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Series 1: Foundations and Scope of Geomorphology

Series Outline

1.1 Meaning and Scope of Geomorphology

o 1.1.1 Definition of geomorphology
o 1.1.2 Scope and relevance of geomorphology
o 1.1.3 Relationship with other branches of geography

1.2 Historical Development of Geomorphology

. 1.2.1 Early approaches to landform study
o 1.2.2 Modern perspectives and scientific methods
. 1.2.3 Contributions of geomorphology to environmental studies

1.3 Fundamental Concepts in Geomorphology

o 1.3.1 Landforms and their classification
. 1.3.2 Processes shaping the Earth’s surface
o 1.3.3 Interaction of physical and human factors

1.4 Importance of Geomorphology to Society

. 1.4.1 Role in resource management

o 1.4.2 Influence on settlement and development

o 1.4.3 Applications in hazard assessment and planning
Introduction

Landscapes surround us every day, from rolling hills and valleys to rugged mountains and
plains. Yet, many of us rarely pause to consider how these landforms came to be, why they
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differ across regions, or what they mean for human activity. Geomorphology, the scientific
study of landforms and the processes that shape them, provides the key to unlocking
these questions. By beginning with the foundations and scope of geomorphology, you will
gain the essential background needed to appreciate the rest of this course and to connect
the physical environment with human development.

The aim of this Series is to introduce you to the meaning, scope, and relevance of
geomorphology, while equipping you with the ability to explain its fundamental concepts
and importance to society.

We shall commence this Series by examining the meaning and scope of geomorphology,
clarifying its definition and its links with other branches of geography.Then, we will explore
the historical development of geomorphology, tracing early approaches and modern
perspectives. Following that, we will move on to fundamental concepts such/as landforms,
classification, and the processes that shape the Earth’s surface. Finally, we will wrap up by
considering the importance of geomorphology to society,including its role in resource
management, settlement, and hazard assessment.

Series Learning Outcomes

Upon completing this Series, you should be able to:

e SLO 1.1 define the meaning of geomorphology and explain its scope within the
discipline of geography,

e SLO 1.2 analyse the'historical development of geomorphology by identifying key
approaches and modern perspectives,

e SLO 1.3 classify major types of landforms and explain the fundamental processes
that shape the Earth’s surface,

e SLO 1.4 evaluate the importance of geomorphology to society by discussing its role
in resource management, settlement, and hazard assessment.

1.1 Meaning and Scope of Geomorphology

1.1.1 Definition of geomorphology

The term geomorphology refers to the scientific study of landforms, their origin, evolution,
and the processes that shape them. It combines the Greek words geo meaning Earth and
morph meaning form, with logy meaning study. Geomorphology therefore focuses on the
forms of the Earth’s surface and the dynamics that create and modify them.
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Figure 1.1: Examples of landforms studied in geomorphology

Fillin the blank: Geomorphology is the scientific study of , their origin, and the
processes that shape them.

1.1.2 Scope and relevance of geomorphology

The scope of geomorphology is broad, covering the description, classification, and
explanation of landforms.dt examines both large-scale features such as mountain ranges
and small-scale features/such asriver terraces. The relevance of geomorphology lies in its
ability to explain whylandscapes differ across regions and how these differences influence
human activity.

Geomorphology also contributes to applied fields such as environmental management,

urban planning, and hazard mitigation. For example, understanding slope processes helps
in designing safe settlements, while knowledge of river systems aids in flood control.
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Box 1.1: Applications of geomorphology in everyday life

Fillin the blank: The scope of geomorphology includes the description, , and
explanation of landforms.

1.1.3 Relationship with other branches of geography

Geomorphology is closely linked with other branches of geography. It overlaps with
physical geography, which studies natural processes and features, and with human
geography, which examines.how people interact with their environment. It also connects
with disciplines such as geology, hydrology, and climatology, since landforms are shaped
by rock structures, watermovement, and climate conditions.

This interdisciplinary nature makes geomorphology a central pillar of geographical studies.
By integrating knowledge from related fields, geomorphologists can provide
comprehensive explanations of landscape development.

)
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RELATED DISCIPLINE 3 LINKS WITH GEOMOPHOLOPHY
I
PHYSICAL GEOGRAPHY Stucties Earth’s surface processes and landforms,
including their distribution and evolution.
Geomorpholioy is a core compaonent, amponent, analyzing
how forces thatces Nike water, wind, and iceo shape the
landssape.

HUMAN GEOGRAPHY Investigates the relationship betwen people and their environment. \
Geomrpholoy informs natural hazards (floodds, landsikes), land-
use the the impact of hupact of huaman activites on
Landforms,

GEOLOGY Provides the rock types, gological structures, and tectotic
history thatrm the foundatioshic processes act. forn the
Understandrg gological teccicles Is cruckal for val for inteperting
landform development.

CLIMATLOGY Studies on-loong weather patterns s, and cimate systems. Chmate
Fluvial geommpbomphollioy studies how rivensty cand streams,
strans erodes erode, weathering, erosiomt. and deposit sedient,
directly Nnking to water flow formation, shapig arid, glacical,
temperate and tropical landforms

Table 1.1: Relationship of geomc’hol ith Nbranches of geography

\Nal geography, human geography, and
cli olo

tific study of landforms, their origin, and the

Fillin the blank: Geomorphology o
other sciences such as

Pilot questions 1.1

R
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1.2 Historical Development of Geomorphology

1.2.1 Early approaches to landform study

The study of landforms has a long history, beginning with early observations made by
philosophers and explorers. In its earliest stage, geomorphology was descriptive, focusing
on recording the shapes and appearances of landscapes without much emphasis on
processes. Ancient scholars often linked landforms to myths or divine forces,.while later
naturalists began to recognise the role of natural processes such as rivers; wind, and
glaciers.

The descriptive tradition laid the foundation for systematic observation, which remains
important today. By carefully noting landform features, early geomorphologists provided
valuable records that modern scientists can analyse further.

Fillin the blank: Early geomorphology was largely , focusing onrecording shapes
and appearances of landscapes.

1.2.2 Modern perspectives and scientific methods

Modern geomorphology shifted from description to explanation, emphasising the
processes that create and modify landforms. The introduction of scientific methods such
as field surveys, laboratory experiments; and remote sensing allowed geomorphologists to
analyse landscapes more accurately.

