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Lists of Series

1. Structure and Composition of the Earth
2. Foundations of Minerals in Geology

3. Classification and Properties of Rocks
4. Driving Forces Within the Earth

5. Manifestations of Internal Earth Processes

Part 1: Layers of the Earth
- 2.1.1 The crust: definition, types (continental and oceanic), composition.
- 2.1.2 The mantle: properties, role in convection, composition.

-2.1.3 The core: outer and inner core, composition, role in geomagnetism.

Part 2Composition of the Earth
- 2.2.1 Chemical composition: major elements (oxygen, silicon, aluminium, iron, etc.).

- 2.2.2 Physical composition: states of matter (solid crust, semi-solid mantle, liquid outer
core, solid inner core).

- 2.2.3 Evidence for composition: seismic studies, density, and magnetic field data.

Part 3 Geological Significance of Earth’s Structure
- 2.3.1 Link to plate tectonics: how structure drives movement.
=2.3.2 Link to surface phenomena: earthquakes, volcanism, mountain building.

- 2.3.3Importance for geoscience: hazard prediction, resource exploration.

Introduction

From the earliest times, people have wondered what lies beneath their feet and how the
Earth is built. The structure and composition of our planet determine not only its physical
appearance but also the processes that shape landscapes, influence natural resources,
and generate hazards such as earthquakes and volcanoes. By studying the Earth’s structure
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and composition, you will gain a foundation for understanding geology and appreciate how
the planet’s internal make-up connects to the broader themes of this course.

The aim of this Series is to introduce you to the fundamental structure and composition of
the Earth, enabling you to describe its layers, explain its chemical and physical properties,
and analyze their geological significance.

We shall commence this Series by examining the layers of the Earth, focusing onithe crust;
mantle, and core. Next, we will explore the composition of the Earth, considering both
chemical and physical aspects as well as the evidence that supports our knowledge. Finally,
we will wrap up by discussing the geological significance of the Earth’s structure, linking it
to plate tectonics, surface phenomena, and the importance of geoscience for hazard
prediction and resource exploration.

Series Learning Outcomes

Upon completing this Series, you should be able to:
- SLO 1.1 define the major layers of the Earth, including the crust, mantle, and core,

- SLO 1.2 explain the key characteristics of each layer in terms of composition and physical
properties,

- SLO 1.3 describe the chemical and physical composition of the Earth and identify the
evidence used to determine it,

-SLO 1.4 analyze how the Earth’s structure and composition influence geological processes
such as plate tectonics andvolcanism, and

- SLO 1.5 evaluate the significance of Earth’s structure and composition for geoscience
applications, including hazard prediction and resource exploration.

2.1 Layers of the Earth

The Earth is made up of distinct layers that differ in composition, density, and physical
properties. These layers are the crust, mantle, and core, and together they form the
foundation of geological processes. Understanding these layers is essential because they
explain how the Earth functions internally and how deep processes influence surface
phenomena such as earthquakes and volcanism.

2.1.1 The crust

The crustis the Earth’s outermost solid layer. It is relatively thin compared to the other layers
and is composed mainly of rocks and minerals. There are two types of crust: continental
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crust, which is thicker and less dense, and oceanic crust, which is thinner and denser. The
crust forms the continents and ocean floors, and it is the part of the Earth where humans
live and interact with geological features.

Fillin the blank: The thinner and denser type of crust that forms the ocean floors is called

CONTINENTAL VS. OCEANIC CRUST

CONTINENTAL
CRUST

OCEANIC
CRUST

3-70 km

Density: ~3.0 g/cm® Density: ~2.7 g/cm®

Figure 2.1 Types of Earth’s crust
2.1.2 The mantle

The mantle lies beneath the crust and is much thicker, extending to a depth of about 2,900
kilometers. It is composed of solid rock that behaves plastically over long timescales,
meaning it can slowly flow. This slow movement is called mantle convection, and it drives
the movement of tectonic plates at the surface. The mantle is divided into the upper mantle,
which includes the asthenosphere, and the lower mantle, which is more rigid.

Fill in' the blank: The slow circulation of solid rock within the mantle that drives plate
tectonics is called
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ASTHENSPHORE

OUTER CORE

Figure 2.2 Structure of the mantle and convection currents

2.1.3The core

The core is the central part of the Earth and is divided into two regions: the outer core and
the inner core. The outer core is liquid and.composed mainly of iron and nickel. Its
movement generates the geomagnetic field, which protects the Earth from harmful solar
radiation. The inner core is solid due to the immense pressure, even though it is extremely
hot.

Fillin the blank: The movementofliquidironin the Earth’s outer core generates the
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EARTH’S CORE STRUCTURE

CRUST & MANTLE

| INNER CORE
e (SOLID
-\ IRON-NICKEL)
\ &

OUTER CORE * N
(LIQUID IRON-NICKEL) ~~~8

Figure 2.3 Structure of the Earth’s core

Pilot Questions 2.1

1. Identify the two types of crust andexplain how they differ.

2. Describe the main characteristics of the mantle and its role in plate tectonics.

3. What is mantle convection and why is it important?

4. Distinguish between the outer core and inner core in terms of composition and state.

5. What generates'the Earth’s geomagnetic field?

2.2 Composition of the Earth

The composition of the Earth refers to the chemical and physical materials that make up its
layers. By studying these components, scientists can explain why the Earth behaves the way
it.-does and how its internal structure influences surface processes. In this Part, we will
explore the chemical composition, physical composition, and the evidence that supports
our understanding of the Earth’s make-up.

2.2.1 Chemical composition

The Earth is primarily made up of a small number of elements, which are pure substances
that cannot be broken down further by chemical means. The most abundant elements in the
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Earth’s crust are oxygen, silicon, aluminum, and iron. Together, these form minerals such
as quartz, feldspar, and mica, which are the building blocks of rocks.

In the mantle and core, heavier elements such as magnesium, nickel, and iron dominate.

These elements are responsible for the density and behavior of the deeper layers.

Fillin the blank: The most abundant element in the Earth’s crust is

Chemical Composition of Earth’s Crust

Iron
Others Aluminium
< 5.0%
A 2% 81%
r ‘\
\\
£ \
] \’\
( £ 2.7% Silicon
.\
\
46.6%
Oxygen N
\\\ _//

Figure 2.4 Chemical composition of the Earth’s crust

2.2.2 Physical composition

The physical composition of the Earth refers to the states of matter that make up its layers.
Thecrustis solid, the mantle is semi-solid and capable of slow flow, the outer core is liquid,
and theinner core is solid due to immense pressure.

This variation in physical state explains why different layers behave differently. For example,
the liquid outer core allows for the generation of the geomagnetic field, while the semi-solid
mantle enables convection currents that drive plate tectonics.

Fillin the blank: The Earth’s outer coreisin a state.

-
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EARTH’S PHYSICAL COMPOSITION

CRUST
(SOLID)

MANTLE
(SEMI-SOLID)

OUTER CORE

(LIQUID) INNER CORE

(SOLID)

Figure 2.5 Physical composition of the Earth’s layers

2.2.3 Evidence for composition

Scientists cannot directly observe the Earth’s deep interior, so they rely on indirect
evidence. One key method is the study of seismic waves, which are vibrations produced by
earthquakes. These waves travel at different speeds through different materials, allowing
scientists to infer the composition and state of each layer.

Other evidence includes the Earth’s density, which is higher than what would be expected if
itwere made only of light elements, and the geomagnetic field, which indicates the presence
of a liquid iron outer core.

Fill in the blank: Vibrations produced by earthquakes that help scientists infer the Earth’s
composition are called
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EARTHQUAKE
EPICENTER

MANTLE
(SEMI-SOLID)

P-WAVES
P-WAVES

S-WAVE
SHADOW
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REFLECT
OUTER CORE
INNER CORE
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Figure 2.6 Seismic wave paths as evidence of Earth’s composition

Pilot Questions 2.2

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

2. What is the physical state of the mantle and how does it behave over time?

3. Which partof the Earthiis liquid and responsible for generating the geomagnetic field?
4. How do seismic waves provide evidence about the Earth’s composition?

5. Why is the Earth’s overall density higher than expected if it were made only of light
elements?

2.3 Geological Significance of Earth’s Structure

The Earth’s structure is not just a matter of scientific curiosity, it has profound implications
for the processes that shape our planet and the way humans interact with it. By examining
the geological significance of the Earth’s structure, you will see how the crust, mantle, and
core influence plate tectonics, surface phenomena, and the broader field of geoscience.
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2.3.1 Link to plate tectonics

Plate tectonics is the theory that explains how the Earth’s lithosphere is divided into plates
that move and interact. This movement is driven by mantle convection, the slow circulation
of solid rock within the mantle powered by heat flow from the Earth’s interior. The structure
of the Earth, particularly the mantle and its convection currents, is therefore directly
responsible for the shifting of continents, the opening of ocean basins, and the collision of
plates that form mountains.

Fill in the blank: The slow circulation of solid rock within the mantle that drives plate
movement is called

Figure 2.7 Mantle convection and plate tectonics

2.3.2 Link to surface phenomena

The Earth’s internal structure also explains many surface phenomena, which are events and
processes observable at the crust. Earthquakes occur when energy stored in the crust is
suddenly released along faults. Volcanism results from magma rising through the crust from
the mantle. Mountain building occurs when plates collide, forcing crustal material
upwards.

These phenomena are not randomythey.are the direct result of the Earth’s layered structure
and the forces acting within it.

Fill in the blank: When plates collide and force crustal material upwards, the process is
called

-
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VOLCANIC ERUPTION & MAGMA ORIGIN

CRATER

ASH PLUME

MAGMA CHAMBER 2%

MAGMA
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CONDUIT

LAVA FLOWS

MANTLE

Plate 2.1 Volcanism as a surface phenomenon linked to Earth’s interior

2.3.3 Importance for geoscience

The study of the Earth’s structure is vital for geoscience, which is the scientific study of the
Earth’s physical properties .and processes. By analyzing the crust, mantle, and core,
geoscientists can_predict hazards, locate natural resources, and understand long-term
planetary evolution. For example, seismic studies help identify earthquake-prone zones,
while knowledge of mantle processes guides geothermal energy exploration.

Fill in the blank: The scientific study of the Earth’s physical properties and processes is
called

Applications of Studying Earth’s Structure

Studying the internal layers and physical properties of the Earth is fundamental to several
branches of geoscience. Here are three key applications:
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e Hazard Prediction & Mitigation: By understanding the mechanics of the crust and
mantle—specifically how tectonic plates interact and how seismic waves travel—
scientists can better predict earthquake-prone areas, model tsunami propagation,
and monitor volcanic activity to save lives.

o Resource Exploration: Knowledge of the Earth's structural composition_helps
geologists locate vital natural resources. This includes identifying mineral deposits
inthe crust, finding reservoirs for oil and gas, and locating geothermal energy sources
driven by internal heat.

e Planetary Evolution & Magnetic Field Research: Investigating the core and mantle
provides insight into how Earth formed and evolved over . billions of years.
Specifically, studying the liquid outer core is crucial for understanding the
geodynamo, which generates the Earth’s magnetic field that 'protects our
atmosphere from solar radiation.

Box 2.1 Applications of studying Earth’s structure in geoscience

Pilot Questions 2.3

1. What drives the movement of tectonic plates?

2. How does the Earth’s structure explain earthquakes and volcanism?

3. What process leads to the formation of mountains when plates collide?
4. Why is the study of Earth’s structure important for hazard prediction?

5. How does knowledge of the Earth’s interior support resource exploration?

Series Summary

This Series has introduced you to the fundamental structure and composition of the Earth,
highlighting why these concepts are central to geology and geoscience. By exploring the
planet’s internal make-up, you have seen how its layers and materials underpin the
processes that shape landscapes, influence natural resources, and generate hazards.

We began by examining the layers of the Earth, focusing on the crust, mantle, and core, then
moved on to the chemical and physical composition of the planet and the evidence that
supports our knowledge. Finally, we considered the geological significance of the Earth’s
structure, linking it to plate tectonics, surface phenomena such as earthquakes and
volcanism, and the wider applications of geoscience. In line with the Series Learning
Outcomes, you should now be able to define the Earth’s layers and their characteristics
(SLO 2.1 and SLO 2.2), describe its chemical and physical composition and supporting
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evidence (SLO 2.3), analyse how structure influences geological processes (SLO 2.4), and
evaluate its importance for hazard prediction and resource exploration (SLO 2.5).

Glossary of Terms

e Asthenosphere: A semi-solid zone within the upper mantle that allows tectonic
plates to move over it.

e Core: The central part of the Earth, divided into a liquid outer core and a solid inner
core, mainly composed of iron and nickel.

e Crust: The thin, outermost layer of the Earth, made up of solid.rocks and minerals,
forming continents and ocean floors.

e Element: A pure substance that cannot be broken down further by chemical means,
such as oxygen or iron.

e Geomagnetic field: The magnetic field generated by the movement of liquid iron in
the Earth’s outer core, which protects the planet from harmful solar radiation.

e Geoscience: The scientific study of the Earth’s physical properties, processes, and
history.

e Lithosphere: The rigid outer layer of the Earth, consisting of the crust and the
uppermost mantle, broken into tectonic plates.

e Mantle: The thick layer of solid rock beneath the crust that behaves plastically over
long timescales and drives plate movements through convection.

¢ Mantle convection: The slow circulation of solid rock within the mantle, powered by
heat flow, which drives the movement of tectonic plates.

-
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e Mineral: A naturally occurring solid substance with a definite chemical composition
and crystalline structure, forming the building blocks of rocks.

o Plate tectonics: The theory explaining how the Earth’s lithosphere is divided into
plates that move and interact, causing earthquakes, volcanic activity, and mountain
building.

e Seismic waves: Vibrations produced by earthquakes that travel through the Earth’s
interior, providing evidence about its structure and composition.

¢ Volcanism: The process by which magma rises through the crust and erupts at the
surface, forming new landforms and releasing gases.

Concept Check Questions [Series 1]

Objective Questions

1. Identify the Earth’s outermost solid layer composed mainly of rocks and minerals. (Linked
to SLO 2.1)

2. Which type of crust is thinner and denser, forming the ocean floors? (Linked to SLO 2.1)

3. The slow circulation of/solid rock within the mantle that drives plate movement is called .
(Linked to SLO 2.2)

4. Which part of the Earth is liquid and responsible for generating the geomagnetic field?
(Linked to SLO 2.3)

5. Vibrations'produced by earthquakes that help scientists infer the Earth’s composition are
called« (Linked to SLO 2.3)

Short-Answer Questions
6. Define mantle convection and explain its role in plate tectonics. (Linked to SLO 2.2)

7. Describe the difference between the outer core and inner core in terms of composition
and state. (Linked to SLO 2.1)

8. Explain how seismic waves provide evidence about the Earth’s composition. (Linked to
SLO 2.3)

-

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



9. State two geological phenomena that result from the Earth’s internal structure. (Linked to
SLO 2.4)

10. Why is the study of the Earth’s structure important for geoscience applications? (Linked
to SLO 2.5)

Long-Answer Questions

11. Analyse the layered structure of the Earth and discuss how each layer-contributes to
geophysical processes. (Linked to SLO 2.1, SLO 2.2, SLO 2.3)

12. Evaluate the geological significance of the Earth’s structure.by.linking it to plate
tectonics, surface phenomena, and hazard prediction. (Linked to SLO 2.4, SLO 2.5)

Answers to Concept Check Questions [Series 1]
Objective Questions

1. Crust

2. Oceanic crust

3. Mantle convection

4. Outer core

5. Seismic waves

Short-Answer Questions

6. Mantle convection is the slow circulation of solid rock within the mantle, driven by heat
flow. It powers plate tectonics, leading to earthquakes, volcanic activity, and continental
movement.

7. The outer core'is liquid and composed mainly of iron and nickel, while the inner core is
solid due to immensepressure despite high temperatures.

8. Seismic waves travel at different speeds through different materials, allowing scientists
to.infer the composition and state of each layer.

9. Earthquakes and volcanism are two phenomena resulting from the Earth’s internal
structure.

10. Studying the Earth’s structure helps predict hazards, locate resources, and understand
planetary evolution, making it vital for geoscience applications.

Long-Answer Questions

-
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11.

- Basic response: The Earth has three main layers: crust, mantle, and core. The crust forms
the surface, the mantle drives plate tectonics through convection, and the core generates
the geomagnetic field.

- Value-added response: In addition, the mantle’s plastic behaviour explains volcanic
activity, while the outer core’s fluid motion links to solar radiation protection. The interaction
of these layers demonstrates how deep processes shape surface phenomena and influence
long-term planetary evolution.

12.

- Basic response: The Earth’s structure explains plate tectonics, earthquakes, and
volcanism. These processes are significant because they shape landscapes and pose
hazards to human societies.

- Value-added response: Beyond immediate impacts, the Earth’s structure is crucial for
hazard prediction, resource exploration, and climate regulation. For example, seismic
studies identify earthquake-prone zones; while.mantle processes guide geothermal energy
use. This shows the broaderimportance of geoscience in managing environmental risks and
supporting sustainable development.

Answers to Pilot Questions [Series 1]
Part 2.1 Layers of the Earth
1. Continental crust is thicker and less dense, while oceanic crust is thinner and denser.

2.The mantle is athick zone of solid rock that behaves plastically and drives plate tectonics
through convection.

3. Mantle convection is the slow circulation of solid rock within the mantle, powered by heat
flow.

4. The outer coreis-liquid and the inner core is solid, both composed mainly of iron and
nickel.

5. The Earth’s geomagnetic field is generated by the movement of liquid iron in the outer
core.

Part 2.2 Composition of the Earth

1. Oxygen, silicon, aluminium, and iron are the four most abundant elements in the Earth’s
crust.

2. The mantle is semi-solid and capable of slow flow over long timescales.
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3. The outer core is liquid and generates the geomagnetic field.

4. Seismic waves travel at different speeds through different materials, revealing the
composition of Earth’s layers.

5. The Earth’s density is higher than expected if it were made only of light elements,
indicating the presence of heavier elements such as iron and nickel.

Part 2.3 Geological Significance of Earth’s Structure

1. Mantle convection drives the movement of tectonic plates.

2. Earthquakes and volcanism are explained by the Earth’s internal structure.

3. Mountain building occurs when plates collide and force crustal material upwards.

4. Studying the Earth’s structure is important for predicting hazards such as earthquakes
and volcanic eruptions.

5. Knowledge of the Earth’s interior supports exploration of resources such as geothermal
energy and minerals.

References and Attributions [Series 1]

General References
- Course content adapted from GEY 101: Introduction to Geology (2 Units C: LH 15; PH 45).

- Supplementary explanations and definitions were prepared in alignment with open
educational resource(OER) guidelines for independent learning.

