformation: Breaking of rocks, forming faults. 

• Ductile deformation: Bending or flowing of rocks, forming folds. 

• Anticline: Upward-arching fold. 

• Syncline: Downward trough-like fold. 

• Normal fault: Fault caused by tensional stress. 

• Reverse fault: Fault caused by compressional stress. 

• Strike-slip fault: Fault caused by shear stress, horizontal movement. 

• Batholith: Large, deep-seated igneous intrusion. 

• Laccolith: Dome-shaped intrusion lifting overlying strata. 

• Dike: Vertical sheet intrusion cutting across layers. 

• Sill: Horizontal sheet intrusion parallel to bedding planes. 

• Bushveld Complex: Large layered intrusion rich in platinum and chromium. 

• Deccan Traps: Extensive flood basalts in India. 

Concept Check Questions [Series 5] 
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Objective questions 

1. The change in shape of rocks due to applied force is called ______. (Linked to SLO 5.1) 

2. An upward-arching fold in rock layers is called an ______. (Linked to SLO 5.2) 

3. Faults caused by tensional stress are called ______ faults. (Linked to SLO 5.2) 

4. Large, deep-seated igneous intrusions are called ______. (Linked to SLO 5.3) 

5. Dome-shaped intrusions that lift overlying strata are called ______. (Linked to SLO 5.3) 

Short-answer questions 

6. Define stress and strain in rocks. (Linked to SLO 5.1) 

7. Name the three types of deformation. (Linked to SLO 5.1) 

8. List four types of faults. (Linked to SLO 5.2) 

9. Give two examples of intrusive complexes. (Linked to SLO 5.4) 

Long-answer questions 

10. Discuss the types of folds and faults, highlighting their geological significance. (Linked to 
SLO 5.2) 

• Basic response: Define folds and faults with examples. 

• Value-added response: Analyse their role in petroleum geology and earthquake studies. 

11. Evaluate the relationship between igneous intrusions and deformation, using case studies. 
(Linked to SLO 5.3 & 5.4) 

• Basic response: Describe forms of intrusions and their effects. 

• Value-added response: Connect intrusions to mountain-building and resource distribution. 

Answers to Pilot Questions [Series 5] 

Part 5.1 

• Stress is force; strain is change in shape. 

• Compressional, tensional, shear. 

• Elastic, brittle, ductile. 

• Ductile deformation. 

• Folds, faults, joints. 

Part 5.2 



 

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

• Anticlines (upward), synclines (downward). 

• Normal, reverse, strike-slip, thrust. 

• Normal faults. 

• Petroleum traps. 

• Faults are zones of earthquakes. 

Part 5.3 

• Plutonic (deep), hypabyssal (shallow). 

• Batholiths, laccoliths, dikes, sills. 

• Sills. 

• They cause uplift, exploit weaknesses, and relate to mountain-building. 

• Batholiths are linked to orogeny. 

Part 5.4 

• Indian and Eurasian plates. 

• Normal faults. 

• Bushveld Complex, Deccan Traps. 

• Platinum. 

• Rift valleys often coincide with volcanic activity. 

References and Attributions [Series 5] 

• Figures and Plates: Suggested AI prompts such as “Create a labelled diagram showing 
compressional, tensional, and shear stress in rocks,” “Create a labelled diagram showing 
normal, reverse, strike-slip, and thrust faults,” and “Photograph of the East African Rift 
Valley showing rift valley fault system.” 

• Open Educational Resources (OER) search strings: “stress strain rocks diagram OER 
geology,” “anticline syncline fold diagram OER geology,” “batholith laccolith dike sill 
diagram OER geology,” “East African Rift Valley fault system OER geology.” 

• Attribution style: Content adapted for educational purposes from standard geology 
references and OER materials. AI-generated illustrations are based on prompts provided 
within the Series. 

 

 