One key development was the recognition of geomorphic processes, defined as the
natural mechanisms such as erosion, weathering, and deposition that shape the Earth’s
surface. These processes operate over different timescales, from sudden events like
landslides to gradual changes like soil formation.

-
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Figure 1.2: Key geomorphic processes shaping landforms

Fillin the blank: Modern geomorphology emphasises the role of processes such
as erosion and deposition.

1.2.3 Contributions of geomorphology to environmental studies

Geomorphology contributes significantly to environmental studies by explaining how
landscapes evolve and how human activities interact with them. For example, knowledge
of river systems helps in flood management, while understanding coastal processes aids
in protecting shorelines.

Geomorphology also supports sustainable development by guiding land use planning and
resource management. By predicting areas prone to hazards such as landslides or erosion,
geomorphologists help communities prepare and adapt.
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GEOMORGHOLIHY’S ROLE IN

ENVIROMENTAL MANAGEMENT
Key Applications

1. FLOOD MANAGEMENT:
Analyzing river channel moroplogy, floobplian dynamics, and
sediment transport to design effective flod control measures and
predict inunation areas

2. COASTAL PROTECTION:
Studing coastal erostion, sedient budgets, and sea-level
rise inpacts to develop strategies for dune s for beach
nouribatior bech resilhent and resilient
infrastructure

3. HAZARD PREDICTION:
Assessing landslide susectibiite, seimic activity effects on
landscapes, and vololanic porecast potential natural hazards to
inform land-use planning

Source: OER Envirormental Studies Case Examples.

Al prompt suggestion: “Create a text box summarising geomorphology’s role in flood

Fillin the blank: Geomorphology supports sustainable development by guiding
use planning and resource management.

Pilot questions 1.2

1. Early geomorphology was mainly descriptive, focusing on recording of
landscapes.

2. Which scientific methods are used in modern geomorphology to analyse

landscapes more accurately?

Name one geomarphic process that operates over long timescales.

How does geomorphology contribute to flood management?

5. Fillintheblank: By predicting areas prone to hazards, geomorphologists help
communities and adapt.

o

1.3 Fundamental Concepts in Geomorphology

1.3.1 Landforms and their classification

A landform is a natural feature of the Earth’s surface, shaped by physical processes such
as erosion, deposition, and tectonic activity. Landforms can be classified into major

-
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groups including mountains, valleys, plains, plateaus, and coastal features. Each type
reflects the processes that created it and the materials involved.

Classification helps geomorphologists organise knowledge and compare landscapes
across regions. For example, mountains are typically associated with tectonic uplift, while
plains often result from long-term deposition.

LANDFORM CLASSIFICATION
MAJOR LANDFORM TYPES

i

MOUNTAINS

High elevation, steep slopes

N » Large, flat, low-lying areas
(e.g, Himalaies)

(ea. Grand Canyon)

<

Low area between hills,
often with a river
/ (ea. Grand Canyon) \
l COASTAUS

At E
Large, flat, low-lying areas < -
(ea. Great Plains) s OO LA =L RSN |

Formed by intarction of land

Raised, flat-torped areas & sea (ea. Clifs of Dover
(ea. Tibetan Platou)

Source: Open Educational Resoirce | For educational use

Figure 1.3: Classification of major landforms

Fillin the blank: Allandform is a natural feature of the Earth’s surface shaped by
processes.

1.3.2 Processes shaping the Earth’s surface

The Earth’s surface is constantly modified by geomorphic processes, which are natural
mechanisms that create, alter, or destroy landforms. These include:

¢ Weathering, the breakdown of rocks at or near the surface.

e« Erosion, the removal and transport of materials by agents such as water, wind, and
ice.

 Deposition, the accumulation of sediments in new locations.
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¢ Tectonic activity, movements within the Earth’s crust that uplift or deform
landforms.

These processes interact over time, producing landscapes that are dynamic rather than
static.

GEOMORUPHIC PROCESSES

A THECTONK: ACTIVITY!
CHURTALRFONT
Morarrwerd, mousdine Dudding

SR R rANTER LA P TEE S TuUANIIE AL

Figure 1.4: Geomorphic processes shaping the Earth’s surface

Fill in the blank: The accumulation of sediments in new locations is known as
1.3.3 Interaction of physical'and human factors

Landforms are shaped not only by natural processes but also by human activities. For
example, deforestation accelerates erosion, while urbanisation alters drainage patterns.
Humaniinterventions can therefore intensify or modify geomorphic processes.

The interaction between physical and human factors highlights the importance of
geomorphology in planning and development. By recognising how human actions
influence landscapes, societies can design strategies that minimise negative impacts and
promote sustainability.

-
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HUMAN INFLUENCE ON
GEOMORPHIC PROCESSES

Key Examples from Environmental Studies

1. DEFORESTATION:

INncreases soil erosion, alters river river sedient dynamics
loads, and can trigger landsiner landsises due amsloet du
vegigation cover.

2. MNING:
Causes massive erostion, seimic budgets, ground instability, and
sediment pollution from exposed materials.

3. URBANISATION:
Leads increased runfoff runuf and flooding flooding, modifies
dratilmnage networks, and compact soil, affering ground
grour-use systems

Source: OER Envirommental Studies Case Examples.

Box 1.3: Examples of human influence on geomorphic processes

Fillin the blank: Human activities such as deforestation and urbanisation can intensify or
modify processes.

Pilot questions 1.3

1. What term refers to the natural feature of the Earth’s surface shaped by physical
processes?

2. Name.one geomorphic process that breaks down rocks at or near the surface.

3. Which geomorphic process involves the removal and transport of materials by

agents such as water and wind?

Give one example of how human activity influences geomorphic processes.

Fillin'the blank: Urbanisation alters patterns, thereby affecting

geomorphic processes.

&
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1.4 Importance of Geomorphology to Society

1.4.1 Role in resource management

Geomorphology contributes directly to resource management, which is the careful use
and conservation of natural resources such as water, soil, and minerals. By studying
landforms and the processes that shape them, geomorphologists can identify areas rich in
resources and recommend sustainable ways of using them. For instance, knowledge of
river basins assists in water supply planning, while understanding soil types guides
agricultural practices.