Figures
e Figure 2.1 Types.of Earth’s crust
Attribution: Suggested OER search string “continental vs oceanic crust diagram OER”.

Al-generated prompt: “Generate a labelled diagram comparing continental crust and
oceanic crust, showing thickness and density differences.”

e Figure 2.2 Structure of the mantle and convection currents
Attribution: Suggested OER search string “mantle convection currents diagram OER”.

Al-generated prompt: “Generate a labelled diagram of the mantle showing upper and lower
mantle, asthenosphere, and convection currents.”
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e Figure 2.3 Structure of the Earth’s core
Attribution: Suggested OER search string “Earth core structure diagram OER”.

Al-generated prompt: “Generate a labelled diagram of the Earth’s core showing liquid outer
core and solid inner core.”

e Figure 2.4 Chemical composition of the Earth’s crust

Attribution: Suggested OER search string “Earth crust chemical compgsition pie chart
OER”.

Al-generated prompt: “Generate a labelled pie chart showing the percentage of oxygen,
silicon, aluminium, and iron in the Earth’s crust.”

e Figure 2.5 Physical composition of the Earth’s layers

Attribution: Suggested OER search string “Earth physical composition cross-section
diagram OER”.

Al-generated prompt: “Generate a labelled cross-section diagram of the Earth showing
crust (solid), mantle (semi-solid), outer core (liquid), inner core (solid).”

o Figure 2.6 Seismic wave pathsas evidence of Earth’s composition
Attribution: Suggested OER search string “seismic waves Earth interior diagram OER”.

Al-generated prompt: “Generate a diagram showing seismic waves travelling through crust,
mantle, outer core, and.inner core, with refraction and reflection.”

e <Figure 2.7 Mantle convection and plate tectonics

Attribution: Suggested OER search string “mantle convection plate tectonics diagram
OER”.

Al-generated prompt: “Generate a labelled diagram showing mantle convection currents
beneathtectonic plates, highlighting movement directions.”

Plates
¢ Plate 2.1 Volcanism as a surface phenomenon linked to Earth’s interior
Attribution: Suggested OER search string “volcanism mantle magma eruption OER”.

-
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Al-generated prompt: “Generate an image of a volcanic eruption showing magma rising
from the mantle through the crust.”

Boxes
e Box 2.1 Applications of studying Earth’s structure in geoscience

Attribution: Suggested OER search string “applications of Earth structure geoscience
OER”.

Al-generated prompt: “Generate a text box summarising three applications of studying
Earth’s structure in geoscience.”

Course code: GEY 101
Course Title: Introduction to Geology

Units: 2 Units

List of Series

1. Structure and Composition of the Earth
2. Foundations of Minerals in Geology

3. Classification and Properties.of Rocks
4. Driving Forces Within the Earth

5. Manifestations of Internal Earth Processes

2.1 Definition and Characteristics of Minerals

- 2:1.1 Defining minerals: criteria such as naturally occurring, inorganic, solid, definite
chemical composition, crystalline structure.

-2.1.2 Physical properties of minerals: colour, streak, hardness, cleavage, fracture, lustre.

- 2.1.3 Chemical properties of minerals: composition and classification by dominant
elements.

2.2 Formation and Occurrence of Minerals

-
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- 2.2.1 Processes of mineral formation: crystallisation from magma, precipitation,
metamorphic processes.

-2.2.2 Occurrence in nature: distribution in rocks, soils, and ore deposits.

- 2.2.3 Factors influencing mineral occurrence: pressure, temperature, chemical
environment.

2.3 Classification of Minerals
- 2.3.1 Silicate minerals: structure and importance.
- 2.3.2 Non-silicate minerals: carbonates, oxides, sulphides, halides, native elements.

- 2.3.3 Economic importance of mineral groups: industrial, technological, 'and resource
value.

2.4 Significance of Minerals in Geology
- 2.4.1 Role in rock formation: minerals as building blocks of rocks.
-2.4.2 Role in geoscience studies: indicators of geological processes.

-2.4.3 Human use and relevance: resources, hazards, and sustainability.

Introduction

Minerals are the fundamental building blocks of the Earth, forming the basis of rocks and
shaping the landscapes we see around us. They are not only essential for understanding
geological processes but also play a vital role in human life, from the resources we use daily
to the technologies that drive modern society. By studying minerals, you gain insight into
both the natural world and the practical applications of geology.

-

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



The aim of this Series is to introduce you to the foundations of minerals in geology, enabling
you to define their characteristics, explain how they form and occur, classify them into major
groups, and evaluate their significance in geological studies and human use.

We shall commence this Series by defining minerals and examining their physical and
chemical properties. Next, we will explore how minerals form and occur in nature,
considering the processes and factors that influence their distribution. Following that, we
will classify minerals into silicate and non-silicate groups, highlighting their economic
importance. Finally, we will wrap up by discussing the significance of minerals.in geology,
focusing on their role in rock formation, their value in geoscience studies, and their
relevance to human society.

Series Learning Outcomes

Upon completing this Series, you should be able to:

- SLO 2.1 define the essential characteristics that distinguish minerals from other natural
substances,

- SLO 2.2 explain the physical properties of minerals such as colour, streak, hardness,
cleavage, fracture, and lustre,

- SLO 2.3 describe the chemical composition of minerals and classify them based on
dominant elements,

-SLO 2.4 analyse the processesof mineralformation including crystallisation, precipitation,
and metamorphic changes,

- SLO 2.5 identify the natural occurrences of minerals in rocks, soils, and ore deposits,
- SLO 2.6 classify mineralsiinto silicate and non-silicate groups with examples,

- SLO 2.7 evaluate the economic importance of different mineral groups in industry and
technology, and

- SLO 2.8 assess the/geological and human significance of minerals in terms of rock
formation, geoscience studies, and sustainable resource use.

2.1 Definition and Characteristics of Minerals

Minerals are the basic building blocks of rocks and, by extension, the Earth itself. To study
geology effectively, it is important to first understand what qualifies as a mineral and the
properties that make each mineral unique. This Part introduces the definition of minerals
and explores their physical and chemical characteristics.

2.1.1 Defining minerals

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



A mineralis a naturally occurring, inorganic solid with a definite chemical composition and
an ordered crystalline structure. Each of these criteria is essential:

- Naturally occurring means minerals form through natural geological processes, not
artificially in laboratories.

-Inorganic indicates they are not formed by biological processes such as plants or animals.
- Solid ensures they have a fixed shape and volume under normal Earth conditions.

- Definite chemical composition means each mineral has a specific chemical formula,
though slight variations may occur.

- Crystalline structure refers to the orderly arrangement of atoms within the mineral, giving
rise to its physical properties.

Fillin the blank: A mineral must have a definite structure, which refers to the orderly
arrangement of atoms.

WHAT DEFINES A MINERAL?

£\
AW

2. INORGANIC:
ii Not man-made. @

1. NATURALLY 5. CRYSTLATINE
OCCURING: STRUCTURE:
Not man-made. arrangement

2. INORGANIC:
Not from living organisms

\"

SOLID:
Definite shape & volume

5. CRYSTLATINE:
Ordered internal
arrangement

4. DEFINITE CHEMICAL
COMPOSITION:
Fixed ratio of elements.

Figure 2.1 Defining characteristics of minerals
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2.1.2 Physical properties of minerals

Minerals can be identified by their physical properties, which are observable and
measurable features. Key properties include:

- Color: The visible appearance of a mineral, though it can vary due to impurities.

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

- Hardness: Resistance to scratching, measured using the Mohs scale.

- Cleavage: The tendency of a mineral to break along flat planes.

- Fracture: The pattern of breakage when cleavage is absent, such asiconchoidal fracture in

quartz.

- Lustre: The way light reflects from a mineral’s surface, described as metallic or non-

metallic.

Fillin the blank: The property that measures a mineral’s resistance to scratching is called

Common Physical Properties of Minerals

Property |Definition Identification Note

The way light reflects off the|Categorized as Metallic (shiny like metal) or
Luster . .

surface of amineral. Non-metallic (glassy, pearly, or dull).

. . [Measured on the Mohs Scale from 1

A__measure of a mineral's
Hardness . . (softest, e.g., Talc) to 10 (hardest, e.g.,

resistance to being scratched. .

Diamond).

The color of a mineral in its[Tested by rubbing the mineral across an
Streak - "

powdered form. unglazed porcelain "streak plate.

The tendency of a mineral to|Occurs where atomic bonds are relatively
Cleavage |break along flat, parallel planesjweak; can be described by the number of

of weakness.

directions.

-
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Property |Definition Identification Note

The way a mineral break when it{Can be conchoidal (shell-like curves),

Fracture does notfollow a cleavage plane.|splintery, or irregular/uneven.

. The ratio of a mineral's weight to|[Essentially a measure of density; high
Specific . e . . " " .
Gravity the weight of an equal volume of|specific gravity minerals feel "heavy" for their

water. size.

Table 2.1 Common physical properties of minerals
2.1.3 Chemical properties of minerals

The chemical composition of minerals determines their classification and behavior.
Minerals are grouped based on their dominant elements or chemical units. For example:

- Silicate minerals contain silicon and oxygen, forming the largest mineral group.
- Carbonate minerals contain carbonate ions (CO32‘).

- Oxide minerals are composed of oxygen and a metal.

- Sulphide minerals contain sulphur.combined with metals.

These chemical properties explain why minerals vary in stability, reactivity, and
occurrence.

Fill in the blank: Minerals'that contain silicon and oxygen form the largest group, known as
minerals.

-
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CHEMICAL
CLASSIFICATION

OF MINERALS
SILICATES
(S104)
ORTHOCLPAR CALDITE
OXIDES
OXIDES >
(CO3)
SULPHIDES
g ®) HODEA

NATIVE ELEMENTS [ GALENA

ingle El t 3
(Single Element) PRAE ;

Source: OER Geoscience

Figure 2.2 Chemical classification of minerals

Pilot Questions 2.1

1. What five criteria must'a substance meet to be considered a mineral?
2. Define streak and explain how:it differs from color.

3. What scaleis used to measure mineral hardness?

4. Distinguish between cleavage and fracture in minerals.

5. Name two major groups of minerals based on chemical composition.

2.2 Formation and Occurrence of Minerals

Minerals do not appear randomly; they form through specific geological processes and
occur in some particular environments. Understanding how minerals originate and where
they are found is crucial for explaining their distribution in the Earth’s crust and their
importance in geology and human use.

2.2.1 Processes of mineral formation
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Minerals form through several geological processes, each involving changes in temperature,
pressure, or chemical conditions:

- Crystallization from magma: As molten rock cools, atoms arrange themselves into
crystalline structures, forming minerals such as quartz and feldspar.

- Precipitation from solution: Minerals can form when dissolved substances in water
precipitate out, as seen in halite (rock salt) or calcite.

- Metamorphic processes: Under intense heat and pressure, existing.minerals may
transform into new ones, such as graphite changing into diamond.

Fill in the blank: When minerals form directly from cooling magma, the process is called

PROCESSES OF MINERAL FORMATION

CRYSTLLIZATION PRECIPTATION METAMAPRIC
FROM MAGMA FROM SOLUTION TRANSFORMATION

' i

Evaporite

Igneous Deposits

Metamporic
Rocks P

Rocks

Source: OER Geoscience

Figure 2.3 Processes of mineral formation

2.2.2 Occurrence in nature

Minerals occur in specific geological environments, often associated with rocks and soils:

- Inigneous rocks, minerals crystallize directly from magma.
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- In sedimentary rocks, minerals may form from chemical precipitation or biological
activity.

- In metamorphic rocks, minerals develop under heat and pressure, often forming new
structures.

Minerals also occur in ore deposits, which are concentrations of valuable minerals ;such as
gold, copper, or bauxite.

Fillin the blank: Minerals concentrated in economically valuable depositsare referred to as

MINERAL OCCURRANCES IN ROCK TYPES

IGENOUS ROCKS SEDEMITARY ROCKS METAMAPHIC ROCKS

QUARTZ PYROXENE

FELDPAR

o
FELDSAR '

' 4 MICA
7" PLAGIOCLASE
: B8 GYPSUM

‘ PLAGIOCLASE ——
MAGGA COAL (CARBON)

KYANITE

CHLORITE

-.\“' /// ,
HALITE (ROCK SALT)  © N

CALCITE

Source: OER Geoscience

Plate 2.2 Occurrence of minerals in different rock types

2.2.3 Factors influencing mineral occurrence

Several factors determine where and how minerals occur:
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- Pressure and temperature: These control the stability of minerals and their
transformations.

- Chemical environment: The presence of certain elements or compounds influences
mineral formation, such as sulphur-rich environments producing sulphide minerals.

- Geological setting: Tectonic activity, volcanic regions, and sedimentary basins allprovide
distinct conditions for mineral occurrence.

Fillin the blank: The stability of minerals in the Earth’s crust is mainly controlled by
and temperature.

Key Factors Influencing Mineral Occurrence

1. Temperature and Pressure These are the primary drivers of mineral ;stability. High
temperatures and pressures (common in Earth's mantle or during metamorphism) can force
atoms into dense, compact structures like Diamonds, while lower surface conditions favor
minerals like Quartz.

2. Chemical Composition A mineral can only form if the necessary "ingredients" (elements)
are present in the parent melt or solution. For example, Silicate minerals are abundant
because Silicon and Oxygen are the'most common elements in Earth's crust.

3. Availability of Water and Volatiles The presence of water (hydrothermal fluids) lowers
the melting point of rocks and allows ions to move more freely. This often leads to the
formation of large crystals in Pegmatites or the precipitation of metallic ores in veins.

4. Time and Space For large, well-defined crystals to form, minerals need a stable
environment over a long period. Rapid cooling (like volcanic eruptions) results in tiny crystals
or glass, whereas slow cooling deep underground allows for significant crystal growth.

Box 2.2 Key factors influencing mineral occurrence

Pilot Questions 2.2

1. Whatare the three main processes by which minerals form?

2. Give one example of a mineral formed by precipitation from solution.
3. In which type of rock do minerals crystallise directly from magma?
4/What term is used for concentrated deposits of valuable minerals?

5. Name two factors that influence the occurrence of minerals in nature.
2.3 Classification of Minerals

Minerals can be grouped into categories based on their chemical composition and
structural features. This classification helps geologists to organize the vast diversity of
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minerals and to understand their properties, occurrence, and economic importance. In this
Part, we will explore silicate minerals, non-silicate minerals, and the economic significance
of these groups.

2.3.1 Silicate minerals

Silicate minerals are minerals that contain silicon and oxygen, usually combined with other
elements such as aluminium, magnesium, iron, or potassium. They form.the largest and
most important mineral group, making up about 90% of the Earth’s crust. Silicates are
characterised by their silicon-oxygen tetrahedron, a structural unit where one silicon atom
is bonded to four oxygen atoms.

Different arrangements of these tetrahedra give rise to various silicate sub-groups, such as
isolated silicates (olivine), chain silicates (pyroxenes), sheet silicates (micas), and
framework silicates (quartz and feldspar).

Fill in the blank: The basic structural unit of silicate minerals is the silicon-oxygen

SILICATE MINERAL STRUCTURES

SILICON-OXYGEN
/" TETROHERON

(0] (0]
® @
ISOLATED TETUTHERA SINGLE CHAINS SHEETS FRAMEFWORK

P
AoA || e
)

OLIVINE PYROXENE MICA QUARTZ FELDS'AR
(Biotite)

Source: OER Geossience

Figure 2.4 Structural basis of silicate minerals
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2.3.2 Non-silicate minerals

Non-silicate minerals are minerals that do not contain silicon-oxygen tetrahedra. They are
classified into several groups based on their dominant chemical units:

- Carbonates: Contain carbonate ions (CO32'), e.g., calcite and dolomite.

- Oxides: Composed of oxygen and a metal, e.g., haematite and magnetite.

- Sulphides: Contain sulphur combined with metals, e.g., galena and pyrite.

- Halides: Contain halogen elements such as chlorine or fluorine, e.g., halite and fluorite.

- Native elements: Minerals composed of a single element, e.g., gold, silver, and copper.

Fillin the blank: Minerals composed of oxygen and a metal are classified as

Mineral Defining Chemical | Common
Common Uses
Group Feature Examples
Contain € Cement, antacids
Carbonates $(CO_3)*{2-}% Calcite, Dolomite lime ’ ’
complex
. Metal atoms bonded to Hematl'Fe, Iron ore, abrasives,
Oxides Oxygehn ($02-1$) Magnetite, emstones
ve Corundum g
. Metal atoms bondedto | Galena, Pyrite, | Lead ore, copper
Sulphides Sulfur ($S7{2-1%$) Chalcopyrite ore
. Contain halogen ions . . Table salt,
Halides ($FA_$, $CLA-$, etc.) Halite, Fluorite steelmaking
Native Composed of a single | Gold, Silver, Jewelry,.
. electronics,
Elements element Diamond, Sulfur .
industry

Table 2.2 Major groups of non-silicate minerals

2.3.3 Economic importance of mineral groups

-

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



Minerals are not only scientifically significant but also economically valuable. Their
classification helps identify which groups are most useful for human activities:

- Silicates: Provide building materials (feldspar, quartz) and industrial raw materials.
- Carbonates: Used in cement and lime production.

- Oxides and sulphides: Important sources of metals such as iron, copper, and zinc.
- Halides: Provide salts and industrial chemicals.

- Native elements: Precious metals like gold and silver are vital for jewellery, electronics,
and investment.

Fill in the blank: Precious metals such as gold and silver belong to the group of
elements.

Economic Importance of Major Mineral Groups

Silicates
e Role: The "Construction Giant."

e Uses: Used extensively in glassmaking (Quartz), ceramics (Feldspar), and
construction materials like bricks and concrete.

o Key Examples: Quartz, Feldspar, Mica, Olivine.
Carbonates
e Role: Building & Agriculture.

e Uses: Primaryingredient.in cement and mortar. Used as "lime" to neutralize acidic
soilin farming and as a flux in steel smelting.

o Key Examples: Calcite (Limestone), Dolomite.
Oxides
¢ Role: The Iron & Steel Backbone.

e Uses: The primary source of the world’s iron, aluminum, and titanium. Also used as
high-grade abrasives.

o - Key Examples: Hematite (Iron), Magnetite, Bauxite (Aluminum), Corundum.
Sulphides
e Role: Metal Ore Hub.

-
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e Uses: The main source of heavy metals including copper, lead, zinc, and nickel.
Essential for electrical wiring and batteries.

o Key Examples: Galena (Lead), Chalcopyrite (Copper), Sphalerite (Zinc).
Halides
e Role: Chemical & Food Industry.

e Uses: Vital for food preservation, chemical production (chlorine), and .as a
metallurgical flux to lower melting points.

e Key Examples: Halite (Salt), Fluorite.
Native Elements
¢ Role: High-Value Tech & Luxury.

e Uses: Conductors in electronics (Gold/Silver), industrial cutting tools (Diamond),
and vulcanizing rubber (Sulfur).

o Key Examples: Gold, Silver, Copper, Diamond, Sulfur.