GEOMORGOLOPHY’S ROLE IN
RESOURCE MANAGEMENT

GEOMOHOLY: SHAPING SUSTAINABLE

RESOURCE USE

WATER RESOURCES MINERAL RESOURCES

SOIL RESOURCES

Erosion & Sedientation Control: River Basin Management: Mineral Exploration: Locating

Analysing landform stability to Studing river channels & decating deposits based geological
prevent soil loss flcodplains to manage water flow. structures

Landlside Hazard Mappi Evaluating: Evalutating geolorgical Quarry & Mine Planning:
Identiifing high-risk ares ar safe land use. stability for infaastucture Assesing landsape impat-stability
Soil Fertility & Diseratidn how Gramdwaard Rechring: permmable Desiging landform restoraion to
lanfanttams influence soil type landforms for water storage. mtortion to mitigate environmental
formation damage

Y G

Integrated Land Use Planning

Rt

Source: Open Educational Resource | For educational use

Figure 1.5: Geomorphology and resource management

Fill in the blank: Geomorphology helps identify areas rich in resources and suggests
ways of using them.
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1.4.2 Influence on settlement and development

Landforms strongly influence settlement patterns and development. Fertile plains
encourage agriculture and population growth, while mountainous regions may limit
accessibility but provide natural protection. Coastal areas often attract trade and urban
expansion, yet they also pose risks such as flooding and erosion.

By analysing landforms, geomorphologists provide insights that guide settlement planning

and infrastructure development. This ensures that communities are located in areas that
balance opportunities with safety.

LANDFORMS AND SETTLEMENT PATTERNS

PLAINS: DENSE,
PLANNED SETTLIEMENTS
SETTLEMENTS
(Agricutture, Incunstry)
.

VALLEY MOUNT AReS:
. ™ o
e AT . SoAtTS: UmeAN.
(Mining. Towtam) SETTLEMENTS

(Tende. Fiaheng, Toursam)

O GREOMAOs C PROCE SA8 S DuAlMAM
Plate 1.1: Settlement patterns shaped by landforms

Fillin the blank: Fertile plains encourage agriculture and , while mountainous
regions may limit accessibility.

1.4.3 Applications in hazard assessment and planning

Geomorphology is essential in hazard assessment, which involves identifying areas prone
to natural risks such as landslides, floods, or coastal erosion. By studying landforms and
processes, geomorphologists can predict where hazards are likely to occur and
recommend measures to reduce theirimpact.

-
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This knowledge supports disaster risk reduction and planning. For example, mapping
floodplains helps communities avoid building in vulnerable areas, while slope analysis can
prevent construction on unstable ground.

GEOMORIHOLPHY IN HAZARD ASSEISMENT

Key Examples from Environmental Studies

1. FLOODS:

= Analyzing river channel moropology, flaochplian dynamics
and sedment transport to design effective flood control
mestrol mesures and predict imunation areas

2. LANDSLIDES:

Assessing slope stability, identifing suscectible areas, and
forecating potential lansdlial landside

occurances based geological and hydorogial acloigily
factors

3. COASTAL EROSION:

Studing coastal processes, sedient buggets, and sea-level rise
impacts to develop strategies for dune nourishent, beach resilience
and infrastucture protection

Box 1.4: Examples of geomorphology in hazard assessment

Fillin the blank: Mapping floodplains helps communities avoid building in areas.
Pilot questions 1.4

1. Whichtermrefers to the careful use and conservation of natural resources such as

water and soil?

How do fertile plains influence settlement and development?

Give one example of how geomorphology contributes to hazard assessment.

4. Fillinthe blank: Coastal areas often attract trade and urban growth, yet they also
pose risks such as

5. Whyiis slope analysis important in construction planning?

w N

Series Summary

This Series was designed to introduce you to the foundations and scope of geomorphology,
setting the stage for your study of landforms and their significance. We began by defining

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



geomorphology and clarifying its scope, then traced its historical development from early
descriptive approaches to modern scientific methods. Following that, we explored
fundamental concepts such as the classification of landforms, the processes that shape
the Earth’s surface, and the interaction between physical and human factors. Finally, we
examined the importance of geomorphology to society, highlighting its role in resource
management, settlement planning, and hazard assessment.

By completing this Series, you should now be able to define geomorphology and explain its
scope (SLO 1.1), analyse its historical development (SLO 1.2), classify landforms and
explain the processes that shape them (SLO 1.3), and evaluate its importance to societyin
practical contexts (SLO 1.4). These outcomes provide you with a strong foundation for the
subsequent Series, where you will build on this knowledge by studying rock types;relief
forms, and soil geography in greater detail.

Glossary of Terms

o Deposition: The process by which sediments are laid down or accumulated in new
locations, often forming features such as deltas or floodplains.

o Erosion: The removal and transport of soil, rock, or sediment by agents such as
water, wind, orice.

¢ Geomorphic processes: Natural mechanisms, including weathering, erosion,
deposition, and tectonic activity, that shape and modify the Earth’s surface.

e Geomorphology: The scientific study of landforms, their origin, evolution, and the
processes that create and alter them.

e Hazard assessment: The identification and evaluation of areas prone to natural
risks such as floods, landslides, or coastal erosion.

« Landform:/A natural feature of the Earth’s surface, such as mountains, valleys,
plains, plateaus, or coastal features, shaped by physical processes.

 Resource management: The careful use and conservation of natural resources like
water, soil, and minerals to ensure sustainability.

e Scope of geomorphology: The range of activities within geomorphology, including
the description, classification, and explanation of landforms.

o Settlement patterns: The arrangement and distribution of human habitation
influenced by landforms, resources, and environmental conditions.

¢ Tectonic activity: Movements within the Earth’s crust, such as uplift or faulting,
that create or modify landforms.

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

rp
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Concept Check Questions

Objective questions

1. Geomorphology is the scientific study of (Linked to SLO 1.1).

2. Which geomorphic process involves the breakdown of rocks at or near the Earth’s
surface? (Linked to SLO 1.3).

3. Which of the following is NOT a geomorphic process: erosion, deposition, tectonic
activity, or photosynthesis? (Linked to SLO 1.3).

4. Which branch of geography focuses on natural processes and features, closely
linked with geomorphology? (Linked to SLO 1.1).

5. Fertile plains encourage agriculture and settlement, while mountainous regions
may limit (Linked to SLO 1.4).

Short-answer questions

6. Define geomorphology and explain its scope (Linked to SLO 1.1).

7. ldentify one way in which early geomorphology differed from modern geomorphology
(Linked to SLO 1.2).

8. Give one example of how human activity influences geomorphic processes (Linked to
SLO 1.3).

9. Explain how geomorphology contributes to hazard assessment and planning (Linked to
SLO 1.4).

10. State one reason why geomorphology is important in resource management (Linked to
SLO 1.4).

Long-answer questions

11. Analyse the historical development of geomorphology, highlighting the transition from
descriptive approaches to modern'scientific methods (Linked to SLO 1.2).

12. Evaluate the importance of geomorphology to society, with reference to resource
management, settlement, and hazard assessment (Linked to SLO 1.4).

Answers to Concept Check Questions
Objective questions

Landforms and the processes that shape them.
Weathering.

Photosynthesis.

Physical geography.

Accessibility.

M S &

Short-answer questions
6. Geomorphology is the scientific study of landforms, their origin, and the processes that
shape them. Its scope includes description, classification, and explanation of landforms.
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7. Early geomorphology was descriptive, focusing on recording shapes and appearances,
while modern geomorphology uses scientific methods to explain processes.

8. Deforestation accelerates erosion, while urbanisation alters drainage patterns.

9. Geomorphology identifies areas prone to hazards such as floods or landslides and
provides measures to reduce risks.

10. It helps identify areas rich in resources and suggests sustainable ways of using them.

Long-answer questions

11. Basic response: Geomorphology began as a descriptive discipline, recording landform
shapes and appearances. Over time, it evolved into a scientific field that explains
processes using methods such as field surveys, experiments, and remote sensing.
Value-added response: Outstanding learners may add that modern/geomorphology
integrates interdisciplinary knowledge from geology, hydrology, and'climatology, and
applies advanced technologies such as GIS and satellite imagery to analyselandscapes
more comprehensively.

1. Basic response: Geomorphology is important to society because it supports
resource management, influences settlement patterns, and aids hazard
assessment.

Value-added response: Outstanding learners may expand by discussing how
geomorphology contributes to sustainable development, disaster risk reduction,
and environmental planning, ensuring that human activities align with natural
processes for long-term resilience.

Answers to Pilot Questions
Answers to Pilot questions 1.1

Geomorphology.

Classification.

Physical geography.

By providing knowledge of slope processes that guide safe settlement design.
Geology.

g 0 N =

Answers to Pilot questions 1.2

Shapes and appearances.

Field surveys, laboratory experiments, and remote sensing.

Soil formation.

By explaining river systems and supporting flood management strategies.
Prepare.

a b~ o NG
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Answers to Pilot questions 1.3

Landform.

Weathering.

Erosion.

Deforestation accelerates erosion.
Drainage.

arobd=

Answers to Pilot questions 1.4

Resource management.

They encourage agriculture and population growth.

By predicting areas prone to hazards such as floods or landslides.
Flooding.

To prevent construction on unstable ground.

aron=

General References

o Ritter, D. F., Kochel, R. C., & Miller, J. R. (2011). Process geomorphology (5th ed.).
Long Grove, IL: Waveland Press.

o Summerfield, M. A. (1991). Global geomorphology: An introduction to the study of
landforms. Harlow: Longman Scientific & Technical.

e Huggett, R. J. (2017). Fundamentals of geomorphology (4th ed.). Abingdon:
Routledge.

Illustration Attributions

e Figure 1.1: Examples of landforms studied in geomorphology
Al-generated prompt: “Generate a labelled diagram of major landforms such as
mountains, valleys, plains, and plateaus.”

Suggested OER search string: “OER geomorphology landform diagram.”

e Box1.1:Applications of geomorphology in everyday life
Al-generated prompt: “Create a text box summarising practical applications of
geomorphology in society.”

Suggested OER search string: “OER geomorphology applications case study.”

e Table 1.1: Relationship of geomorphology with other branches of geography
Al-generated prompt: “Generate a table showing geomorphology’s links with
physical geography, human geography, geology, hydrology, and climatology.”
Suggested OER search string: “OER geomorphology interdisciplinary table.”

o Figure 1.2: Key geomorphic processes shaping landforms
Al-generated prompt: “Generate a labelled diagram illustrating erosion, weathering,
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and deposition as geomorphic processes.”
Suggested OER search string: “OER geomorphic processes diagram.”

e Box 1.2: Contributions of geomorphology to environmental studies
Al-generated prompt: “Create a text box summarising geomorphology’s role in flood
management, coastal protection, and hazard prediction.”
Suggested OER search string: “OER geomorphology environmental studies case
examples.”

e Figure 1.3: Classification of major landforms
Al-generated prompt: “Generate a labelled diagram showing classification of
landforms: mountains, valleys, plains, plateaus, coastal features.”
Suggested OER search string: “OER geomorphology landform classification
diagram.”

o Figure 1.4: Geomorphic processes shaping the Earth’s surface
Al-generated prompt: “Generate a labelled diagram illustrating weathering, erosion,
deposition, and tectonic activity as geomorphic processes.”
Suggested OER search string: “OER geomorphic processes diagram.”

e Box 1.3: Examples of human influence on geomorphic processes
Al-generated prompt: “Create a text box summarising examples of human influence
on geomorphic processes, such as deforestation, mining, and urbanisation.”
Suggested OER search string: “OER geomorphology human impact examples.”

o Figure 1.5: Geomorphology and resource management
Al-generated prompt: “Generate a diagram showing geomorphology’s role in
managing water, soil, and mineral resources.”
Suggested OER search string: “OER geomorphology resource management
diagram.”

e Plate 1.1: Settlement patterns shaped by landforms
Al-generated prompt: “Generate an image showing how plains, mountains, and
coasts influence settlement patterns.”
Suggested OER search string: “OER geomorphology settlement development
image.”

e Box 1/4: Examples of geomorphology in hazard assessment
Al-generated prompt: “Create a text box summarising examples of geomorphology
in‘hazard assessment: floods, landslides, coastal erosion.”
Suggested OER search string: “OER geomorphology hazard assessment examples.”