Box 2.3 Economic importance of mineral groups

Pilot Questions 2.3

1. What structural unit forms the basis of silicate minerals?

2. Name two examples of framework silicates.

3. Which group of non-silicate minerals contains carbonate ions?
4. Give one example each of an oxide and a sulphide mineral.

5. Why are native elements such as gold and silver economically important?

2.4 Significance of Minerals in Geology

Minerals are not only the basic components of rocks but also serve as vital indicators of
geological processes and resources. Their significance extends from explaining how the
Earth’s crust is formed to supporting human society through resource use. In this Part, we
will explore their role in rock formation, their importance in geoscience studies, and their
relevance to human use and sustainability.

2.4.1 Role in rock formation

Minerals are the building blocks of rocks, meaning that every rock is composed of one or
more minerals. For example, granite is made up of quartz, feldspar, and mica. The type and
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arrangement of minerals determine the rock’s texture, color, and durability. By studying
minerals, geologists can classify rocks and trace their origins.

Fillin the blank: Granite is composed mainly of quartz, feldspar, and

GRANITE MINERAL COMPOSITION

Q QUARTZ
UARTZ

; (BIOT &
FELDPAR MUSCLOVITE)
(ORTHCLOASE
& PLAGIOLCASE)

[J Igenous Rock - Felsic & Phaneritic

Figure 2.5 Minerals as building blocks of rocks

2.4.2 Role in geoscience studied

Minerals act as.indicators of geological processes, helping scientists to reconstruct Earth’s
history. For example, the presence of certain minerals can reveal past conditions of
temperature and pressure. Minerals also help in dating rocks through radiometric methods,
where radioactive elements within minerals decay at known rates.

Fill in. the blank: The scientific method that uses radioactive elements in minerals to
determine the age of rocks is called dating.

-
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MINERALS AS INDICATORS OF

1. PRESSURE & TEMPERATURE 2. TEMPERATURE 3. TIME (RADIRAMETRIC
(METAMOPHIISM) (IGENOUS & HYDROTURMAL) DATING)
HIGH PRESSURE LOW TENESURE PHORT
G ) F A
‘ /mmo
2 hﬁ DATING (BILLIONS
: % s (mu.sou\s OF YEARS)
MAGNETITE ZIRCON BIOTITE
KYANITE SILLIMUITE
N e

CRYSTILALLIZATION
SEQUENCE

= QUARTZ

CRYSTALIZATION SEQUENCE

[J Open Educational Resource (OFR) -
Geological Indicators

Figure 2.6 Minerals as indicators in geoscience studies

2.4.3 Human use and relevance

Minerals are essential for human society. They provide resources such as metals, fuels, and
industrial materials. For example, iron ore is used in construction, bauxite in aluminium
production, and halite as table salt. Minerals also have cultural and technological
importance, from gemstones.in jewellery to rare earth elements in electronics.

At the same time, minerals can pose hazards, such as asbestos, which is harmful to health.
Sustainable management of mineral resources is therefore crucial to balance human needs
with environmental protection.

Fillinthe blank: The mineral used as the primary source of aluminum is

Human Uses of Minerals & Sustainability Concerns

1. Construction & Infrastructure
¢ Examples: Calcite (Limestone) for cement; Gypsum for drywall; Quartz (Sand) for
glass and concrete.

e Usage: These are the most high-volume minerals extracted globally to build cities
and transport networks.
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2. Industrial Manufacturing

o Examples: Hematite and Magnetite for steel; Bauxite for aluminum; Fluorite for
chemical processing and steel flux.

e Usage: These provide the structural metals for vehicles, machinery, and tools.

3. Technology & Energy

o Examples: Rare Earth Elements (REEs) for magnets in EVs; Lithium and Graphite
for batteries; Copper for electrical wiring; Silicon for computer chips.

e Usage: Essential forthe "Green Transition" and the digital age.

4. Geological Hazards & Health

o Examples: Asbestos (Chrysotile) causes respiratory disease; Cinnabar (Mercury
source) and Arsenopyrite (Arsenic source) can contaminate groundwater.

e Usage/Risk: Understanding these minerals is vital for public health and identifying
toxic "brownfield" sites.

Sustainability & Ethical Concerns
« Resource Depletion: Minerals are. non-renewable; once high-grade ores are
exhausted, mining lower-grade ores requires more energy and water.

« Environmental Impact: Open-pit mining leads to habitat destruction, tailing dam
failures, and "Acid Mine Drainage" which poisons local ecosystems.

e Conflict Minerals: Certain minerals (like Tantalum/Coltan) are often mined in
conflict zones, raising human rights and labor concerns.

e The Circular Economy: Sustainability depends on improving recycling rates
(especially for tech metals)and developing mineral substitutes.

Box 2.4 Humanuse and relevance of minerals

Pilot Questions 2.4

1. Why are minerals considered the building blocks of rocks?
2. Which three minerals make up granite?

3. How do minerals act as indicators of geological processes?
4. What dating method uses radioactive elements in minerals?

5. Give two examples of minerals that are important for human use and explain their
relevance.
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Series Summary

This Series has introduced you to the foundations of minerals in geology, emphasising their
importance as the basic building blocks of rocks and as key indicators of geological
processes. By exploring how minerals are defined, formed, classified, and applied, you have
gained a clearer understanding of their role in both Earth science and human society.

We began by defining minerals and examining their physical and chemical properties, then
moved on to the processes of mineral formation and their occurrence in nature. Following
that, we classified minerals into silicate and non-silicate groups, highlighting their structural
and chemical differences. Finally, we considered the geological and human significance of
minerals, including their role in rock formation, geoscience studies, and resource use. In
line with the Series Learning Outcomes, you should now be able to define and explain
mineral characteristics (SLO 2.1-2.3), analyse their formation and occurrence (SLO 2.4-
2.5), classify them into major groups (SLO 2.6-2.7), and evaluate their broader significance
in geology and society (SLO 2.8).

Glossary of Terms

e Carbonates: A group-of-non-silicate minerals that contain carbonate ions (CO32'),
such as calcite and dolomite.

o Cleavage: The tendency of a mineral to break along flat, even planes due to its internal
atomic structure.

e  Crystallisation: The process by which minerals form from cooling magma or solutions,
as atoms arrange into ordered structures.

o Fracture: The way a mineral breaks when it does not split along cleavage planes, often
producing irregular surfaces.

-
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o Halides: Non-silicate minerals that contain halogen elements such as chlorine or
fluorine, for example halite and fluorite.

e Hardness: A physical property of minerals that measures resistance to scratching,
commonly assessed using the Mohs scale.

e Lustre: The way light reflects from a mineral’s surface, described as metallic or non-
metallic.

e Mantle convection: The slow circulation of solid rock within the Earth’s mantle, which
drives plate tectonics and influences mineral formation.

e Mineral: A naturally occurring, inorganic solid with a definite chemical composition
and an ordered crystalline structure.

e Native elements: Minerals. composed of a single element, such as gold, silver, or
copper.

e Oxides: Non-silicate minerals made up of oxygen and a metal, for example haematite
and magnetite.

e Precipitation: Aprocess of mineral formation where dissolved substances in water
settle out to form solids, such as halite.

e Silicate minerals: The largest group of minerals, built from silicon and oxygen
tetrahedra, including quartz, feldspar, and mica.

e Streak: The colour of a mineral’s powdered form when rubbed on a streak plate, often
more reliable than surface colour.

-
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e Sulphides: Non-silicate minerals that contain sulphur combined with metals, such as
galena and pyrite.

e Tetrahedron: A four-sided geometric structure formed by one silicon atom‘bonded to
four oxygen atoms, the basic unit of silicate minerals.

Concept Check Questions [Series 2]

Objective Questions

1. Identify the five criteria that define a mineral. (Linked to'SLO 2.1)

2. Which property measures a mineral’s resistance to scratching? (Linked to SLO 2.2)

3. Minerals that contain silicon and oxygen form the largest group, known as . (Linked to SLO
2.3)

4. What process describes minerals forming directly from cooling magma? (Linked to SLO
2.4)

5. Minerals concentrated in economically valuable deposits are referred to as . (Linked to
SLO 2.5)

Short-Answer Questions
6. Define cleavage and explain how it differs from fracture. (Linked to SLO 2.2)

7. Describe one.example of a mineral formed by precipitation from solution. (Linked to SLO
2.4)

8. Explain how pressure and temperature influence mineral occurrence. (Linked to SLO 2.5)

9. Classify minerals into silicate and non-silicate groups, giving one example of each.
(Linked to SLO 2.6)

10. Evaluate why native elements such as gold and silver are economically important.
(Linked to SLO 2.7)

Long-Answer Questions

11. Analyse the physical and chemical properties of minerals and explain how they aid
identification. (Linked to SLO 2.2, SLO 2.3)

-
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12. Assess the geological and human significance of minerals, linking their role in rock
formation, geoscience studies, and resource use. (Linked to SLO 2.8)

Answers to Concept Check Questions [Series 2]

Objective Questions

1. Naturally occurring, inorganic, solid, definite chemical composition, crystalline
structure.

2. Hardness.
3. Silicate minerals.
4. Crystallisation.

5. Ore deposits.

Short-Answer Questions

6. Cleavage is the tendency of a mineral to break along flat planes, while fracture is irregular
breakage when cleavage is absent.

7. Halite (rock salt) forms by precipitation when dissolved salts crystallise from evaporating
water.

8. High pressure and temperature determine mineral stability and can transform existing
minerals into new ones.

9. Silicates include quartz; non-silicates include calcite.

10. Native elements are economically important because they provide precious metals
used in jewellery, electronics, and investment.

Long-Answer Questions
11.

- Basic response: Physical properties such as colour, streak, hardness, cleavage, fracture,
and lustre; along with chemical composition, help identify minerals.

-/Value-added response: Beyond identification, these properties reveal mineral stability,
geological conditions, and potential uses. For example, hardness indicates durability, while
chemical composition guides classification into silicate and non-silicate groups.

12.

-
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- Basic response: Minerals are significant because they form rocks, act as indicators of
geological processes, and provide resources for human use.

- Value-added response: Minerals also support advanced geoscience studies, such as
radiometric dating, and highlight sustainability challenges. Their role in industry,
technology, and environmental management demonstrates their importance beyond
geology, linking natural science with societal needs.

Answers to Pilot Questions [Series 2]

Part 2.1 Definition and Characteristics of Minerals

1. Naturally occurring, inorganic, solid, definite chemical composition, crystalline
structure.

2. Streak is the colour of a mineral’s powdered form, while colour refers to its surface
appearance.

3. The Mohs scale.

4. Cleavage is breakage along flat planes; fracture is irregular breakage when cleavage is
absent.

5. Silicate and non-silicate minerals.

Part 2.2 Formation and Occurrence of Minerals

1. Crystallisation from magma, precipitation from solution, metamorphic processes.
2. Halite (rock salt).

3. Igneous rocks.

4. Ore deposits.

5. Pressure, temperature, chemical environment, geological setting.

Part 2.3 Classification of Minerals

1. The silicon-oxygen tetrahedron.

2. Quartz and feldspar.

3. Carbonates.

4. Haematite (oxide) and galena (sulphide).

5. They are valuable as precious metals used in jewellery, electronics, and investment.

-
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Part 2.4 Significance of Minerals in Geology
1. Because rocks are composed of one or more minerals.
2. Quartz, feldspar, and mica.

3. Minerals reveal past conditions of temperature and pressure and can be used for.dating
rocks.

4. Radiometric dating.

5. Examples include iron ore (construction) and bauxite (aluminium production).

References and Attributions [Series 2]

General References
- Course content adapted from GEY 101: Introduction to/Geology (2 Units C: LH 15; PH 45).

- Supplementary explanations and definitions were prepared in alignment with open
educational resource (OER) guidelines for independent learning.

- Standard geological references consulted.include: Klein, C., & Dutrow, B. (2007). Manual
of Mineral Science (23rd ed.). Hoboken, NJ: Wiley.

Figures
- Figure 2.1 Defining characteristics of minerals
Attribution: Suggested OER search string “definition of minerals diagram geology OER”.

Al-generated prompt: “Generate a labelled diagram showing the five criteria that define a
mineral: naturally occurring, inorganic, solid, definite chemical composition, crystalline
structure.”

- Figure 2.2 Chemical classification of minerals

Attribution: Suggested OER search string “chemical classification of minerals diagram
OER™.

Al-generated prompt: “Generate a labelled diagram showing mineral groups: silicates,
carbonates, oxides, sulphides, halides, native elements.”

- Figure 2.3 Processes of mineral formation
Attribution: Suggested OER search string “processes of mineral formation diagram OER”.

Al-generated prompt: “Generate a labelled diagram showing crystallisation from magma,
precipitation from solution, and metamorphic transformation.”
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- Figure 2.4 Structural basis of silicate minerals

Attribution: Suggested OER search string “silicate minerals silicon oxygen tetrahedron
diagram OER”.

Al-generated prompt: “Generate a labelled diagram showing the silicon<oxygen
tetrahedron and examples of isolated, chain, sheet, and framework silicates.”

- Figure 2.5 Minerals as building blocks of rocks
Attribution: Suggested OER search string “granite mineral composition.diagram OER”.

Al-generated prompt: “Generate a labelled diagram showing granite composed of quartz,
feldspar, and mica.”

- Figure 2.6 Minerals as indicators in geoscience studies

Attribution: Suggested OER search string “minerals indicators geological processes
diagram OER”.

Al-generated prompt: “Generate a‘diagram showing minerals used to indicate geological
processes such as pressure, temperature, and radiometric dating.”

Plates
- Plate 2.2 Occurrence of minerals in different rock types
Attribution: Suggested OER search string “mineral occurrence in rock types OER”.

Al-generated prompt: “Generate an image showing igneous, sedimentary, and
metamorphic rocks with labelled mineral occurrences.”

Tables
- Table 2.1 Commonphysical properties of minerals
Attribution: Suggested OER search string “physical properties of minerals table OER”.

Al-generated prompt: “Generate a table listing six physical properties of minerals with
concise definitions.”

- Table 2.2 Major groups of non-silicate minerals
Attribution: Suggested OER search string “non-silicate minerals classification table OER”.

Al-generated prompt: “Generate a table listing five groups of non-silicate minerals with
examples of each.”
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Boxes
- Box 2.2 Key factors influencing mineral occurrence

Attribution: Suggested OER search string “factors influencing mineral occurrence geology
OER”.

Al-generated prompt: “Generate a text box summarizing four key factors influencing
mineral occurrence.”

- Box 2.3 Economic importance of mineral groups

Attribution: Suggested OER search string “economic importance of mineral groups geology
OER”.

Al-generated prompt: “Generate a text box summarizing the economic importance of major
mineral groups with examples.”

- Box 2.4 Human use and relevance of minerals
Attribution: Suggested OER search'string “human uses of minerals geology OER”.

Al-generated prompt: “Generate a text box summarising human uses of minerals with
examples and note sustainability concerns.”

Course code: GEY 101
Course Title: Introduction to Geology

Units: 2 Units

List of Series

1. Structure and Composition of the Earth
2{Foundations of Minerals in Geology

3. Classification and Properties of Rocks
4. Driving Forces Within the Earth

5. Manifestations of Internal Earth Processes

-
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3.1 Definition and General Characteristics of Rocks
- 3.1.1 Defining rocks: distinction between rocks and minerals.
- 3.1.2 General characteristics of rocks: texture, structure, composition.

- 3.1.3 Importance of studying rocks: geological and practical relevance.

3.2 Igneous Rocks
- 3.2.1 Formation processes: crystallisation from magma and lava.
- 3.2.2 Classification: intrusive vs extrusive, felsic vs mafic.

- 3.2.3 Properties and examples: granite, basalt, obsidian.

3.3 Sedimentary Rocks
- 3.3.1 Formation processes: weathering, erosion, deposition, lithification.
- 3.3.2 Classification: clastic, chemical, organic.

- 3.3.3 Properties and examples: sandstone,limestone, coal.

3.4 Metamorphic Rocks
- 3.4.1 Formation processes: heat, pressure, chemical alteration.
- 3.4.2 Classification: foliated.vs non-foliated.

- 3.4.3 Properties and examples: schist, marble, slate.

-
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Introduction

In the last Series, we explored the foundations of minerals in geology, learning how they are
defined, classified, and valued for both scientific and human purposes. Building on that
knowledge, we now turn our attention to rocks, which are composed of minerals and form
the very framework of the Earth’s crust. Understanding rocks is essential because they
record Earth’s history, reveal geological processes, and provide resources that sustain
human life.

The aim of this Series is to introduce you to the classification and properties of rocks,
enabling you to distinguish between the three major rock types, explain how they form, and
evaluate their characteristics and significance in geology and.society.

We shall commence this Series by defining rocks and examining their general
characteristics. Next, we will explore. igneous rocks, focusing on their formation,
classification, and examples. Following that, we will move on to sedimentary rocks,
considering the processes that create them and their key properties. Afterwards, we will
continue with metamorphic rocks, studying howthey form under heat and pressure and how
they are classified. Finally, we will wrap up by reinforcing the importance of rocks asrecords
of geological history and as resources for human use.

Series Learning Outcomes

Upon completing this Series; you should be able to:
- SLO 3.1 define rocks and distinguish them clearly from minerals,

- SLO 3.2 describe the general characteristics of rocks including texture, structure, and
composition,

- SLO 3.3 explain the processes of igneous rock formation through crystallisation from
magma and lava,

- SLO 3.4 classify igneous rocks into intrusive and extrusive types, and into felsic and mafic
categories,

- SLO 3.5 identify common examples of igneous rocks and analyse their properties,

- SLO 3.6 explain the processes of sedimentary rock formation including weathering,
erosion, deposition, and lithification,

- SLO 3.7 classify sedimentary rocks into clastic, chemical, and organic groups,
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- SLO 3.8 identify common examples of sedimentary rocks and evaluate their properties,

- SLO 3.9 explain the processes of metamorphic rock formation under heat, pressure, and
chemical alteration,

- SLO 3.10 classify metamorphic rocks into foliated and non-foliated types, and

- SLO 3.11 identify common examples of metamorphic rocks and assess their properties
and significance.

3.1 Definition and General Characteristics of Rocks

Rocks are the solid aggregates that make up the Earth’s crust and are composed of one or
more minerals. They provide the framework for landscapes, record geological history, and
serve as essential resources for human use. In this Part, we will define rocks, examine their
general characteristics, and highlight theirimportance in geology and society.