-

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



Course code: GEO 201
Course title: Introductory Geomorphology and Soil Geography
Course credit load: 2 Units

Series 2: Rock Types: Origins and Characteristics

2.1 Meaning and Classification of Rocks

e 2.1.1 Definition of rocks
e 2.1.2 Majorrock groups
e 2.1.3 Basis of classification

2.2 Igneous Rocks: Origin and Characteristics

e 2.2.1 Formation processes
o 2.2.2Types ofigneous rocks
e 2.2.3 Properties and examples

2.3 Sedimentary Rocks: Origin and Characteristics

e 2.3.1 Formation processes
e 2.3.2Types of sedimentary rocks
e 2.3.3 Properties and examples

2.4 Metamorphic Rocks: Origin and Characteristics

e 2.4.1 Formation processes
e 2.4.2 Types of metamorphic rocks
e 2.4.3 Properties and examples

Introduction

Rocks form the very foundation of the Earth’s crust, shaping landscapes and influencing
soil formation, resource distribution, and human activity. By studying their origins and
characteristics, geomorphologists gain insight into the processes that build and transform
the planet. This Series focuses on the meaning and classification of rocks, and then
examines the three major groups: igneous, sedimentary, and metamorphic.

The aim of this Series is to equip you with the ability to define, classify, and explain the
origins and properties of different rock types, preparing you to connect them with landform
development and soil geography.
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We shall commence this Series by clarifying the meaning and classification of rocks. Next,
we will explore igneous rocks, their formation, and properties. Following that, we will move
on to sedimentary rocks, considering their types and examples. Finally, we will conclude
with metamorphic rocks, examining how they form and their distinctive characteristics.

Series Learning Outcomes

Upon completing this Series, you should be able to:

e SLO 2.1 define rocks and classify them into major groups,

e SLO 2.2 explain the origin and characteristics of igneous rocks,

e SLO 2.3 describe the formation and properties of sedimentary rocks;
e SLO 2.4 analyse the processes and features of metamorphic rocks.

2.1 Meaning and Classification of Rocks

2.1.1 Definition of rocks

Arock s a naturally occurring solid material composed of one or more minerals. Rocks
form the building blocks of the Earth’s crust and vary widely in composition, texture, and
origin.

-
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Figure 2.1: The rock cycle illustrating relationships between igneous, sedimentary, and
metamorphic rocks

2.1.2 Major rock groups

Rocks are classified into three major groups: igneous, sedimentary, and metamorphic.
Each group reflects a distinct origin and set of processes. Igneous rocks form from cooled
magma, sedimentary rocks from compacted sediments, and metamorphic rocks from
transformation under heat and pressure.

Fillin the blank: Sedimentary rocks form from compacted
2.1.3 Basis of classification

Classification is based on origin, mineral composition, and texture. For example, igneous
rocks may be intrusive or extrusive depending on where they solidify, while sedimentary
rocks may be clastic or chemical depending on how they form.

-
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ROCK CLASSIFICATION TABLE (OER)

BASED ON ORIGIN, COMPOSITION, AND TEXTURE

ORIGIN COMPOSITION TEXTURE
Felsic Mafic Intrusive (coarse-grained,
(Felsic (light-colored, rich in Si, (dark-colored, rich in FAI, e.f.e.. Grained or glassy, e...
Fe, Mg, Ca) e... Basalt, Rhyolte, Obsidian
Obsidian
SEDEMITARY Extrusve fine-grired, Clastic
e.... Sandstone, Shale (fragnatal, cemeted Halite,
grains
Clastical Clastic (rock fragments, e... Clastic (fragmental,
e. Sandstone, Shale minerals, e.... Limestone, crystals, Quartzite)
Halite
Chemical Organic Bioclasic (introcking cystals)
(precirals aligned minerals, (remains of living orgaiing
Lfress et. Coal, Chalk orgasims, e.of organic
fragments
Non-Foliited aligned in layers, Foliated Non-Folited
(minerals randomly orinented, (minerals layolk, Marble, granular, massive
massive

cc[By-saj
Table 2.1: Basis of rock classification

Fillin the blank: Igneous rocks that solidify beneath the surface are called rocks.
Pilot questions 2.1

1. Whatisarock composed of?

2. Name the three major rock groups.

3. Which type of rock forms from cooled magma?

4./ Fillin the blank: Sedimentary rocks may be or chemical depending on their

formation.
5. What is the basis of rock classification
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2.2 Igneous Rocks: Origin and Characteristics

2.2.1 Formation processes

Igneous rocks are formed from the cooling and solidification of molten material known as
magma (beneath the Earth’s surface) or lava (on the surface). When magma cools slowly
underground, it produces coarse-grained rocks called intrusive igneous rocks. When lava
cools quickly at the surface, it produces fine-grained rocks called extrusive igneous
rocks.

This distinction between intrusive and extrusive rocks is important because it determines

the texture and appearance of the rock. Granite, for example, is intrusive and has large
crystals, while basalt is extrusive and has much smaller crystals.

METAMEPHIC ROCK FORMATION

CONTINENTAL TECTONIC CONTINENTAL
CRUST PRESSURE CRUST
MAGMA \ /
CHAMBRER

TECTACT
PRESSULE

SLATE

COUNTRY ROCK

CONTACT REGIONAL
METAMOPHISM METAMOPHSM
(heat from magna) (pressure & heat

over large area)
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Figure 2.2: Formation of intrusive and extrusive igneous rocks

Fill in the blank: Igneous rocks formed from slow cooling beneath the Earth’s surface are
called rocks.
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2.2.2 Types of igheous rocks
Igneous rocks are classified into two main types:

e Intrusive (plutonic): Formed when magma cools slowly beneath the surface,
producing large crystals. Examples include granite and diorite.

e Extrusive (volcanic): Formed when lava cools quickly on the surface, producing
small crystals. Examples include basalt and pumice.

The mineral composition also varies, with felsic rocks rich in silica and light-coloured
minerals, while mafic rocks contain more iron and magnesium, givingthem darker colours.

Igneous rocks are defined by where they cool and solidify. The primary distinction
between intrusive and extrusive rocks is their "environment of formation," which
directly dictates their texture and crystal size.

Comparison of Igneous Rock Types

Feature Intrusive (Plutonic) Extrusive (Volcanic)
Formation Deep beneath the Earth's On or near the Earth's
Location surface. surface.

Magma Formed from magma (molten Formed from lava (molten

Source rock underground). rock above ground).

Cooling Rate Slow (ms_ulated by Rapid (exposed to air or
surrounding rock). water).

Crystal Size Lar_ge, visible crystals (coarse- Smfall or no crystals (fine-
grained). grained/glassy).

Texture Phanerlltllc (coarse) or Aphanltlc (fine), Glassy, or
Pegmatitic. Vesicular.

Common Granite, Gabbro, Diorite, Basalt, Rhyolite, Andesite,

Examples Peridotite. Obsidian, Pumice.

Key Characteristics & Examples
1.dntrusive (Plutonic) Rocks

These rocks form when magma is trapped in deep pockets. Because they are insulated
by the crust, they cool over thousands to millions of years, allowing minerals to grow
into large, interlocking crystals.

« Granite: The most common intrusive rock; light-colored (felsic) and often used in
countertops.

-
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e Gabbro: A dark-colored (mafic) rock, chemically equivalent to basalt but with
much larger crystals.
« Diorite: Often called "salt and pepper" rock due to its mix of light and dark
minerals.
2. Extrusive (Volcanic) Rocks

These rocks form from lava during volcanic eruptions. The rapid temperature drop
prevents large crystals from forming.

« Basalt: The most common extrusive rock; it makes up the majority of the ocean
floor.

e Obsidian: A "volcanic glass" that cools so instantly that no crystals form at all.

« Pumice: A frothy, light rock filled with vesicles (holes) from@as bubbles trapped
during an explosive eruption.

Classification by Composition

Geologists often pair these rocks by their chemistry. An intrusive rock and an extrusive
rock can have the exact same mineral makeup but look completely different due to their
cooling history:

Composition Intrusive (Coarse) |. Extrusive (Fine)
Felsic (High Silica) Granite Rhyolite

Intermediate Diorite Andesite
Mafic (Low Silica) Gabbro Basalt

Table 2.2: Types of.igneous rocks and examples

Fillin the blank: Basalt is an example of an igneous rock.

2.2.3 Properties and examples

Igneous rocks are generally hard, dense, and resistant to weathering. Their properties
make them useful for construction and decorative purposes. Granite, for instance, is
widely used in building and monuments, while basalt is used in road construction.

The crystalline texture of igneous rocks reflects their cooling history. Coarse-grained
textures indicate slow cooling, while fine-grained textures indicate rapid cooling.

-
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Plate 2.1: Examples of igneous rocks (granite and basalt)

Fillin the blank: Granite is widely used in and monuments.due to its durability.
Pilot questions 2.2

What molten material forms igneous rocks when cooled?

Which type of igheous rock forms beneath the Earth’s surface?

Give one example of an extrusive igneous rock.

Fillin the blank: Felsic igneous rocks arerich in and light-coloured
minerals.

5. Why are igneous rocks commonly used in construction?

o=

2.3 Sedimentary Rocks: Origin and Characteristics

2.3.1 Formation processes

Sedimentary rocks are formed from the accumulation and compaction of sediments.
These sediments may include fragments of other rocks, minerals, or organic material. Over
time, layers of sediments are deposited, compressed, and cemented together, creating
solid rock.

The processes involved include weathering (breaking down of rocks), erosion (transport of
materials), deposition (settling of sediments), and lithification (compaction and
cementation). These processes often occur in environments such as rivers, lakes, deserts,
and oceans.
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Figure 2.3: Formation of sedimentary rocks

hat turns ments into

®

Fillin the blank: The process of compaction and cementati
rock is called

S

2.3.2 Types of sedimentary ro
Sedimentary rocks are classified into th ai es:
e Clastic: Formed from fra otherrocks, e.g., sandstone and shale.

e Chemical: Formed from of minerals from solution, e.g., limestone.
e Organic: Formed fro ation of plant or animal remains, e.g., coal.

Each type reflec t of deposition and the materials involved.
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SEDMENTARY ROCK TYPES (OER)

Based On Origin

TYPE

DESCRIPTION

EXAMPLES

Formed from
e. Sandestone, Shale

Formed from fragments
pre-pexising rclats) that
transported, and deposited
cemenet together.

Congongrerate (rounded clasts)
Breccia (angrared (sansune)
Siltstone, Shale (clay-sclay)

Clastic
e. Sandstone, Shale

Extrusve
fragments, e...
Limestone, Shale

Condonhente (Brecci),
Breccio (sand-sized grains)
Mud/(clay-sized particles)

Chemical

Formed from the precipiation
minerals from water, change du
water chemsitry.

Forned from
precipiption fon minerals
solutions, changes of de
evparaistry.

Rock Salt (Halite)
Limestone (e.ip. Oolitic Limestonge
Travarrine)

Chemical Rock Salt (Halite) Chert (Silica)
(remains of living orgafims Rock Gypssm Silica)

(plant and animal matter)

Organic Coal Chalk

recmunins of organic reaimal
matter)

Fossilpacted plant material
(shells/skestors)
organisms

Fossilfiosious Limestone
marine organsims

co[EvEA]

Table 2.3: Typesof sedimentary rocks and examples

Fillin the blank: Coal is an example of an sedimentary rock.

2.3.3 Properties and examples

Sedimentary rocks are usually softer than igneous or metamorphic rocks and often contain
fossils. Theirlayered structure, known as stratification, provides evidence of past
environments.

Examplesinclude sandstone, which is porous and often used in construction, and
limestone, which is widely used in cement production. Fossil-bearing rocks are especially

important for understanding Earth’s history and evolution of life.

Fillin the blank: The layered structure of sedimentary rocks is known as

-
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Pilot questions 2.3

What processes lead to the formation of sedimentary rocks?

Name the three main types of sedimentary rocks.

Give one example of a clastic sedimentary rock.

Fillin the blank: Limestone is an example of a sedimentary rock.
Why are sedimentary rocks important for understanding Earth’s history?

arobd=

2.4 Metamorphic Rocks: Origin and Characteristics
2.4.1 Formation processes

Metamorphic rocks are formed when existing igheous orsedimentary rocks are subjected
to intense heat, pressure, or chemical processes, causing them to change in structure and
composition. This transformation, known as metamorphism, does not melt the rock but
alters its mineral arrangement and texture.