3.1.1 Defining rocks

A rock is a naturally occurring solid aggregate of one or more minerals, mineraloids, or
organic materials. Unlike minerals, which have a definite chemical composition and
crystalline structure, rocks are mixtures that can vary widely in composition and texture. For
example, graniteis a rock composed of quartz, feldspar, and mica.

Fill in the blank: A rock is defined as a naturally occurring solid aggregate of one or more

-
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ROCKS VS. MINERALS

MINERALS ROCKS
(Building Blocks) (Mineral Aggreates)

QUARTZ ,

FELDSPAR

BIOTITE MICA

KEY DIFFERENCES:

- Minerals:

- Minerals: Naturally occuring, iniroganic solids with a defined chemotition and
- Rocks: Solid, naturally ocuring mass or agrrgate one mineals or mineraloids.

[J Open Educational Resource (OER) - Geology Basics
Figure 3.1 Distinction between minerals and rocks

3.1.2 General characteristics of rocks
Rocks are identified and classified based on several general characteristics:

- Texture: Refers to the size, shape, and arrangement of mineral grains within the rock. For
example, coarse-grained granite versus fine-grained basalt.

- Structure: Describes the overall arrangement or layering of rocks, such as stratification in
sedimentary rocks.orfoliation in metamorphic rocks.

- Composition: Indicates the minerals or materials that make up the rock, which determine
its.color, hardness, and durability.

Fillin the blank: The layering seen in sedimentary rocks is referred to as

-
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Characteristic | Definition What it Tells Us Examples
The size, shape, | The cooling rate of th'lnerltlc (coa}* 5¢”
grained Granite),
and arrangement | magma or the energy o, .
Texture . . Aphanitic  (fine-grained
of the mineral | of the environment
rains (clasts) where it settled Basalo), Glassy
& ' ' (Obsidian).
The  large-scale | The physical | Stratification (layeringin
features or | conditions during or | Sandstone), Foliation
Structure "patterns" seenina | after formation (e.g., | (alignment . in  Schist),
rock outcrop or | tectonic pressure or | Vesicles (gas bubbles in
hand sample. water flow). Scoria).
The  specific | Lr¢ sourcemateriall | g i silicallight
. (e.g., melted crust vs. L.
minerals or color), Mafic (high iron-
o, . mantle) or | the :
Composition chemical elements . magnesium/dark  color),
chemistry _ of " the . .
that make up the . . . Calcareous (calcium-rich
water it/ precipitated 4
rock. from Limestone).

Table 3.1 General characteristics of rocks

3.1.3 Importance of studying rocks

Studying rocks is essential for both scientific.and practical reasons. In geology, rocks reveal
the processes that have shaped the Earth over millions of years, such as volcanic activity,
sedimentation, and metamorphism. Rocks also provide resources including building
materials, fuels, and metals. Furthermore, they help geologists reconstruct past
environments and predict future geological changes.

Fill in the blank:Rocks.that record past environments and geological processes are often
referred to.as the Earth’s

The Scientific and Societal Importance of Rocks

1. Scientific Significance: The Earth’s Archive

o Geological Time: Rocks allow us to reconstruct the timeline of Earth's history through
relative and absolute dating.

o Paleoclimatology: Sedimentary rocks trap gas bubbles and fossils that tell us what the
atmosphere and oceans were like millions of years ago.

-
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e Tectonic Records: Metamorphic rocks provide a "pressure-temperature" fingerprint of
ancient mountain-building events and plate collisions.

2. Practical Significance: Modern Infrastructure

o Construction Materials: From the aggregate in our roads to the granite in our countertops
and the limestone in our cement, rocks are the physical foundation of the built environment.

e Energy Reservoirs: Porous sedimentary rocks (like sandstone) act as the primary
"sponges" that hold the world’s groundwater, oil, and natural gas.

e Metal Ores: Most of the metals we use are extracted from specific rock bodies where
minerals have been concentrated by geological processes.

3. Environmental & Safety Significance

o Natural Hazard Mitigation: Studying rock mechanics helps engineers predict and
prevent landslides, rockfalls, and sinkholes.

e Carbon Sequestration: Certain rock types (like Basalt) are currently being studied for
their ability to chemically "soak up" $CO_2$ from the atmosphere and turn it into solid
minerals.

e Soil Formation: The "parent material" (the rock underneath) determines the nutrient
profile of the soil above, directly impacting global agriculture and food security.

Box 3.1 Importance of studying rocks

Pilot Questions 3.1

1. What is the main distinction between rocks and minerals?

2. Name the three general characteristics used to classify rocks.
3. What term describes the layering in sedimentary rocks?

4. Why are rocks considered important in geology and human society?

3.2 Igneous Rocks

Igneous rocks are formed from the cooling and solidification of molten material, either
beneaththe Earth’s surface or at the surface following volcanic activity. They are among the
most fundamental rock types, providing insights into the Earth’s internal processes and
forming the basis of many landscapes. In this Part, we will explore how igheous rocks form,
how they are classified, and examine their properties and examples.

3.2.1 Formation processes

Igneous rocks originate from magma (molten rock beneath the Earth’s surface) or lava
(molten rock that erupts onto the surface). As these materials cool, atoms arrange

-
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themselves into crystalline structures, forming minerals that combine to create igneous
rocks. The rate of cooling influences the texture: slow cooling underground produces
coarse-grained rocks, while rapid cooling at the surface produces fine-grained rocks.

Fill in the blank: Magma that cools slowly beneath the Earth’s surface forms -grained
igneous rocks.

IGENOUS ROCK FORMATION
UNDERGOAND . AT THE SURFACE

(SLOW COOLING) | (FAST COOLING)

Pl EXTRUSUE ROCKS
INTRUSIVE ROCKS (VOLCANIC)

(PLUTONIC)

GRANITE : BASALT
(LARGE CRYSTALS) i (SMALL CRYSTALS)

KEY DIFFERENCE: Cooling Rate determines Crystal Size.
Magrma cools slowly to form large crystals, while
while lava cools quickly form small crystals.

] Open Educational Resource
(OER) - Geology Basics

Figure 3.2 Formation of igneous rocks

3.2.2 Classification
Igneous rocks areclassified in two main ways:
- By mode of occurrence:

- Intrusive (plutonic) rocks form when magma cools slowly beneath the surface, producing
large crystals (e.g., granite).

- Extrusive (volcanic) rocks form when lava cools quickly at the surface, producing small
crystals (e.g., basalt).

- By composition:
- Felsic rocks are rich in silica and light-coloured minerals such as quartz and feldspar.

- Mafic rocks are rich in iron and magnesium, typically darker in colour, such as basalt and
gabbro.
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Fill in the blank: Igneous rocks that cool quickly at the Earth’s surface are called
rocks.

Composition Felsic (Light Intermediate Matic Ultramafic
~ Colored) (Salt & | (Dark (Greenish/Black)
Pepper) Colored)
High  Silica Fe & Mg
Mineral ($SiO_29), Plagioclase, Rich, Very High Fe &
Content Quartz, K- | Amphibole Pyroxene, Mg, Olivine
Feldspar Olivine
Intrusive
(Plutonic / Slow | Granite Diorite Gabbro Peridotite
Cooling)
Extrusive
(Volcanic / Fast | Rhyolite Andesite Basalt Komatiite (Rare)
Cooling)

Table 3.2 Classification of igheous rocks

3.2.3 Properties and examples

The properties of igneousrocks depend on their texture, mineral composition, and cooling
history. Common examples include:

- Granite: A coarse-grained intrusive rock composed mainly of quartz and feldspar, widely
used in construction.

- Basalt: A fine-grained extrusive rock, dark in colour, forming much of the ocean floor.

- Obsidian: Avolcanic glass formed by rapid cooling of lava, with a smooth texture and sharp
edges.

These examples illustrate the diversity ofigneous rocks and theirimportance in both geology
and human use.

Fillin the blank: The volcanic glass formed by rapid cooling of lava is called

-
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IGENOUS ROCK EXAMPLES - OER

GRANITE BASALY OVWSNON BN

Plate 3.2 Examples of igheous rocks

Pilot Questions 3.2

1. What is the difference between magma and lava?

2. How does the cooling rate affect the texture of igneous rocks?
3. Distinguish between intrusive and extrusive igneous rocks.

4. What is the difference between felsic and mafic igneous rocks?

5. Give one example each ofan intrusive rock and an extrusive rock.

3.3 Sedimentary Rocks

Sedimentary rocks are formed from the accumulation and compaction of sediments at the
Earth’s surface. They are unique because they often preserve evidence of past
environments, including fossils, and provide important resources such as building materials
and fuels. In this Part, we will explore how sedimentary rocks form, how they are classified,
and examine their properties and examples.

3.3.1 Formation processes

Sedimentary rocks are created through a sequence of processes:
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- Weathering: The breakdown of existing rocks into smaller particles by physical, chemical,
or biological means.

- Erosion and transport: The movement of sediments by agents such as water, wind, orice.
- Deposition: The settling of sediments when transport energy decreases.

- Lithification: The transformation of loose sediments into solid rock through compaction
and cementation.

Fill in the blank: The process by which loose sediments are transformed into solid rock'is
called

/41‘\

(AN

IGUR- SCIENCE

{2/
T
SEDIMENTARY ROCK FORMATION PROCESES - OER
WEATHERING
EROSION wed
J TRANSPORT
-\ fRANS:ii).RT . ~. ~
DEPOSITION me)

LITHIFICATION _
(COMPACTION & CEMENTATION)

SEDIMENTARY ROCK

Figure 8.3 Processes of sedimentary rock formation

3.3.2 Classification
Sedimentary rocks are classified into three main groups based on their origin:

- Clastic rocks: Formed from fragments of other rocks, such as sandstone and shale.
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- Chemical rocks: Formed from precipitation of minerals from solution, such as limestone.

- Organic rocks: Formed from the accumulation of plant or animal remains, such as coal.

Fillin the blank: Sedimentary rocks formed from fragments of other rocks are called
rocks.

Common

Type Formation Process Key Characteristics Examples

Formed from the physical

accumulation of fragments Classified by grain size || Sandstone,  Shale,

Clastic Y (from  boulders to | Conglomerate,
(clasts) of pre-existing rocks :
; clay). Breccia
and minerals.
Formed when dissolved | Often crystalline; | Rock Salt (Halite),
Chemical | minerals precipitate directly | forms in evaporating | Limestone (Oolitic),
from water solutions. lakes or caves. Chert
Formed from the . \
. Rich “in_ carbon or -
. accumulation of plant " or . Coal, Fossiliferous
Organic caleium carbonate

animal  debris  (organic
matter).

from shells. Limestone, Chalk

Table 3.3 Classification of sedimentary rocks

3.3.3 Properties and examples

The properties of sedimentary rocks reflect their mode of formation. They often show
stratification, which is the layering of sediments over time. Sedimentary rocks may also
contain fossils, which are preserved remains or traces of ancient organisms. These features
make sedimentary rocks particularly valuable for reconstructing Earth’s history.

Common examples include:
- Sandstone: A clastic rock composed mainly of sand-sized particles.
-Limestone: A chemical rock formed largely from calcium carbonate.

- Coal: An organic rock formed from compressed plant material.

Fillin the blank: The preserved remains or traces of ancient organisms found in sedimentary
rocks are called

-
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Plate 3.3 Examples of sedimentary rocks

Pilot Questions 3.3

1. What are the four main processes involved in the formation of sedimentary rocks?
2. Name the three main types of sedimentary rocks.

3. What term describes the layering commonly seen in sedimentary rocks?

4. Give one example each of a clastic, chemical, and organic sedimentary rock.

5. Why are fossilsiimportantin sedimentary rocks?

3.4 Metamorphic Rocks

Metamorphic rocks are formed when existing rocks undergo transformation due to heat,
pressure, or. chemical processes within the Earth. These changes alter the mineral
composition and structure of the rocks, producing new characteristics without the rock
melting completely. In this Part, we will explore how metamorphic rocks form, how they are
classified, and examine their properties and examples.

3.4.1 Formation processes

Metamorphism is the process by which rocks are altered in structure and composition due
to exposure to high temperature, intense pressure, or chemically active fluids. Unlike
igneous processes, metamorphism does notinvolve complete melting butinstead reshapes
minerals into new forms.

-
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There are two main types of metamorphism:

- Contact metamorphism: Occurs when rocks are heated by nearby magma, affecting a
relatively small area.

- Regional metamorphism: Occurs over large areas under intense pressure and
temperature, often associated with mountain-building.

Fill in the blank: Metamorphism that occurs over large areas due to intense pressure and
temperature is called metamorphism.

- Volcanic arc

/—‘k—\
Contact ; ‘
metamorphism Regional

metamorphism

Subduction zone

Figure 3.4 Processes of metamorphism

3.4.2 Classification
Metamorphic rocks are classified based on their texture:

- Foliated rocks: Show alignment of minerals into layers or bands due to pressure, such as
schist and gneiss.

- Non-foliated rocks: Do not show layering, often formed under uniform pressure, such as
marble and quartzite.

Fillin the blank: Metamorphic rocks that show mineral alignment in layers are called
rocks.

o
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Feature Foliated Metamorphic Rocks Non-Foliated Metamorphic Rocks

Layered or banded; look like | Massive and crystalline; no visible
Appearance Wy " .

they have "stripes" or "sheets. layers or alignment.

. Formed under directed | Formed under high temperatures but

Formation . . .

pressure (differential stress) | low/uniform pressure (often contact
Process . . .

that aligns minerals. metamorphism).
Mineral Minerals are squeezed into | Minerals grow in equidimensional
Alignment parallel planes. shapes without a specific orientation.
Common Slate, Schist, Gneiss, Phyllite Marble, Quartzite, Anthracite Coal,
Examples Hornfels

Table 3.4 Classification of metamorphic rocks

3.4.3 Properties and examples

The properties of metamorphic rocks reflect the conditions under which they formed.
Foliated rocks often display banding or layering, while non-foliated rocks are more uniform
in texture. These properties make metamorphic rocks useful for construction, decoration,
and scientific study.

Common examples include:
- Schist: Afoliated rock with visible mineral grains aligned in layers.

- Marble: A non-foliated rock formed from limestone, valued for its beauty and use in
sculpture.

- Slate: A fine-grained foliated rock used for roofing and flooring.

Fill in‘the blank: Marble is a non-foliated metamorphic rock formed from the parent rock

-
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METAMOPRPIC ROCKS - OER

SCHIST MARBLE SLATE
(FOLIATED) (NON-FOLIATED) (FOLIATED)

4

Plate 3.4 Examples of metamorphic rocks

Pilot Questions 3.4

1. What is metamorphism and how does it differ from igneous processes?

2. Distinguish between contact metamorphism and regional metamorphism.

3. What is the difference between foliated and non-foliated metamorphic rocks?
4. Give one example each of a foliated and a non-foliated metamorphic rock.

5. From which parent rock is marble formed?

Series Summary

This Series has guided you through the classification and properties of rocks, building on
your earlier understanding of minerals. Rocks are the fundamental units of the Earth’s crust,
and studying them helps us interpret geological processes, reconstruct past environments,
and recognize their practical uses in society.

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



We began by defining rocks and examining their general characteristics, then explored
igneous rocks, focusing on their formation, classification, and examples. Following that, we
studied sedimentary rocks, considering the processes of weathering, erosion, deposition,
and lithification, alongside their types and properties. Finally, we examined metamorphic
rocks, looking at how heat, pressure, and chemical alteration transform existing rocks into
new forms. In line with the Series Learning Outcomes, you should now be able to define and
describe the characteristics of rocks (SLO 3.1-3.2), explain the processes of.igneous;
sedimentary, and metamorphic rock formation (SLO 3.3, 3.6, 3.9), classify each rock type
into its sub-groups (SLO 3.4, 3.7, 3.10), and identify common examples while evaluating
their properties and significance (SLO 3.5, 3.8, 3.11).

Glossary of Terms

- Basalt: A fine-grained, dark-coloured extrusive igneous rock formed from rapidly cooled
lava, common in oceanic crust.

- Clastic rocks: Sedimentary rocks made from fragments of otherrocks, such as sandstone
and shale.

- Coal: An organic sedimentary rock formed from compressed plant material, often used as
a fuel source.

- Composition: The specific minerals or materials that make up a rock, determining its
colour, hardness, and durability:

- Contact metamorphism: A type of metamorphism that occurs when rocks are heated by
nearby magma, affecting a small area.

- Deposition: The process by which sediments settle out of water, wind, or ice when
transportenergy decreases.

- Extrusive rocks: Igneous rocks formed when lava cools quickly at the Earth’s surface,
producing small crystals.

-'Felsic rocks: Igneous rocks rich in silica and light-coloured minerals such as quartz and
feldspar.

- Foliated rocks: Metamorphic rocks that show mineral alignment in layers or bands due to
pressure, such as schist.
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- Granite: A coarse-grained intrusive igneous rock composed mainly of quartz and feldspar,
widely used in construction.

- Igneous rocks: Rocks formed from the cooling and solidification of magma or lava.

- Intrusive rocks: Igneous rocks formed when magma cools slowly beneath the Earth’s
surface, producing large crystals.

- Lava: Molten rock that erupts onto the Earth’s surface and cools toform extrusive.igheous
rocks.

- Limestone: A chemical sedimentary rock composed largely. of calcium carbonate, often
formed from precipitation in water.

- Lithification: The process by which loose sediments are compacted and cemented into
solid sedimentary rock.

- Mafic rocks: Igneous rocks rich in iron and magnesium, typically darker in colour, such as
basalt.

- Marble: A non-foliated metamorphic rock formed from limestone, valued for its beauty and
use in sculpture.

- Metamorphism: The process by which rocks are altered in structure and composition due
to heat, pressure, or chemical fluids.

- Metamorphicrocks: Rocks formed when existing rocks are transformed by heat, pressure,
or chemical alteration without melting.

- Obsidian: Avolcanic glass formed by rapid cooling of lava, with a smooth texture and sharp
edges.

- Organic rocks: Sedimentary rocks formed from the accumulation of plant or animal
remains, such as coal.

- Regional metamorphism: A type of metamorphism that occurs over large areas under
intense pressure and temperature, often linked to mountain-building.

-
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- Sandstone: A clastic sedimentary rock composed mainly of sand-sized particles.

- Sedimentary rocks: Rocks formed from the accumulation, compaction, and cementation
of sediments at the Earth’s surface.

- Stratification: The layering of sediments in sedimentary rocks, often visible as distinct
bands.

- Texture: The size, shape, and arrangement of mineral grains within a rock.

- Weathering: The breakdown of rocks into smaller particles by physical, chemical, or
biological processes.

Concept Check Questions [Series 3]

Objective Questions

1. Define a rock and distinguish it fromamineral. (Linked to SLO 3.1)

2. Which three general characteristics are used to classify rocks? (Linked to SLO 3.2)
3.Igneous rocks that cool slowly.beneaththe Earth’s surface are called . (Linked to SLO 3.4)

4. Sedimentary rocks formed-from fragments of other rocks are known as . (Linked to SLO
3.7)

5. Marble is a metamorphic rock formed from the parent rock . (Linked to SLO 3.11)

Short-Answer Questions
6. Explain how cooling rate affects the texture of igneous rocks. (Linked to SLO 3.3)

7. Describe the four main processes involved in the formation of sedimentary rocks. (Linked
to SLO 3.6)

8. Distinguish between foliated and non-foliated metamorphic rocks, giving one example of
each. (Linked to SLO 3.10)

9. Identify one example each of an intrusive igneous rock, a chemical sedimentary rock, and
a foliated metamorphic rock. (Linked to SLO 3.5, 3.8, 3.11)

10. Evaluate why fossils found in sedimentary rocks are important for geological studies.
(Linked to SLO 3.8)

-
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Long-Answer Questions

11. Analyse the classification of igneous rocks by both mode of occurrence and
composition, and explain how these classifications help geologists. (Linked to SLO 3.4, 3.5)

12. Assess the geological and practical significance of sedimentary rocks, linking their
properties to human use and environmental interpretation. (Linked to SLO 3.6-3.8)

13. Evaluate the processes and outcomes of metamorphism, and discuss how
metamorphic rocks contribute to both scientific understanding and practicalapplications.
(Linked to SLO 3.9-3.11)

Answers to Concept Check Questions [Series 3]

Objective Questions

1. Arock is a naturally occurring solid aggregate of one/or more minerals, while a mineral
has a definite chemical composition and crystalline structure.

2. Texture, structure, and composition.
3. Intrusive rocks.
4. Clastic rocks.

5. Limestone.

Short-Answer Questions

6. Slow cooling produces coarse-grained textures with large crystals, while rapid cooling
produces fine-grained textures with small crystals.

7. Weathering, erosion and transport, deposition, and lithification.

8. Foliated rocks show mineral alignment in layers (e.g., schist), while non-foliated rocks do
not show layering (e.g.,.marble).

9. Intrusive igneous rock: granite; chemical sedimentary rock: limestone; foliated
metamorphic rock: slate.

10. Fossils provide evidence of past life and environments, helping geologists reconstruct
Earth’s history.

Long-Answer Questions

11.

-
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- Basic response: Igneous rocks are classified by mode of occurrence into intrusive and
extrusive, and by composition into felsic and mafic. These classifications help geologists
identify formation conditions.

- Value-added response: Beyond identification, these classifications reveal tectonic
settings, magma chemistry, and geological history. For example, felsic rocks indicate
continental crust processes, while mafic rocks are linked to oceanic crust.

12.

- Basic response: Sedimentary rocks are significant because they form through weathering,
deposition, and lithification, often showing stratification and containing fossils. They are
used as building materials and fuels.

- Value-added response: Sedimentary rocks also record environmental.changes, climate
history, and biological evolution. Their resources, such as coal and limestone, are vital for
industry, while their fossil content supports palaeontology and environmental
reconstruction.

13.

- Basic response: Metamorphism alters rocks through heat, pressure, and chemical fluids,
producing foliated and non-foliated rocks. Examples include schist and marble.

- Value-added response: Metamorphic rocks provide insights into tectonic processes and
crustal evolution. They are also valued for construction and art, such as slate for roofing and
marble for sculpture, linking'geology with cultural and economic significance.

Answers to Pilot Questions [Series 3]

Part 3.1 Definition.and General Characteristics of Rocks

1. Arock is anaturally occurring solid aggregate of one or more minerals.
2. Texture, structure; and composition.

3. Stratification.

4. Rocks are important because they record Earth’s history, reveal geological processes,
and provide resources.

Part 3.2 Igneous Rocks

1. Magma is molten rock beneath the Earth’s surface, while lava is molten rock that erupts
onto the surface.
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2. Slow cooling produces coarse-grained textures, while rapid cooling produces fine-
grained textures.

3. Intrusive igheous rocks form beneath the surface, while extrusive igneous rocks form at
the surface.

4. Felsic rocks arerich in silica and light-coloured minerals, while mafic rocks are rich iniiron
and magnesium and are darker.

5. Intrusive rock: granite; extrusive rock: basalt.

Part 3.3 Sedimentary Rocks

1. Weathering, erosion and transport, deposition, and lithification.
2. Clastic, chemical, and organic sedimentary rocks.

3. Stratification.

4. Clastic: sandstone; chemical: limestone; organic: coal.

5. Fossils provide evidence of past life and environments, helping geologists reconstruct
Earth’s history.

Part 3.4 Metamorphic Rocks

1. Metamorphismis the alteration of rocks by heat, pressure, or chemical processes without
melting, unlike igheous processes which involve molten material.

2. Contact metamorphism occurs near magma due to heat, while regional metamorphism
occurs over large areas under intense pressure and temperature.

3. Foliated rocks show mineralalignment in layers, while non-foliated rocks do not.
4. Foliated rock: schist; non-foliated rock: marble.

5. Marble is formed from limestone.

References and Attributions [Series 3]

General References

- Klein, C., & Dutrow, B. (2007). Manual of Mineral Science (23rd ed.). Hoboken, NJ: Wiley.
- Marshak, S. (2019). Essentials of Geology (6th ed.). New York: W. W. Norton & Company.
- Course content adapted from GEY 101: Introduction to Geology (2 Units C: LH 15; PH 45).
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- Supplementary explanations prepared in alignment with open educational resource (OER)
guidelines for independent learning.

Figures
- Figure 3.1 Distinction between minerals and rocks

Attribution: Suggested OER search string “difference between rocks and minerals diagram
OER”.

Al-generated prompt: “Generate a labelled diagram showing minerals (quartz, feldspar)
combining to form rocks (granite).”

- Figure 3.2 Formation of igheous rocks

Attribution: Suggested OER search string “igneous rock formation magma lava cooling
diagram OER”.

Al-generated prompt: “Generate a labelled diagram'showing magma cooling underground
to form intrusive rocks and lava cooling at the surface to form extrusive rocks.”

- Figure 3.3 Processes of sedimentary rock formation

Attribution: Suggested OER search-string “sedimentary rock formation processes diagram
OER”.

Al-generated prompt: “Generate 'a labelled diagram showing weathering, erosion,
deposition, and lithification leading to sedimentary rock formation.”

- Figure 3.4 Processes of metamorphism

Attribution: Suggested OERssearch string “contact and regional metamorphism diagram
OER”.

Al-generated prompt: “Generate a labelled diagram showing contact metamorphism near
magma and regional metamorphism during mountain building.”

Tables
-Table 3.1 General characteristics of rocks

Attribution: Suggested OER search string “rock characteristics texture structure
composition table OER”.

Al-generated prompt: “Generate a table listing texture, structure, and composition as
general characteristics of rocks with examples.”

-
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- Table 3.2 Classification of igneous rocks

Attribution: Suggested OER search string “igneous rock classification table intrusive
extrusive felsic mafic OER”.

Al-generated prompt: “Generate a table showingigneous rock classification by occurrence
(intrusive/extrusive) and composition (felsic/mafic) with examples.”

- Table 3.3 Classification of sedimentary rocks
Attribution: Suggested OER search string “classification of sedimentary.rocks table OER”.

Al-generated prompt: “Generate a table listing three types of sedimentary rocks (clastic,
chemical, organic) with examples.”

- Table 3.4 Classification of metamorphic rocks

Attribution: Suggested OER search string “classification. of metamorphic rocks table
OER”.

Al-generated prompt: “Generate a table showing foliated vs non-foliated metamorphic
rocks with examples.”

Plates
- Plate 3.2 Examples of igheous rocks

Attribution: Suggested OER search string “igneous rock examples granite basalt obsidian
OER”.

Al-generated prompt: “Generate an image showing labelled samples of granite, basalt, and
obsidian.”

- Plate 3.3 Examples of sedimentary rocks

Attribution: Suggested OER search string “examples of sedimentary rocks sandstone
limestone coal OER”.

Al-generated prompt: “Generate an image showing labelled samples of sandstone,
limestone, and coal.”

- Plate 3.4 Examples of metamorphic rocks

Attribution: Suggested OER search string “examples of metamorphic rocks schist marble
slate OER”.

-
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Al-generated prompt: “Generate an image showing labelled samples of schist, marble, and
slate.”

Boxes
- Box 3.1 Importance of studying rocks
Attribution: Suggested OER search string “importance of studying rocks geology OER”.

Al-generated prompt: “Generate a text box summarising the importance of studying rocks
in geology and human society.”

Course code: GEY 101
Course Title: Introduction to Geology

Units: 2 Units

List of Series

1. Structure and Composition of the Earth
2. Foundations of Minerals in Geology

3. Classification and Properties of Rocks
4. Driving Forces Within the Earth

5. Manifestations of Internal Earth Processes

4.1 Sources of Earth’s Internal Energy
-4.1.1 Heat from the Earth’s interior: primordial heat, radioactive decay.
-4.1.2 Role of convection currents: movement of material in the mantle.

- 4.1.3 Importance of internal energy in geological processes.

4.2 Plate Tectonics and Crustal Movements

-4.2.1 The theory of plate tectonics: lithosphere and asthenosphere.

-4.2.2 Types of plate boundaries: divergent, convergent, transform.

- 4.2.3 Effects of plate movements: earthquakes, mountain building, volcanism.

-
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4.3 Volcanism and Earthquakes

- 4.3.1 Causes and processes of volcanism: magma generation, eruption styles.
- 4.3.2 Distribution of volcanoes: relation to plate boundaries and hotspots.

- 4.3.3 Causes of earthquakes: stress accumulation and release.

- 4.3.4 Measurement and impacts of earthquakes: seismic waves, scales, hazards.

4.4 Mountain Building and Geological Deformation
- 4.4.1 Orogeny (mountain-building processes): folding, faulting, uplift.
-4.4.2 Types of mountains: fold mountains, block mountains, volcanic mountains.

- 4.4.3 Geological deformation and its significance: stress, strain, structures.

Introduction

Deep beneath our feet, powerful forces are constantly at work, shaping the Earth’s surface
and influencing the landscapes we see today. These internal forces drive processes such as
earthquakes, volcanism, and mountain building, and they are key to understanding the
dynamic nature of our planet. By studying them, we gain insight into both the hazards they
pose and the resources they provide, making this Series an essential step in your geological
learning journey.

-
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The aim of this Series is to introduce you to the sources and effects of the Earth’s internal
forces, enabling you to explain how they operate, classify their manifestations, and evaluate
their significance in shaping the planet and human society.

We shall commence this Series by examining the sources of the Earth’s internal energy,
including heat from the interior and the role of convection currents. Next, we will explore
plate tectonics and crustal movements, focusing on the theory, types of boundaries, and
their effects. Following that, we will move on to volcanism and earthquakes, considering
their causes, distribution, and impacts. Finally, we will wrap up by studying mountain
building and geological deformation, highlighting how folding, faulting, and uplift create
major landforms and structures.

Series Learning Outcomes

Upon completing this Series, you should be able to:

- SLO 4.1 define the sources of the Earth’s internal energy,including primordial heat and
radioactive decay,

- SLO 4.2 explain the role of convection currents in driving geological processes,
- SLO 4.3 describe the theory of plate tectonics and its key components,
- SLO 4.4 classify plate boundaries into divergent, convergent, and transform types,

- SLO 4.5 analyse the effects of plate movements such as earthquakes, mountain building,
and volcanism,

- SLO 4.6 explain the causes and processes of volcanism, including magma generation and
eruption styles,

- SLO 4.7 identify the global distribution of volcanoes and relate it to plate boundaries and
hotspots,

- SLO 4.8 explain the causes of earthquakes in terms of stress accumulation and release,
- SLO 4.9 describe how earthquakes are measured and evaluate theirimpacts on society,

- SLO 4.10 explain the processes of mountain building, including folding, faulting, and
uplift,

- SLO 4.11 classify mountains into fold, block, and volcanic types, and

- SLO 4.12 evaluate the significance of geological deformation in shaping Earth’s
structures.
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4.1 Sources of Earth’s Internal Energy

The Earth is a dynamic planet, constantly shaped by forces that originate deep within its
interior. These forces are powered by internal energy, which drives processes such as plate
tectonics, volcanism, earthquakes, and mountain building. Inthis Part, we will examine the
sources of this energy, how it is transferred, and why it'is essential for understanding
geological activity.

4.1.1 Heat from the Earth’s interior

The primary source of the Earth’s internal energy is heat, which originates from two main
sources:

- Primordial heat: Residual heat left over from the planet’s formation about 4.5 billion years
ago. This includes energy from the accretion of matter and the differentiation of the Earth’s
layers.

- Radioactive decay: The breakdown of radioactive isotopes such as uranium, thorium, and
potassium within the Earth’s mantle and crust. This process releases heat continuously,
contributing significantly to the Earth’s energy budget.

Fill in the blank: The breakdown of radioactive isotopes such as uranium and potassium
releases that contributes to Earth’s internal energy.

-
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Figure 4.1 Sources of Earth’s internal heat

4.1.2 Role of convection currents

Convection currents are the slow, continuous movements of molten or semi-molten
material within the Earth’s mantle. These currents are driven by differences in temperature
and density, causing hotter, less dense material to rise and cooler, denser material to sink.
Convection currents act as a conveyor belt, moving the lithospheric plates above and driving
processes such as continental drift and seafloor spreading.

Fill in the blank: The movement of lithospheric plates is driven by currents in the
mantle.
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Figure 4.2 Convection currents in the mantle

4.1.3 Importance of internalenergy in geological processes

The Earth’s internal energy is the engine behind many geological processes. It powers the
movement of tectonic plates, which in turn causes earthquakes, volcanism, and mountain
building. Without this.energy, the Earth would be geologically inactive, resembling planets
and moons with.no tectonic activity. Internal energy also plays a role in recycling materials
through processes such as subduction, ensuring that the Earth remains dynamic and ever-
changing.

Fill'in the blank: Without internal energy, the Earth would be geologically , with no
tectonic activity.

TheRole of Earth’s Internal Energy

Earth's internal heat—primarily derived from primordial heat (left over from the planet’s
formation) and radioactive decay of isotopes like Uranium, Thorium, and Potassium—is the
engine for almost all geological activity.

)
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e Driving Tectonic Activity: Heat creates convection currents within the semi-fluid
mantle. As hot material rises and cooler material sinks, it drags the overlying
lithospheric plates, leading to plate movements, seafloor spreading, and
subduction.

e Powering Volcanism: Internal energy melts rock into magma. This buoyancy-driven
ascent of molten rock through the crust results in volcanic eruptions, creating new
landmasses and cycling gases into the atmosphere.

e Mountain Building (Orogeny): The mechanical energy derived from. thermal
convection forces plates to collide. Thisimmense pressure folds and faults the crust,
pushing up massive mountain ranges like the Himalayas or the/Andes.

Box 4.1 Importance of Earth’s internal energy

Pilot Questions 4.1

1. What are the two main sources of the Earth’s internal heat?

2. How do convection currents in the mantle drive plate movements?

3. Why is radioactive decay important for maintaining the Earth’s internal energy?
4. What geological processes are powered by the Earth’s internal energy?

5. What would the Earth be like without internal energy?

4.2 Plate Tectonics and Crustal Movements

The Earth’s surface is not static but is divided into large, rigid slabs known as lithospheric
plates. These platesfloat on the semi-molten asthenosphere beneath and are constantly in
motion due to forces generated by the Earth’s internal energy. Their interactions explain
many geological phenomena, including earthquakes, volcanism, and the formation of
mountains. In this Part, we will explore the theory of plate tectonics, the types of plate
boundaries, and the effects of crustal movements.

4.2.1 The theory of plate tectonics

The theory of plate tectonics states that the Earth’s lithosphere is broken into plates that
move relative to one another. This theory combines earlier ideas of continental drift and
seafloor spreading, providing a unified explanation for global geological processes. The
lithosphere includes both continental and oceanic crust, while the asthenosphere beneath
allows plates to move due to convection currents.
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Fill in the blank: The rigid outer layer of the Earth that is broken into plates is called the

PLATE TECTONICS: LITHOSPHORE & ASTHENOSPHORE
OPEN EDUCATIONAL RESOURCE (OER)

LITHOSPHORIC PLATE

DIRECTION OF 3 " DthsE:gENNgF

MOVEMENT

Figure 4.3 The theory of plate tectonics

4.2.2 Types of plate boundaries

Plate boundaries arethe zones where plates meet and interact. They are classified into three
main types:

- Divergent boundaries: Plates move apart, creating new crust as magma rises, such as at
mid-ocean ridges.

- Convergent boundaries: Plates move towards each other, leading to subduction or
collision, forming trenches and mountains.

- Transform boundaries: Plates slide past each other horizontally, often causing
earthquakes, such as along the San Andreas Fault.

Fill in the blank: The boundary where two plates move apart, and new crust is formed is
called a boundary.

-
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Boundary Real-World

Type Motion Key Features Examples
Divergent Plates move nMeK\i/-(z:cr:S:'cn fgfrﬁ:fi,o:ftv\;il:laezisc; Mid-Atlantic  Ridge,
g apart ’ East African Rift.

activity.

Subduction zones, deep- | Andes’ Mountains,
Plates move . .
Convergent ocean trenches, mountain Mariana Trench,
together - . .
building, explosive volcanoes. Himalayas.

Plates slide Fault lines, high earthquake San Andreas Fault,
Transform activity, no crust created or North Anatolian
past
destroyed. Fault.

Table 4.1 Types of plate boundaries

4.2.3 Effects of plate movements

The movement of plates produces significant geological effects:

- Earthquakes: Sudden release of stress alongfaults at plate boundaries.
-Volcanism: Magma rising at divergent boundaries or subduction zones.

- Mountain building: Folding and uplift at convergent boundaries.

These effects shape the Earth’s surface and influence human activities, sometimes posing
hazards but also creating resources.

Fill in the blank: The sudden release of stress along faults at plate boundaries results in

-
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EFFECTS OF PLATE TECNONICS: EARTHQUKES, VOLLANOES, & MOUNTAINS (OER)
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TRANSFORM BOUNDARY (CEANIC-CONTINENTAL CONTINENTAL-CONTINENTAL
(ONVERGENT BOUNDARY (ONVERGENT BOUNDARY

Plate 4.1 Effects of plate movements

Pilot Questions 4.2

1. What does the theory of plate tectonics explain about the Earth’s lithosphere?
2. Name the three main types of plate boundaries.