There are two main types of metamorphism:

e Contact metamorphism, which occurs when rocks are heated by nearby magma.

e Regional metamorphism, which occurs over large areas due to tectonic forces and
deep burial.

-
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METAMEPHIC ROCK FORMATION

(OER)
CONTINENTAL TECTONIC CONTINENTAL
CRUST PRESSURE CRUST
MAGMA \ /
CHAMEBRER

TECTACT
PRESSULE

SLATE

COUNTRY ROCK

CONTACT REGIONAL
METAMOPHISM METAMOPHSM
(heat from magna) (pressure & heat

over large area)
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Figure 2.4: Formation processes of metamorphic rocks

Fillin the blank: The transformation of rocks under heat and pressure without melting is
called

2.4.2 Types of metamorphic rocks
Metamorphic rocks are classified into two main types based on texture:

o Foliated metamorphic rocks: These have a layered or banded appearance due to
the alignment.of minerals under pressure. Examples include slate, schist, and
gneiss.

¢ Non-foliated metamorphic rocks: These do not show banding and are usually
formed under uniform pressure. Examples include marble and quartzite.

Rock Parent Rock ..
Texture Name (Protolith) Key Characteristics
Foliated Slate Shale/ Very fine-grained; splits into flat, thin
Mudstone sheets.
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Rock Parent Rock

Texture Name (Protolith) Key Characteristics
Foliated Schist Shale / Granitic S.cgly appearance; often contains
rocks visible micas or garnets.

High-grade metamorphism; distinct

Foliated Gneiss Granite / Shale light and dark bands.

Non- . Extremely hard; grains are
Foliated Quartzite Sandstone interlocked and fused.

Non- Marble Limestone / Fizzes with acid; recrystallized
Foliated Dolostone calcite; soft enough to carve.
NOI:I- Anthracite Coal Shiny, bl?ck, and hl%h carbon
Foliated content; "hard coal.

Table 2.4: Types of metamorphic.rocks and examples

Fillin the blank: Marble is'an example of a metamorphic rock.

2.4.3 Properties and examples

Metamorphic rocks are typically hard, dense, and resistant to erosion. Their properties
makethemvaluable for construction and decorative purposes. For example, marble is
widely usedinsculpture and architecture, while slate is used for roofing and flooring.

The presence of foliation or banding in some metamorphic rocks provides clues about the
pressures and forces that shaped them.

-
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Plate 2.3: Examples of metamorphic rocks (marble and slate)

Fillin the blank: Slate is commonly used for and flooring due to its durability.

Pilot questions 2.4

1. Whatis the process called when rocks are transformed under heat and pressure
without melting?

Name the two main types of metamorphism.

Give one example of a foliated metamorphic rock.

Fillin the blank: Quartzite is.anexample of a metamorphic rock.

Why are metamorphic rocks valuable for construction and decoration?

arobd

Series Summary

This Series was.designed to introduce you to the origins and characteristics of rocks, which
form the foundation of the Earth’s crust and influence both geomorphology and soil
geography. We began by clarifying the meaning and classification of rocks, then examined
igneous rocks, focusing on their formation processes, types, and properties. Following
that; we explored sedimentary rocks, considering how they form through weathering,
erosion, deposition, and lithification, and highlighting their types and fossil-bearing nature.
Finally, we studied metamorphic rocks, analysing how heat and pressure transform
existing rocks, their classification into foliated and non-foliated types, and their practical
uses.

By completing this Series, you should now be able to define and classify rocks (SLO 2.1),
explain the origin and characteristics of igheous rocks (SLO 2.2), describe the formation
and properties of sedimentary rocks (SLO 2.3), and analyse the processes and features of
metamorphic rocks (SLO 2.4). These outcomes provide you with a solid foundation for

-
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connecting rock types to landform development and soil formation, preparing you for
deeper exploration in the subsequent Series.

Glossary of Terms

e Basalt: A dark-coloured, fine-grained extrusive igneous rock formed from rapidly
cooled lava.

¢ Clastic sedimentary rock: A type of sedimentary rock formed from fragments of
other rocks, such as sandstone.

e Coal: An organic sedimentary rock formed from the accumulation of plant remains.

¢ Contact metamorphism: A type of metamorphism that occurs when rocks are
heated by nearby magma.

o Extrusive igneous rock: Igneous rock formed whenlava cools quickly on the
Earth’s surface, producing small crystals.

¢ Foliated metamorphic rock: A metamorphic rock that shows a layered or banded
texture due to mineral alignment.

o Granite: A coarse-grained intrusive igneous rock composed mainly of quartz and
feldspar.

¢ lIgneous rock: Rock formed from the cooling and solidification of magma or lava.

¢ Intrusive igneous rock: Igneous rock formed when magma cools slowly beneath
the Earth’s surface, producing large crystals.

¢ Limestone: A chemical sedimentary rock formed from the precipitation of calcium
carbonate, often containing fossils.

o Lithification: The process of compaction and cementation that turns sediments
into solid rock.

¢ Marble: Anon-foliated metamorphic rock formed from limestone under heat and
pressure, often used in sculpture.

¢ Metamorphism: The transformation of existing rocks under heat, pressure, or
chemical processes without melting.

e Metamorphic rock: Rock formed when existing igneous or sedimentary rocks are
altered by heat and pressure.

¢ Quartzite: A non-foliated metamorphic rock formed from sandstone, known for its
hardness.

e Rock: A naturally occurring solid material composed of one or more minerals,
forming the Earth’s crust.

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

« Sedimentary rock: Rock formed from the accumulation, compaction, and
cementation of sediments.

o Slate: Afoliated metamorphic rock derived from shale, commonly used for roofing
and flooring.

-
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o Stratification: The layered structure of sedimentary rocks, reflecting successive
deposition over time.

Concept Check Questions Series 2

Objective questions

1. Rocks are naturally occurring solid materials composed of one or more
(Linked to SLO 2.1).

2. Which type of igneous rock forms when magma cools slowly beneath the Earth’s
surface? (Linked to SLO 2.2).

3. Which of the following is NOT a sedimentary rock: sandstone, limestone, basalt, or
shale? (Linked to SLO 2.3).

4. Marble is an example of a metamorphic rock (Linked to SLO 2.4).
5. The layered structure of sedimentary rocks is known as (Linked to SLO
2.3).