3. Which type of boundary is associated with the creation of new crust?

4. What geological effects are produced by plate movements?

5. Give one example each of a divergent, convergent, and transform boundary.

4.3 Volcanism and Earthquakes

Volcanismand earthquakes are two of the most dramatic expressions of the Earth’s internal
forces. Both processes are directly linked to plate tectonics and the movement of energy
within'the Earth. In this Part, we will examine the causes and processes of volcanism, the
distribution of volcanoes, the causes of earthquakes, and how earthquakes are measured
and understood.

4.3.1 Causes and processes of volcanism

-
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Volcanism refers to the movement of magma from the Earth’s interior to the surface, where
it erupts as lava, gases, and ash. Magma forms when rocks in the mantle melt due to high
temperature, reduced pressure, or the presence of water. When magma rises through
cracks in the crust, it may erupt explosively or flow gently, depending on its composition and
gas content.

Fillin the blank: Magma that reaches the Earth’s surface and erupts is called

VOLCANISM: MAGMA FORMATION & ERUPTION (OER)

PLINIAN

¥ e ERUPTION

% ilm FLOWS
R ¢

CRATER K STRATOTOLCACO

ASH & GAS PLUME
SIDE VENT

LAVA FLOWS

LAYERS OF
LAVA & ASH

MAGMA

DECOMPRESSION &= S SR CLULI SR MANTLE
or FLUX MELTING

Figure 4.4 Processes of volcanism

4.3.2 Distribution of volcanoes

Volcanoes are not randomly scattered across the Earth but are concentrated in specific
regions. Most volcanoes occur along plate boundaries, especially at divergent boundaries
(mid-ocean ridges) and convergent boundaries (subduction zones). Some volcanoes also
form at hotspots, where plumes of hot mantle material rise independently of plate
boundaries, such as in Hawaii.

Fillin the blank: Volcanoes that form away from plate boundaries due to mantle plumes are
called volcanoes.

)
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Figure 4.5 Global distriba&s

4.3.3 Cause q

An earthqua e sudden release of energy in the Earth’s crust, producing seismic waves

that r S ing. Earthquakes occur when stress builds up along faults due to
ts is suddenly released. The point inside the Earth where the earthquake

ed the focus, while the point directly above it on the surface is the

e blank: The point inside the Earth where an earthquake originates is called the

-y
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EARTHQUAKE ANATOMY
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Figure 4.6 Causes of earthquakes

4.3.4 Measurement and impacts of earthquakes

Earthquakes are measured using seismographs, which record seismic waves. Their strength
is expressed in terms of magnitude, commonly measured on the Richter scale, and
intensity, which describes the effects felt by people and structures. Earthquakes can cause
widespread destruction, including collapsed buildings, landslides, and tsunamis, making
them one of the most hazardous geological events.

Fillin the blank: The instrument used to record seismic waves during an earthquake is called
a

How We Measure Earthquakes

e Magnitude (The Size): Measured by the Moment Magnitude Scale (Mw). It
quantifies the total energy released at the earthquake's source. Because the scale is
logarithmic, a magnitude 7.0 releases about 32 times more energy than a 6.0.

o Intensity (The Shaking): Measured by the Modified Mercalli Scale. It describes the
severity of shaking at a specific location based on human observation and structural
damage.
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¢ Instrumentation: Seismographs detect and record seismic waves. The resulting
graph, a seismogram, allows scientists to calculate the distance to the epicenter.

Impacts on People and Structures

e Structural Failure: Buildings, bridges, and dams can collapse if not built to seismic
codes. "Soft-story" buildings (like apartments over garages) are particularly
vulnerable.

e Ground Displacement: Fissures cantearthrough roads, pipelines, andfoundations,
cutting off essential utilities like water and gas.

e Secondary Hazards: Shaking often triggers landslides, liquefaction (where solid
ground turns to "quicksand"), and—if the quake occurs under the ocean—tsunamis.

e Social Disruption: Large-scale events lead to permanent displacement,
psychological trauma, and massive economic losses. in infrastructure repair.

Box 4.2 Measurement and impacts of earthquakes

Pilot Questions 4.3

1. What is volcanism and how does magmadreach the Earth’s surface?

2. Where are most volcanoes distributed globally?

3. What is the difference between a focus and an epicentre in earthquakes?
4. Which instrument is used to measure seismic waves?

5. What are some of the impacts of earthquakes on society?

4.4 Mountain Building and Geological Deformation

Mountains are_some of the most striking features of the Earth’s surface, formed through
powerful internal forces that deform the crust. The study of mountain building (orogeny) and
geological deformation helps us understand how the Earth’s structure responds to stress
and strain; producing landforms that shape continents and influence human activity. In this
Part, we will explore the processes of mountain building, the types of mountains, and the
significance of geological deformation.

4:4.1 Orogeny (mountain-building processes)

Orogeny refers to the processes that create mountains, usually at convergent plate
boundaries where immense pressure and heat deform the crust. These processes include:

- Folding: Bending of rock layers due to compressional forces.

- Faulting: Breaking and displacement of rocks along fractures.
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- Uplift: Vertical rise of crustal blocks due to tectonic forces.

Fillin the blank: The bending of rock layers due to compressional forces is called

MOUNTAIN BUILDING PROCESSES:
FOLDING, FAULTING, & UPLIFT (OER)

FOLDING: FAULTING: UPLIFT: EROSION &
CONTINENTAL-CONTINENAL BLOCK MOUNTAINS & ISOSTASY
CONVERRENCE

EROSION A\ ISOSTATIC
ANTICLINE SYNCLINE g T
/ = NORMAL FAULTS
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FAULT-MOUNTIAS |-
7{ S

COMPRESSION

UPLIFTED

MOUNTAIN RANGE / \ ASTHENSPHEERE

Figure 4.7 Mountain-building processes

4.4.2 Types of mountains
Mountains can be classified into three main types based on their origin:

- Fold mountains: Formed by the compression and folding of rock layers, such as the
Himalayas.

- Block mountains: Formed when large crustal blocks are uplifted or tilted along faults, such
as the Sierra Nevada.

- Volcanic mountains: Formed by the accumulation of lava and volcanic materials, such as
Mount Fuji.
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Fillin the blank: The Himalayas are an example of mountains formed by compression
and folding.

Mountain Primary Formation Real-World
Key Features
Type Process Examples
Long ridges,
Compression: Tectonic | valleys, and highly | Himalayas, Alps,
Fold . .
. plates collide, squeezing deformed Andes,
Mountains . . .
rock layers into waves. sedimentary rock | Appalachians.
layers.
I?J‘Siloigll:auul::dng; artTr:; Steep, straight cliffs | Sierra Nevada
Block P . P (fault scarps). and | (USA), Harz
. pushed, causing large .
Mountains . flat-topped _peaks | Mountains
blocks of rock to tilt or
(horsts). (Germany).
drop.
Magma Accumulation: Q4§ cone .
. shapes, craters at | Mt. Fuji, Mt. St.
Volcanic Molten rock erupts .
. the summit, and Helens, Mauna
Mountains through the crust and | .
o . igneous rock | Loa.
solidifies over time. .
composition.

Table 4.2 Types of mountains

4.4.3 Geological deformation and its significance

Geological deformation refers to the alteration of rocks and structures due to stress and
strain. Stress is the force applied to rocks, while strain is the resulting change in shape or
volume. Defarmation produces structures such as folds, faults, and joints, which are critical
for understanding tectonic activity.

The significance of geological deformation includes:
- Explaining the formation of major landforms.
-Helping geologists locate resources such as minerals and hydrocarbons.

- Assessing hazards related to earthquakes and landslides.

Fill in the blank: The change in shape or volume of rocks due to applied stress is called

-
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The Significance of Geological Deformation

Why Deformation Matters

¢ Landform Development: Deformation is the "Earth's architect." Without it, the
planet would be a geologically stagnant sphere. Processes like uplift create the high-
altitude environments that dictate global climate patterns, rain shadows, and river
drainage basins.

e Resource Exploration: Structural traps created by folding and faulting are essential
for the energy and mining sectors.

e Oil & Gas: Anticlines often act as natural reservoirs, trapping hydrocarbons
beneath impermeable rock layers.

 Mineral Wealth: Fault zones frequently serve as "highways" for hydrothermal
fluids, which deposit precious metals like. gold, copper, and silver in
concentrated veins.

e Hazard Assessment: Understanding the geometry of faults is the primary way we
predict and mitigate disaster. By mapping "'seismic gaps" (areas of a fault that haven't
moved recently), geologists can identify regions at the highest risk for future large-
scale earthquakes.

o Engineering & Infrastructure: Civil. engineers must account for deformation when
building tunnels, dams, and skyscrapers. Building across an active fault line or on
unstable, folded strata can lead to catastrophic structural failure during even minor
tectonic shifts.

Box 4.3 Significance of geological deformation

Pilot Questions 4.4

1. What is orogeny :and what processes are involved in mountain building?

2. Name the three main types of mountains and give one example of each.

3. What is the difference between stress and strain in geological deformation?
4. Why is geological deformation significant for geologists and society?

5. Which type of mountain is formed by volcanic activity?

Series Summary
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This Series has explored the driving forces within the Earth, highlighting how internal energy
shapes the planet’s surface and influences both natural environments and human society.
By examining these forces, you have gained insight into the dynamic processes that make
the Earth an active and ever-changing system.

We began with the sources of the Earth’s internal energy, focusing on primordial heat,
radioactive decay, and mantle convection. We then moved on to plate tectonics and crustal
movements, considering the theory, types of boundaries, and their effects. Following that,
we studied volcanism and earthquakes, looking at their causes, distribution;-and impacts.
Finally, we examined mountain building and geological deformation, emphasising folding,
faulting, uplift, and the classification of mountains. In line with the' Series Learning
Outcomes, you should now be able to define and explain the sourcesof internalenergy (SLO
4.1-4.2), describe and classify plate boundaries (SLO 4.3-4.4), analyse the effects of plate
movements (SLO 4.5), explain and identify processes of volcanism and earthquakes (SLO
4.6-4.9), and evaluate mountain building and geological deformation (SLO 4.10-4.12).

Glossary of Terms

- Asthenosphere: A semi-molten layer beneath the lithosphere that allows tectonic plates
to move.

- Convection currents: Slow movements of molten or semi-molten material in the mantle,
driven by differences in temperature and density, which move tectonic plates.

- Convergent boundary: A'type of plate boundary where two plates move towards each
other, often causing subduction, mountain building, or volcanism.

- Crust: The outermost solid layer of the Earth, forming both continental and oceanic
surfaces.

- Divergent boundary:/A type of plate boundary where two plates move apart, creating new
crust as magma rises.

- Earthquake: The sudden release of energy in the Earth’s crust, producing seismic waves
that cause ground shaking.

- Epicentre: The point on the Earth’s surface directly above the focus of an earthquake.

- Faulting: The breaking and displacement of rocks along fractures due to tectonic forces.
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- Focus: The point inside the Earth where an earthquake originates.

- Fold mountains: Mountains formed when rock layers are compressed and folded, such as
the Himalayas.

- Folding: The bending of rock layers due to compressional forces.

- Hotspot: A location where a plume of hot mantle material rises to the surface, forming
volcanoes away from plate boundaries.

- Internal energy: Energy generated within the Earth from primordial heat and radioactive
decay, driving geological processes.

- Lithosphere: The rigid outer layer of the Earth, made up of the crust and upper mantle,
divided into tectonic plates.

- Magnitude: A measure of the energy released by an earthquake, commonly expressed on
the Richter scale.

- Mantle: The thick layer of the Earth beneath the crust, composed of solid rock that can flow
slowly over time.

- Mountain building (orogeny): The processes that form mountains, including folding,
faulting, and uplift.

- Plate boundaries: Zones where tectonic plates meet and interact, classified as divergent,
convergent, or transform.

- Plate tectonics: The theory that the Earth’s lithosphere is divided into plates that move and
interact, explaining many geological processes.

- Primordial heat: Residual heat left over from the Earth’s formation, contributing to its
internal energy.

-Radioactive decay: The breakdown of radioactive isotopes in the Earth’s interior, releasing
heat that adds to internal energy.

-
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- Seismograph: An instrument used to record seismic waves during an earthquake.
- Strain: The change in shape or volume of rocks due to applied stress.
- Stress: The force applied to rocks that can lead to deformation.

- Subduction zone: A convergent boundary where one plate is forced beneath.another into
the mantle.

- Transform boundary: A type of plate boundary where two plates slide past each other
horizontally, often causing earthquakes.

- Uplift: The vertical rise of crustal blocks due to tectonicforces.

- Volcanic mountains: Mountains formed by the accumulation of lava and volcanic
materials, such as Mount Fuji.

- Volcanism: The movement of magma from the Earth’s interior to the surface, where it
erupts as lava, gases, and ash.

Concept Check Questions [Series 4]
Objective Questions
1. Define internal energy of the Earth. (Linked to SLO 4.1)

2. Which process.involving radioactive isotopes contributes significantly to Earth’s internal
heat? (Linked to SLO 4.1)

3. The slow movement'of molten material in the mantle is called . (Linked to SLO 4.2)
4. Name the rigid outer layer of the Earth that is broken into plates. (Linked to SLO 4.3)

5. Which type of plate boundary is associated with the creation of new crust? (Linked to SLO
4.4)

6. The point inside the Earth where an earthquake originates is called the . (Linked to SLO
4.8)

7. Which instrument is used to record seismic waves? (Linked to SLO 4.9)

Short-Answer Questions
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8. Explain how convection currents in the mantle drive plate movements. (Linked to SLO
4.2)

9. Distinguish between divergent, convergent, and transform plate boundaries. (Linked to
SLO 4.4)

10. Analyse the effects of plate movements by giving one example each of an earthquake, a
volcanic event, and a mountain-building process. (Linked to SLO 4.5)

11. Describe the causes and processes of volcanism. (Linked to SLO 4.6)

12. Identify the global distribution of volcanoes and explain the role of hotspots. (Linked to
SLO 4.7)

13. Differentiate between the focus and epicentre of an earthquake. (Linked to SLO 4.8)

14. Describe the difference between magnitude and intensity in earthquake measurement.
(Linked to SLO 4.9)

15. Classify mountains into fold, block, and volcanic types, giving one example of each.
(Linked to SLO 4.11)

Long-Answer Questions

16. Evaluate the importance of Earth’s internal energy in driving geological processes.
(Linked to SLO 4.1-4.2)

17. Assess the theory of plate tectonics and explain how it unifies earlier geological ideas.
(Linked to SLO 4.3-4.5)

18. Discuss the causes, distribution, and'impacts of volcanism and earthquakes. (Linked to
SLO 4.6-4.9)

19. Analyse the processes of mountain building and geological deformation, and evaluate
their significance for society. (Linked to SLO 4.10-4.12)

Answers to Concept Check Questions [Series 4]

Obijective Questions

1. Internalenergy is the heat generated within the Earth from primordial heat and radioactive
decay.

2. Radioactive decay.
3. Convection currents.
4. Lithosphere.

5. Divergent boundary.

-
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6. Focus.

7. Seismograph.

Short-Answer Questions

8. Convection currents move hotter, less dense material upward and cooler, denser
material downward, driving plate motion.

9. Divergent boundaries move apart forming new crust, convergent boundaries collide
causing subduction or uplift, and transform boundaries slide past each other causing
earthquakes.

10. Earthquake: San Andreas Fault; Volcanic event: Mount Fuji eruption; Mountain building:
Himalayas.

11.Volcanism occurs when magma forms in the mantle and rises through the crust, erupting
as lava, gases, and ash.

12. Volcanoes are concentrated along plate boundaries and hotspots, such as Hawaii.

13. Focus is the point inside the Earth where an earthquake originates, while the epicentre
is directly above it on the surface.

14. Magnitude measures the energy released, while intensity describes the effects felt by
people and structures.

15. Fold mountains: Himalayas; Block mountains: Sierra Nevada; Volcanic mountains:
Mount Fuji.

Long-Answer Questions
16.

- Basic response: Earth’s internal energy drives convection currents, plate movements,
volcanism, earthquakes, and mountain building.

- Value-added response: Beyond geological activity, internal energy explains planetary
evolution, resource formation, and hazard prediction, making it vital for both science and
society.

17.

- Basic response: Plate tectonics explains lithospheric plate movement, combining
continental drift and seafloor spreading.

- Value-added response: It unifies global geology, linking earthquakes, volcanism, and
mountain building, and provides predictive power for hazard management and resource
exploration.

-
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18.

- Basic response: Volcanism is caused by magma rising through the crust, while
earthquakes result from stress release along faults. Both are concentrated at plate
boundaries.

- Value-added response: Their distribution highlights tectonic activity zones,cand their
impacts include hazards such as tsunamis, destruction of infrastructure, and long-term
benefits like fertile soils and geothermal energy.

19.

- Basic response: Mountain building involves folding, faulting, and uplift, producing fold,
block, and volcanic mountains. Deformation explains stress and strainin.rocks.

- Value-added response: These processes shape continents, influence climate, provide
resources, and pose hazards. Understanding them supports sustainable development,
hazard mitigation, and appreciation of Earth’s dynamic nature.

Answers to Pilot Questions [Series 4]

Part 4.1 Sources of Earth’s Internal Energy
1. Primordial heat and radioactive decay.
2. Convection currents in the mantle.

3. Geological processes such as plate tectonics, earthquakes, volcanism, and mountain
building.

4. Geologically inactive.

5. The breakdown of radioactive isotopes releases heat.

Part4.2 Plate Tectonics and Crustal Movements

1. The lithosphere is broken into plates that move on the asthenosphere, explaining global
geological processes.

2. Divergent, convergent, and transform boundaries.
3. Divergent boundary.
4. Earthquakes, volcanism, and mountain building.

5. Divergent: Mid-Atlantic Ridge; Convergent: Himalayas; Transform: San Andreas Fault.

-
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Part 4.3 Volcanism and Earthquakes
1. Volcanism is the movement of magma to the surface, erupting as lava, gases, and ash.
2. Along plate boundaries and hotspots.

3. Focus is the point inside the Earth where the earthquake originates; epicentre is directly
above it on the surface.

4. Seismograph.

5. Collapsed buildings, landslides, tsunamis, and widespread destruction.

Part 4.4 Mountain Building and Geological Deformation
1. Orogeny; processes include folding, faulting, and uplift.

2. Fold mountains: Himalayas; Block mountains: Sierra Nevada; Volcanic mountains:
Mount Fuji.

3. Stress is the force applied to rocks; strain is the resulting change in shape or volume.
4. It explains landform development, helps locate resources, and aids hazard assessment.

5. Volcanic mountains.

References and Attributions [Series 4]

General References

- Marshak, S.(2019). Essentials of Geology (6* ed.). New York: W. W. Norton & Company.

- Klein, C., & Dutrow, B:(2007). Manual of Mineral Science (23+ed.). Hoboken, NJ: Wiley.

- Course contentadapted from GEY 101: Introduction to Geology (2 Units C: LH 15; PH 45).

- Supplementary explanations prepared in alignment with open educational resource (OER)
guidelines for independent learning.

Figures
e Figure 4.1 Sources of Earth’s internal heat

Attribution: Suggested OER search string “sources of Earth’s internal heat primordial
radioactive decay diagram OER”.

-
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Al-generated prompt: “Generate a labelled diagram showing primordial heat from Earth’s
formation and radioactive decay as sources of internal energy.”

e Figure 4.2 Convection currents in the mantle

Attribution: Suggested OER search string “mantle convection currents plate-tectonics
diagram OER”.

Al-generated prompt: “Generate a labelled diagram showing convection currents in the
mantle moving lithospheric plates.”

e Figure 4.3 The theory of plate tectonics

Attribution: Suggested OER search string “plate tectonics lithosphere asthenosphere
diagram OER”.

Al-generated prompt: “Generate a labelled diagram showinglithospheric plates floating on
the asthenosphere with arrows indicating movement.”

e Figure 4.4 Processes of volcanism

Attribution: Suggested OER search string “volcanism magma formation eruption diagram
OER”.

Al-generated prompt: “Generate a labelled diagram showing magma formation in the
mantle, rising through the crust, and erupting as lava.”

o Figure 4.5 Global distribution of volcanoes
Attribution: Suggested OER search string “global distribution of volcanoes map OER”.

Al-generated prompt: “Generate a world map showing volcanoes along plate boundaries
and hotspots such as Hawaii.”

e / Figure 4.6 Causes of earthquakes

Attribution: Suggested OER search string “earthquake focus epicentre seismic waves
diagram OER”.

Al-generated prompt: “Generate a labelled diagram showing the focus, epicentre, and
seismic waves of an earthquake.”

-
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e Figure 4.7 Mountain-building processes

Attribution: Suggested OER search string “mountain building processes folding faulting
uplift diagram OER”.

Al-generated prompt: “Generate a labelled diagram showing folding, faulting, and upliftas
processes of mountain building.”

Plates
e Plate 4.1 Effects of plate movements

Attribution: Suggested OER search string “effects of platetectonics earthquakes volcanoes
mountains OER”.

Al-generated prompt: “Generate an image showing. labelled examples of earthquakes,
volcanoes, and mountains caused by plate movements.”

Tables
e Table 4.1 Types of plate boundaries
Attribution: Suggested OER search string “types of plate boundaries table OER”.

Al-generated prompt: “Generate a table showing types of plate boundaries (divergent,
convergent, transform), theirfeatures, and examples.”

e Table4.2 Types of mountains

Attribution: Suggested OER search string “types of mountains fold block volcanic table
OER”.

Al-generated prompt: “Generate a table showing types of mountains (fold, block, volcanic)
with their features and examples.”

Boxes

e Box4.1Importance of Earth’s internal energy

-
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Attribution: Suggested OER search string “importance of Earth’s internal energy geology
OER”.

Al-generated prompt: “Generate a text box summarising the importance of Earth’s internal
energy in geological processes.”

¢ Box 4.2 Measurement and impacts of earthquakes

Attribution: Suggested OER search string “earthquake measurement Richter scale
seismograph impacts OER”.

Al-generated prompt: “Generate a text box summarising how earthquakes are measured
and their impacts on people and structures.”

¢ Box 4.3 Significance of geological deformation

Attribution: Suggested OER search string “geological deformation significance hazards
resources OER”.

Al-generated prompt: “Generate a text box summarising the significance of geological
deformation in geology and society.”

Course code: GEY 101
Course Title: Introduction to Geology

Units: 2 Units

List of Series

1. Structure and Composition of the Earth
2. Foundations of Minerals in Geology

3. Classification and Properties of Rocks
4. Driving Forces Within the Earth

5. Manifestations of Internal Earth Processes

-
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5.1 Volcanic Landforms and Features
-5.1.1 Types of volcanic eruptions: explosive vs effusive.
-5.1.2 Volcanic landforms: shield volcanoes, stratovolcanoes, cinder cones, calderas.

- 5.1.3 Secondary volcanic features: geysers, hot springs, fumaroles.

5.2 Earthquake Landforms and Effects
- 5.2.1 Fault scarps and rift valleys.
- 5.2.2 Seismic waves and ground deformation.

- 5.2.3 Earthquake hazards: tsunamis, landslides, liquefaction.

5.3 Mountain Landforms and Structural Features
- 5.3.1 Fold structures: anticlines, synclines, nappes.
- 5.8.2 Fault structures: horsts, grabens, thrust faults.

- 5.3.3 Types of mountains revisited:fold, block, volcanic.

5.4 Integrated Impact of Internal Processes
- 5.4.1 Interaction of volcanism, earthquakes, and mountain building.
-5.4.2 Influence on landscapes and ecosystems.

- 5.4.3 Implications for human society and hazard management.

-
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Introduction

In the last Series, we explored the driving forces within the Earth, focusing on how internal
energy powers tectonic activity, volcanism, earthquakes, and mountain building. In this
Series, we turn our attention to the visible outcomes of those forces. The-landforms and
features created by internal processes are not only striking in appearance but also vital in
shaping landscapes, influencing ecosystems, and affecting human society. Understanding
these manifestations helps us connect deep Earth processes with the surface expressions
we can observe and study.

The aim of this Series is to introduce you to the major landforms and features produced by
internal Earth processes and to equip you with the knowledge needed to explain their
origins, classify their types, and evaluate their impacts on both natural and human
systems.

We shall commence this Series by examining volcanic landforms and features, including
eruption types, volcano structures, and secondary features such as geysers and hot springs.
Next, we will explore earthquake landforms and effects, considering fault scarps, rift
valleys, and associated hazards. Following that, we willmove on to mountain landforms and
structural features, revisiting fold, block, and volcanic mountains alongside key geological
structures. Finally, we will wrap up by integrating these processes, highlighting how
volcanism, earthquakes, and mountain building interact to shape landscapes, ecosystems,
and human society.

Series Learning Outcomes

Upon completing this Series, you should be able to:
- SLO 5.1 describe the different types of volcanic eruptions,

- SLO'5.2 classifyvolcanic landforms such as shield volcanoes, stratovolcanoes, cinder
cones, and calderas,

- SLO 5.3 explain the formation of secondary volcanic features including geysers, hot
springs, andfumaroles,

-SLO 5.4 identify earthquake-related landforms such as fault scarps and rift valleys,
- SLO 5.5 analyse the effects of seismic waves on ground deformation,
- SLO 5.6 evaluate earthquake hazards including tsunamis, landslides, and liquefaction,

- SLO 5.7 describe fold structures such as anticlines, synclines, and nappes,
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- SLO 5.8 classify fault structures including horsts, grabens, and thrust faults,
- SLO 5.9 distinguish between fold, block, and volcanic mountains with examples,

- SLO 5.10 explain how volcanism, earthquakes, and mountain building interact to shape
landscapes,

- SLO 5.11 assess the influence of internal Earth processes on ecosystems and human
society, and

- SLO 5.12 evaluate strategies for managing hazards associated with internal Earth
processes.

5.1 Volcanic Landforms and Features

Volcanoes are among the most visible manifestations of the Earth’s internal forces. They
provide evidence of the movement of magma from the Earth’s interior to the surface and
create distinctive landforms that shape landscapes and influence human activity. In this
Part, we will explore the types of volcanic eruptions, the landforms they produce, and the
secondary features associated with volcanic activity.

5.1.1 Types of volcanic eruptions

Volcanic eruptions vary in style depending on the composition of magma and the amount of
dissolved gases.

- Explosive eruptions occur when magma is viscous and gas-rich, producing violent blasts
of ash, pyroclastic material, and lava. These eruptions can devastate surrounding areas and
alter climates temporarily.

- Effusive eruptions occur when magma is fluid and gas-poor, allowing lava to flow steadily
across the surface. These eruptions build broad, gently sloping landforms.

-
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Fill in the blank: When magma is viscous and gas-rich, the eruption style is described as

VOLCANIC ERUPTIONS: EXPLOSIVE VS. EFFUSIVE (OER)

EXPLOSIVE ERUPTION EFFUSIVE ERUPTION

FELSIC MAGMA
(High Silica, Viscious)

MAFIC MAGMA
(Low Silica, Viscuny)

HIGH GAS CONTENT
(High Pressure)

HIGH GAS CONTENT

LOW GAS CONTENT
(High Pressure) 7,

(Low Pressure)

LAVA FLOWS
LAVA & ASH (Low Viscoity)

v

Figure 5.1 Types of volcanic eruptions

5.1.2 Volcanic landforms
Volcanoes produce avariety of landforms, each with distinctive characteristics:

- Shield volcanoes: Broad, gently sloping structures formed by successive flows of fluid lava,
such as those in Hawaii.

- Stratovolcanoes (composite volcanoes): Steep-sided, layered volcanoes built from
alternating eruptions of lava and pyroclastic material, such as Mount Fuiji.

- Cinder cones: Small, steep-sided cones formed from the accumulation of volcanic
fragments around a vent.

- Calderas: Large depressions formed when a volcano collapses after a massive eruption.
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Fill in the blank: A steep-sided volcano built from alternating layers of lava and pyroclastic

material is called a

Landform Shape & Structure Eruption Style Real-World
Examples
. Broad, gently sloping, | Effusive: Low-viscosity Mauna“ Loa
Shield : (Hawaii),
and very large. Built | mafic lava flows long . .
Volcano . . Skjaldbreidur
by layers of fluid lava. | distances.
(Iceland).
Tall, symmetrical fi);f:)(l)(s)issve: High; Mt. Fuji (Japan),
cones with steep sides. oSty . Mt. Rainier (USA),
Stratovolcano . . felsic/intermediate .
Built by alternating : . Mt. Vesuvius
magma with.high. gas
layers of lava and ash. (Italy).
content.
Small, simple cones
with a bowl-shaped=| Moderately Explosive: | Paricutin
Cinder Cone crater at the summit. | Short-lived eruptions of | (Mexico), Sunset
Built from loose | gas-rich basaltic lava. Crater (USA).
"scoria" (cinders).
Large, basin-shaped. | Catastrophic: Occurs | Yellowstone
Caldera depressions formed by | after a massive | (USA), Santorini
the collapse of a | evacuation of a magma | (Greece), Crater
volcan@'s summit. chamber. Lake (USA).

Table 5.1 Types of volcanic landforms

5.1.3 Secondary volcanic features

Volcanic. activity also’ produces secondary features that are linked to heat and gases
escaping from the Earth’s interior:

- Geysers: Hot water and steam erupting intermittently from underground reservoirs.

- Hot springs: Pools of heated groundwater that rise to the surface.

- Fumaroles: Openings that emit steam and volcanic gases such as sulphur dioxide.

These features are important for geothermal energy and tourism, but they also indicate
ongoing volcanic activity.

Fillin the blank: Openings that emit steam and volcanic gases are known as

-

D
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SECONDARY VOLCANIC FEATURES: GEYSERS,

HOT SPRINGS & FUMAROLES (OER)

GEYSER HOT SPRING FUMAROLE

HIGH-TEMPERATURE STEAM
& VOLCANIC GASES (H,S, C0,)

STEAM &
«
HOT WATER CRUSTAL —_, -

FISSIURE

STEAM

COLD
GROUNDWATER HEATED WATER

-

SUPERHEATED
STEAM & GASES WATER

SULPHUR UNDERDYING
DEPSOITS MAGMA

SILICA

DEPOSITS y, —

o
THERMOHOLIC ALGAE
& BACTERIA ROCKY BASIN

MAGMA CHAMBER

HEAT SOURCE

Plate 5.1 Secondary volcanic features

Pilot Questions 5.1

1. What factors determine whether a volcanic eruption is explosive or effusive?

2. Name the four main types of volcanic landforms and give one example of each.
3. Whatis a caldera and how does it form?

4. |dentify three secondary volcanic features and explain their significance.

5. Which type of volcano is broad and gently sloping, formed by fluid lava flows?

5.2 Earthquake Landforms and Effect

Earthquakes are sudden and powerful manifestations of the Earth’s internal forces. They
occur when stress built up in the crust is released, producing seismic waves that shake the
ground. These events not only generate immediate hazards but also leave behind distinctive
landforms that shape landscapes. In this Part, we will explore earthquake-related

-
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landforms, the role of seismic waves in ground deformation, and the hazards associated
with earthquakes.

5.2.1 Fault scarps and rift valleys

Fault scarps are steep slopes or cliffs formed when blocks of the Earth’s crust move
vertically along a fault line. They are visible evidence of crustal displacement during
earthquakes. Rift valleys are elongated depressions formed when large crustal blocks sink
between parallel faults, often associated with divergent plate boundaries such as the East
African Rift.

Fillin the blank: A steep slope formed by vertical displacement along a fault line'is called a

CRUSTAL DISPLACEMENT: FAULT
SCARPS & RIFT VALLEYS (OER)

FAULT SCARP: RIFT VALLEY:
NORMAL FAULTING CONTINENTAL RIFTING
ROCK STRATA

TENSION HORST FAULT LINE

FISBNES HORST

FISSURES

> /=

RIFT VALLEY

FAULT SCARP

MAGMA
(ASTHENSSPHOERE)

GRABEN GRABEN

Figure 5.2 Fault scarps and rift valleys
5.2.2 Seismic waves and ground deformation

Seismic waves are vibrations that travel through the Earth’s crust during an earthquake.
They are classified into primary waves (P-waves), which are compressional and travel
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fastest, and secondary waves (S-waves), which are shear waves and slower but more
destructive. Surface waves, which move along the Earth’s crust, cause the most visible
ground deformation. These waves can bend, tilt, or fracture the ground, leaving permanent
changes in the landscape.

Fill in the blank: The fastest seismic waves that travel through the Earth’s crust are called

SEISEMIC WAVES & EARTHEQUAKE EFFECTS (OER)

P-WAVES S-WAVES SURFACE WAVES
(PRIMARY WAVES) (SECONDARY WAVES) (LOVE & RAYALYGH)

A
MOST DESTRUCTIVE

A SHEAR MOTION
PUSH DRRESION | SHEAR MOTION /
L e
Focus — —
NS St
[ e — \_/-\
= s = e I_ o o \ =

iy -
; \
COMPRESION Z/Z/\
& EXPANSION v SHEAR MOTION ?ﬁ l

v LATERAL SHEAR

FASTEST: TRAVELS THROUGH SLOWER: TRAVELLS
SOLIDS & LIQUIDS THROUGH SOLIDS SLUWESTD:AC'::JSEES MOST

<«— Ground Motion —»
Seiemic Wave Direction

Figure’5.3 Types of seismic waves and ground deformation

5.2.3 Earthquake hazards

Earthquakes produce a range of hazards that affect both natural and human systems:
-Tsunamis: Large sea waves generated by undersea earthquakes or landslides.

- Landslides: Sudden downslope movement of soil and rock triggered by ground shaking.

- Liquefaction: The process by which water-saturated soils lose strength and behave like a
liquid during intense shaking.

)
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These hazards can cause widespread destruction, making earthquakes one of the most
dangerous natural phenomena.

Fill in the blank: When water-saturated soils lose strength and behave like a liquid during
shaking, the process is called

Earthquake Hazards: Beyond the Shaking

While the initial tremor is what we feel first, earthquakes often trigger secondary geological
processes that can be far more destructive than the shaking itself. Understanding these hazards is
vital for coastal and mountainous disaster or preparedness.

1. Tsunamis

A tsunami is a series of powerful, long-period ocean waves. They are most commonly triggered
by large undersea earthquakes at subduction zones, where the vertical displacement of the seafloor
"pushes" the entire column of water above it.

e The Danger: In the open ocean, these waves are small, but as they reach shallow coastal
waters, they slow down and gain immense height. They can travel inland for kilometers,
causing massive flooding and structural devastation.

2. Landslides

Earthquake-induced landslides occur when seismic vibrations destabilize slopes. The shaking
overcomes the internal friction of the soil or rock, causing it to succumb to gravity and slide
downward.

e The Danger: Landslides can happen instantly, burying roads, homes, and infrastructure.
In some cases, they can dam rivers, creating "quake lakes" that pose a secondary flood risk
to communities downstream if the natural dam eventually fails.

3. Liquefaction

Liquefaction occurs in loose, saturated, sandy soils. During intense shaking, the water pressure
between soil particles increases to the point where the soil loses its horizontal strength and begins
to behave like a thick liquid.

e The Danger: Ground that was once solid suddenly becomes "mushy." This causes heavy
buildings to tilt or sink, underground storage tanks and pipes to float to the surface, and flat
ground to "spread" laterally toward bodies of water.

Box 5.1 Major earthquake hazards

Pilot Questions 5.2

-
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1. What landforms are created by vertical displacement along faults and by sinking crustal
blocks?

2. Name the three main types of seismic waves and describe their differences.
3. Which seismic waves travel fastest through the Earth’s crust?
4. What s liquefaction and why is it hazardous during earthquakes?

5. Give one example each of an earthquake hazard: tsunami, landslide, and liquefaction.

5.3 Mountain Landforms and Structural Features

Mountains are some of the most prominent features of the Earth’s surface, formed through
powerful internal forces that deform the crust. These landforms not only shape landscapes
but also influence climate, ecosystems, and human settlement. In this Part, we will explore
fold structures, fault structures, and the classification of mountains, highlighting how
geological deformation creates these striking features.

5.3.1 Fold structures

Folds are bends in rock layers caused by compressional forces. When rocks are subjected
to stress over long periods, they deform plastically rather than breaking. The main types of
folds include:

- Anticlines: Upward-arching folds with the oldest rocks at the core.
- Synclines: Downward-curving folds with the youngest rocks at the centre.

- Nappes: Large-scale folds where rock layers are pushed horizontally over long distances.

Fill in the blank: A downward-curving fold with the youngest rocks at the centre is called a

-
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Major Fold Structures
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Figure 5.4 Fold structures in mountain building

5.3.2 Fault structures

Faults are fractures in the Earth’s crust along which movement has occurred. They are
created when stress exceeds the strength of rocks, causing them to break. Fault structures
include:

- Horsts: Raised blocks of crust bounded by faults.
- Grabens: Lowered blocks of crust that sink between parallel faults.

- Thrust faults: Low-angle faults where older rocks are pushed over younger ones.

Filliin the blank: A lowered block of crust that sinks between parallel faults is called a
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Major Fault Structures
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Figure 5.5 Fault structures in mountain building

5.3.3 Types of mountains revisited

Mountains can be classified based on their origin:

- Fold mountains: Formed by compression and folding of rock layers, e.g. the Himalayas.

- Block mountains: Formed by faulting and uplift of crustal blocks, e.g. the Sierra Nevada.

- Volcanic mountains: Formed by the accumulation of lava and volcanic materials, e.g.

Mount Fuji.
Fillin the blank: The Himalayas are an example of mountains formed by compression
and folding.
Rlorgin Formation Process Key Features Real-World
Type Examples
Created by Fhe collision Large-gcale ridges Himalayas (Asia),
of  tectonic  plates, | (anticlines) and valleys
Fold . . ] Alps (Europe),
. causing the crust to | (synclines); often form
Mountains . , ) Andes (South
compress and buckle into | the world’s  highest .
America).
folds. ranges.
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Mountain Formation Process Key Features Real-World
Type Examples
Formed when large | Characterized by steep, | Sierra Nevada
crustal  blocks are | rugged sides and | (USA), Harz
Block . . . .
Mountains uplifted or tilted along | relatively flat  tops | Mountains
fault lines due to tension | (Horsts); separated by | (Germany),
or compression. valleys (Grabens). Vosges (France).
Formed by the
accumulation of molten Tvoically  conical  in Mt. . Kilimanjaro
Volcanic rock (lava) and yplcarly (Tanzania),< MLt.
. . ) shape with a central vent .
Mountains pyroclastic debris or crater at the summit Fuji (Japan), Mt.
erupted from the Earth's ’ Etna (Italy).
interior.

Table 5.2 Types of mountains

Pilot Questions 5.3

1. What are anticlines, synclines, and nappes, and how do they form?

2. Name three fault structures and describe their characteristics.

3. Which type of mountain is formed by faulting and uplift of crustal blocks?
4. Give one example each of fold, block, andvolcanic mountains.

5. Why are nappes considered large-scale fold structures?

5.4 Integrated Impact of Internal Processes

The Earth’s internal forces do not act in isolation. Volcanism, earthquakes, and mountain
building__are " interconnected processes that together shape landscapes, influence
ecosystems, and affect human society. In this Part, we will examine how these processes
interact, their combined influence on natural environments, and their implications for
hazard management and sustainable living.

5.4.1 Interaction of volcanism, earthquakes, and mountain building

Volcanism, earthquakes, and mountain building are all driven by the movement of tectonic
plates and the release of internal energy. For example, subduction zones produce both
volcanic activity and earthquakes, while the collision of plates leads to mountain building
accompanied by seismic events. These processes are therefore best understood as parts of
a single dynamic system rather than separate phenomena.

-
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Fillin the blank: Subduction zones produce both activity and earthquakes, showing
the interconnected nature of internal processes.

Plate Boundary Interactions: Tectonics in Action

Fold-and-Thrust Mountain Belt

Magma

Generation & Ascent Volcanic Arc Earthquake

Epicenters

Subducting
Oceanic Plate

Direction Plate Movement

OER | CC BY-SA

Figure 5.6 Interaction of internal Earth processes

5.4.2 Influence on landscapes and ecosystems

The combined impact ofinternal processes creates diverse landscapes. Volcanic eruptions
form new land, earthquakes reshape terrain, and mountain building produces ranges that
influence climate and_biodiversity. These landscapes provide habitats for species and
resources for humans, but they also present challenges such as unstable ground or harsh
environments.

Fillin the blank: Mountain ranges influence both climate and , making them important
for ecosystems.
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Landscapes Shaped by Internal Earth Processes
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Plate 5.2 Landscapes shaped by internal processes

5.4.3 Implications for human society and hazard management

The integrated impact of internal processes has significant implications for human society.
Volcanic eruptions can .destroy settlements but also enrich soils. Earthquakes can
devastate infrastructure, while mountain building influences water supply and agriculture.
Effective hazard management—the strategies used to reduce risks from natural hazards—
is essential for communities living in tectonically active regions. This includes monitoring,
preparedness,.and sustainable land use planning.

Fillin the blank: Strategies used to reduce risks from natural hazards are collectively known
as management.

Societallmpacts

e Human Safety & Health: Immediate threats include trauma from collapsing buildings
(earthquakes), suffocation from ash or toxic gases (volcanoes), and injury from landslides
in mountainous terrain. Long-term health issues can arise from contaminated water
supplies and respiratory diseases.

e Infrastructure & Economy: Seismic shaking and lava flows can destroy power grids,
telecommunications, and transport networks. The destruction of factories and farmland
often leads to job losses, food shortages, and severe economic recession in affected regions.
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o Displacement: Significant events often lead to "climate or hazard refugees," where entire
communities must be permanently relocated due to the total loss of habitable land or
recurring risk.

Hazard Management Strategies

Effective management follows a four-pillar approach to minimize "cascading effects" (where one
event triggers a series of others):

1. Prediction & Monitoring:

o Earthquakes: While exact timing is impossible to predict, seismologists map
"seismic gaps" and use sensors to detect P-waves for early warning systems.

e Volcanoes: Scientists monitor gas emissions, ground deformation (using
tiltmeters), and "seismic swarms" to forecast eruptions days or weeks in advance.

2. Engineering & Land-Use Planning:

o Implementing strict building codes (e.g., cross-bracing, base isolators) to ensure
structures sway rather than collapse.

o Hazard Mapping to identify high-risk zones—such as lahar paths or liquefaction-
prone soil—and restricting development in those areas.

3. Community Readiness:
e Conducting regular emergency drills (e.g., Japan’s "Disaster Prevention Day").

o Educating the public on "Drop, Cover, and Hold On" techniques and maintaining
emergency "go-bags."

4. Response & Recovery:

o Establishing clear evacuation routes and stockpiling essential supplies (water, tents,
medicine) in safe locations.

Box 5.3 Humaniimplications of internal Earth processes

Pilot Questions 5.4

1. How are volcanism, earthquakes, and mountain building interconnected?

2. In what'ways do internal processes shape landscapes and ecosystems?

3. What role do mountain ranges play in influencing climate and biodiversity?

4. What is hazard management and why is it important in tectonically active regions?

5. Give one example of how internal processes can both benefit and challenge human
society.
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Series Summary

This Series has focused on the manifestations of internal Earth processes, showing how
deep-seated forces shape the surface and influence both natural environments and human
society. By examining these processes, you have been able to connect the movement of
energy within the Earth to the landforms and features that we can observe and study.

We began with volcanic landforms and features, considering eruption styles, volcano types,
and secondary features such as geysers and hot springs. Then we explored-earthquake
landforms and effects, including fault scarps, rift valleys, seismic waves, and hazards such
as tsunamis and liquefaction. Following that, we studied mountain landforms and structural
features, looking at folds, faults, and the classification of mountains. Finally, we integrated
these processes to understand their combined impact on landscapes, ecosystems, and
human society. In line with the Series Learning Outcomes, you should now be able to
describe and classify volcanic eruptions and landforms (SLOs 5.1-5.3), identify earthquake
landforms and hazards (SLOs 5.4-5.6), explain fold and fault structures and classify
mountains (SLOs 5.7-5.9), and evaluate the integrated influence of internal processes on
landscapes, ecosystems, and hazard management(SLOs 5.10-5.12).

Glossary of Terms

- Anticline: An upward-arching fold in rock layers, with the oldest rocks at the centre.

- Block mountain: Amountain formed when large crustal blocks are uplifted or tilted along
faults.

- Caldera: A largedepression formed when a volcano collapses after a massive eruption.

- Cinder cone: A small, steep-sided volcanic cone built from fragments of lava and ash
around a vent.

-/Effusive eruption: A volcanic eruption where fluid lava flows steadily across the surface,
producing broad landforms.

- Epicentre: The point on the Earth’s surface directly above the focus of an earthquake.
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- Explosive eruption: A volcanic eruption where viscous, gas-rich magma produces violent
blasts of ash, lava, and pyroclastic material.

- Fault scarp: A steep slope or cliff formed by vertical displacement along a fault line during
an earthquake.

- Fold mountain: A mountain formed by the compression and folding of rock layers, such as
the Himalayas.

- Fumarole: An opening in the Earth’s surface that emits steam and volcanic gases.
- Grabens: Lowered blocks of crust that sink between parallel faults.

- Geyser: A hot spring that intermittently erupts with water and steam due to underground
pressure.

- Horst: Araised block of crust bounded by faults.

- Liquefaction: A process during earthquakes where water-saturated soils lose strength and
behave like a liquid.

- Nappe: A large-scale fold where rock layers are pushed horizontally over long distances.

- Rift valley: An elongated depression formed when crustal blocks sink between parallel
faults, often at divergent boundaries.

- Seismic waves: Vibrations that travel through the Earth’s crust during an earthquake,
including primary (P), secondary (S), and surface waves.

- Shield volcano: A broad, gently sloping volcano formed by successive flows of fluid lava.

-‘Stratovolcano (composite volcano): A steep-sided volcano built from alternating layers of
lava.and pyroclastic material.

- Syncline: A downward-curving fold in rock layers, with the youngest rocks at the centre.
- Thrust fault: A low-angle fault where older rocks are pushed over younger ones.

-
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- Tsunami: A large sea wave generated by undersea earthquakes or landslides.

- Volcanic mountain: A mountain formed by the accumulation of lava and volcanic
materials.

Concept Check Questions [Series 5]
Objective Questions
1. Define a shield volcano. (Linked to SLO 5.2)

2. Which type of volcanic eruption is associated with viscous, gas-rich magma? (Linked to
SLO 5.1)

3. Asteep slope formed by vertical displacement along a fault line is called a . (Linked to SLO
5.4)

4. Name the fastest seismic waves that travel through the Earth’scrust. (Linked to SLO 5.5)

5. What s the term for water-saturated soils losing strength and behaving like a liquid during
shaking? (Linked to SLO 5.6)

6. Identify the fold structure characterised by a downward-curving shape with the youngest
rocks at the centre. (Linked to SLO5.7)

7. Which type of mountain is formed by faulting and uplift of crustal blocks? (Linked to SLO
5.9)

Short-Answer Questions

8. Explain the difference between explosive and effusive volcanic eruptions. (Linked to SLO
5.1)

9. Classify volcanic landforms into shield volcanoes, stratovolcanoes, cinder cones, and
calderas, giving one.example of each. (Linked to SLO 5.2)

10. Describe three secondary volcanic features and explain their significance. (Linked to
SLO 5.3)

11. Distinguish between horsts, grabens, and thrust faults. (Linked to SLO 5.8)
12. Analyse the effects of seismic waves on ground deformation. (Linked to SLO 5.5)

13. Identify three major earthquake hazards and explain how they affect human society.
(Linked to SLO 5.6)

14. Give one example each of fold, block, and volcanic mountains. (Linked to SLO 5.9)

-
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Long-Answer Questions

15. Evaluate the importance of volcanic eruptions in shaping landscapes and ecosystems:
(Linked to SLO 5.2-5.3)

16. Assess the role of earthquakes in creating landforms and hazards. (Linked to.SLO 5.4-
5.6)

17. Discuss the processes of mountain building, focusing on folds and faults, and explain
their significance. (Linked to SLO 5.7-5.9)

18. Analyse how volcanism, earthquakes, and mountain building interact to shape
landscapes and evaluate theirimplications for human society. (Linked to SLO.5.10-5.12)

Answers to Concept Check Questions [Series 5]

Objective Questions

1. A shield volcano is a broad, gently sloping volcano formed by successive flows of fluid
lava.

2. Explosive eruption.

3. Fault scarp.

4. Primary waves (P-waves).
5. Liquefaction.

6. Syncline.

7. Block mountain.

Short-Answer Questions

8. Explosive eruptions involve viscous, gas-rich magma producing violent blasts, while
effusive eruptions involve fluid, gas-poor magma producing steady lava flows.

9. Shield volcano: Mauna Loa; Stratovolcano: Mount Fuji; Cinder cone: Paricutin; Caldera:
Yellowstone.

10. Geysers (intermittent eruptions of hot water and steam), hot springs (heated
groundwater rising to the surface), fumaroles (openings emitting steam and gases). They
indicate geothermal activity and can be used for energy or tourism.

11. Horsts are raised crustal blocks, grabens are lowered blocks between faults, and thrust
faults push older rocks over younger ones.

-
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12. Seismic waves bend, tilt, and fracture the ground. P-waves compress, S-waves shear,
and surface waves cause the most visible deformation.

13. Tsunamis flood coastal areas, landslides destabilise slopes, and liquefaction
undermines foundations, all causing destruction.

14. Fold mountain: Himalayas; Block mountain: Sierra Nevada; Volcanic mountain: Mount
Fuiji.

Long-Answer Questions
15.

- Basic response: Volcanic eruptions create landforms such as shield volcanoes and
stratovolcanoes, and secondary features like geysers.

- Value-added response: They also enrich soils, provide geothermal energy, and influence
ecosystems, though they can cause hazards such as ash fallsiand lava flows.

16.

- Basic response: Earthquakes form landforms like fault scarps and rift valleys, and produce
hazards such as tsunamis and landslides.

- Value-added response: They also-reshape infrastructure, influence settlement patterns,
and highlight the need for hazard preparedness and resilient design.

17.

- Basic response:Mountain building involves folds (anticlines, synclines, nappes) and faults
(horsts, grabens, thrust faults), producing fold, block, and volcanic mountains.

- Value-added response: These structures influence water supply, agriculture, and
biodiversity, and provide resources such as minerals, while also posing hazards.

18.

- Basic response: Volcanism, earthquakes, and mountain building interact at plate
boundaries, shaping landscapes and ecosystems.

< Value-added response: Their combined impact influences climate, biodiversity, and
human society, requiring hazard management strategies such as monitoring, preparedness,
and sustainable land use planning.

Answers to Pilot Questions [Series 5]
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Part 5.1 Volcanic Landforms and Features
1. The composition of magma and the amount of dissolved gases.
2. Shield volcanoes, stratovolcanoes, cinder cones, and calderas.

3. A caldera is a large depression formed when a volcano collapses after a massive
eruption.

4. Geysers, hot springs, and fumaroles; they indicate geothermal activity and can be used
for energy or tourism.

5. Shield volcano.

Part 5.2 Earthquake Landforms and Effect

1. Fault scarps and rift valleys.

2. Primary waves (P-waves), secondary waves (S-waves), and.surface waves.

3. Primary waves (P-waves).

4. Liquefaction; it causes water-saturated soils to lose strength and behave like a liquid.

5. Tsunami, landslide, and liquefaction.

Part 5.3 Mountain Landforms and Structural Features

1. Anticlines are upward folds, synclines are downward folds, and nappes are large-scale
folds pushed horizontally.

2. Horsts are raised crustal blocks, grabens are lowered blocks, and thrust faults push older
rocks over younger ones.

3. Block mountains.

4. Fold mountain:'Himalayas; Block mountain: Sierra Nevada; Volcanic mountain: Mount
Fuji.

5. Because nappes involve large-scale horizontal displacement of rock layers over long
distances.

Part 5.4 Integrated Impact of Internal Processes

1. They are interconnected, often occurring together at plate boundaries, such as
subduction zones.

2. They create diverse landscapes, reshape terrain, and influence ecosystems.
3. They affect rainfall, temperature, and biodiversity.

-
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4. Hazard management; it involves monitoring, preparedness, and sustainable land use
planning.

5. Volcanic eruptions enrich soils but can also destroy settlements.

References and Attributions [Series 5]

General References

- Marshak, S. (2019). Essentials of Geology (6thied.). New York: W. W. Norton & Company.
- Klein, C., & Dutrow, B. (2007). Manualof Mineral Science (23rd ed.). Hoboken, NJ: Wiley.
- Course content adapted from GEY 101: Introduction to Geology (2 Units C: LH 15; PH 45).

- Supplementary explanations prepared in alignment with open educational resource (OER)
guidelines for independent learning.

Figures
- Figure 5.1 Types of volcanic eruptions

Attribution: Suggested OER search string “explosive vs effusive volcanic eruptions diagram
OER”.

Al-generated prompt: “Generate a labelled diagram comparing explosive and effusive
volcanic eruptions with magma composition and gas content.”

- Figure 5.2 Fault scarps and rift valleys

Attribution: Suggested OER search string “fault scarps rift valleys earthquake landforms
diagram OER”.

Al-generated prompt: “Generate a labelled diagram showing fault scarps and rift valleys
formed by crustal displacement.”

-
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- Figure 5.3 Types of seismic waves and ground deformation

Attribution: Suggested OER search string “seismic waves P S surface earthquake diagram
OER”.

Al-generated prompt: “Generate a labelled diagram showing P-waves, S-waves, and
surface waves with ground deformation effects.”

- Figure 5.4 Fold structures in mountain building

Attribution: Suggested OER search string “anticline syncline nappe fold structures diagram
OER”.

Al-generated prompt: “Generate a labelled diagram showing anticlines, synclines, and
nappes as fold structures.”

- Figure 5.5 Fault structures in mountain building

Attribution: Suggested OER search string “horst graben thrust fault structures diagram
OER”.

Al-generated prompt: “Generate a labelled diagram showing horsts, grabens, and thrust
faults as fault structures.”

- Figure 5.6 Interaction of internal Earth processes

Attribution: Suggested OER search string “interaction volcanism earthquakes mountain
building plate boundaries diagram OER”.

Al-generated prompt: “Generatea labelled diagram showing volcanism, earthquakes, and
mountain building occurring together at plate boundaries.”

Plates
- Plate 5.1 Secondary volcanic features

Attribution: Suggested OER search string “secondary volcanic features geysers hot springs
fumaroles OER”.

Al-generated prompt: “Generate an image showing labelled examples of geysers, hot
springs, and fumaroles.”

- Plate 5.2 Landscapes shaped by internal processes

-
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Attribution: Suggested OER search string “landscapes shaped by volcanism earthquakes
mountain building OER”.

Al-generated prompt: “Generate an image showing volcanoes, fault valleys, and mountain
ranges as examples of landscapes shaped by internal processes.”

Tables
- Table 5.1 Types of volcanic landforms

Attribution: Suggested OER search string “types of volcanic landforms shield stratovolcano
cinder cone caldera table OER”.

Al-generated prompt: “Generate a table showing types of volcanic landforms, their
features, and examples.”

- Table 5.2 Types of mountains

Attribution: Suggested OER search string“types of mountains fold block volcanic table
OER”.

Al-generated prompt: “Generate a table showing types of mountains (fold, block, volcanic)
with their features and examples.”

Boxes
- Box 5.1 Majorearthquake hazards

Attribution:' Suggested OER search string “earthquake hazards tsunamis landslides
liguefaction OER”.

Alsgenerated prompt: “Generate a text box summarising earthquake hazards including
tsunamis, landslides, and liquefaction.”

-Box 5.3 Human implications of internal Earth processes

Attribution: Suggested OER search string “human impacts volcanism earthquakes
mountain building hazard management OER”.

Al-generated prompt: “Generate a text box summarising the impacts of internal Earth
processes on human society and hazard management.”

-
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