Short-answer questions

6. Define a rock and explain the basis of its classification (Linked to SLO 2.1).

7. Distinguish between intrusive and extrusive igneous rocks with one example each
(Linked to SLO 2.2).

8. Identify one process involvedin the formation of sedimentary rocks (Linked to SLO 2.3).
9. Explain the difference between foliated and non-foliated metamorphic rocks (Linked to
SLO 2.4).

10. State one practical use of igneous, sedimentary, and metamorphic rocks (Linked to
SLOs 2.2, 2.3, 2.4).

Long-answer questions

11. Analyse the processes involved in the formation of sedimentary rocks, highlighting how
they provide evidence of Earth’s history (Linked to SLO 2.3).

12. Evaluate the importance of metamorphic rocks to society, with reference to their
properties, classification, and uses (Linked to SLO 2.4).

Answers to Concept Check Questions [Series 2]
Objective questions

Minerals.

Intrusive igneous rock.
Basalt.

Non-foliated.
Stratification.

apowN=
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Short-answer questions

6. Arockis a naturally occurring solid material composed of minerals. Classification is
based on origin, composition, and texture.

7. Intrusive igneous rocks form beneath the surface, e.g., granite. Extrusive igneous rocks
form at the surface, e.g., basalt.

8. Lithification (compaction and cementation).

9. Foliated rocks show banding or layering (e.g., slate), while non-foliated rocks do not
(e.g., marble).

10. Igneous rocks (granite) are used in construction, sedimentary rocks (limestone) in
cement production, metamorphic rocks (slate) in roofing.

Long-answer questions

11. Basic response: Sedimentary rocks form through weathering, erasion, deposition, and
lithification. Their stratification and fossil content provide evidence of past environments
and life.

Value-added response: Outstanding learners may add that sedimentary rocks record
climatic changes, tectonic events, and biological evolution,,making them crucial for
reconstructing Earth’s geological history.

1. Basic response: Metamorphicrocks are hard and durable, classified into foliated
and non-foliated types, and used.in construction and decoration.
Value-added response: Outstanding learners may expand by discussing how
metamorphic rocks like marble.and slate contribute to architecture, industry, and
cultural heritage, and how their properties reveal tectonic pressures and geological
processes.

Answers to Pilot Questions [Series 2]

Answers to Pilot questions 2.1

Minerals.

Igneous, sedimentary, and metamorphic.
Igneous rock.

Clastic.

Origin, mineral composition, and texture.

Ay oy -

Answers to Pilot questions 2.2

Magma or lava.
Intrusive igneous rock.
Basalt.

Silica.

PO~
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5. Because they are hard, durable, and resistant to weathering.

Answers to Pilot questions 2.3

1. Weathering, erosion, deposition, and lithification.

2. Clastic, chemical, and organic.

3. Sandstone.

4. Chemical.

5. They contain fossils and stratification, which provide evidence of past environments
and life.

Answers to Pilot questions 2.4

Metamorphism.

Contact metamorphism and regional metamorphism.

Slate.

Non-foliated.

Because they are hard, durable, and aesthetically valuable for construction and
decoration.

apwbd=

References and Attributions [Series 2]

The following references and attributions cover the sources, suggested open educational
resources (OERs), and Al-generated illustration prompts used in Series 2: Rock Types:
Origins and Characteristics. Entries are presented in APA style for clarity and consistency.

General References

o Press; F., &Siever, R:(2001). Earth (6th ed.). New York: W. H. Freeman.

e Tarbuck, E.J., Lutgens, F. K., & Tasa, D. (2017). Earth science (15th ed.). Boston:
Pearson.

o | Monroe, J. S., Wicander, R., & Hazlett, R. W. (2006). Physical geology: Exploring the
Earth (6th ed.). Belmont, CA: Brooks/Cole.

Illustration Attributions

e - Figure 2.1: The rock cycle illustrating relationships between igneous, sedimentary,
and metamorphic rocks
Al-generated prompt: “Generate a labelled diagram of the rock cycle showing
igneous, sedimentary, and metamorphic rocks.”
Suggested OER search string: “OER rock cycle diagram.”
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e Figure 2.2: Formation of intrusive and extrusive igneous rocks
Al-generated prompt: “Generate a labelled diagram showing intrusive igneous rocks
forming underground and extrusive rocks forming at the surface.”

Suggested OER search string: “OER igneous rock formation diagram.”

e Table 2.2: Types of igneous rocks and examples
Al-generated prompt: “Generate a table showing intrusive and extrusive igheous
rocks with examples and characteristics.”

Suggested OER search string: “OER igneous rock types table.”

e Plate 2.1: Examples of igneous rocks (granite and basalt)

Al-generated prompt: “Generate an image showing samples of granite and basalt
side by side.”
Suggested OER search string: “OER igneous rock granite basalt image.”

e Figure 2.3: Formation of sedimentary rocks
Al-generated prompt: “Generate a labelled diagram showing sedimentary rock
formation through weathering, erosion, deposition,and lithification.”

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

e Table 2.3: Types of sedimentary rocks and examples
Al-generated prompt: “Generate a table showing clastic, chemical, and organic
sedimentary rocks with examples.”

Suggested OER search string: “OER sedimentary rock types table.”

e Plate 2.2: Examples of sedimentary rocks (sandstone and limestone)
Al-generated prompt: “Generate an image showing samples of sandstone and
limestone side by side.”

Suggested OER search string: “OER sedimentary rock sandstone limestone image.”

o Figure 2.4: Formation processes of metamorphic rocks
Al-generated prompt: “Generate a labelled diagram showing contact
metamorphism near magma and regional metamorphism under tectonic pressure.”
Suggested OER search string: “OER metamorphic rock formation diagram.”

e Table 2.4: Types of metamorphic rocks and examples
Al-generated prompt: “Generate a table showing foliated and non-foliated
metamorphic rocks with examples and characteristics.”

Suggested OER search string: “OER metamorphic rock types table.”

e Plate 2.3: Examples of metamorphic rocks (marble and slate)

Al-generated prompt: “Generate an image showing samples of marble and slate
side by side.”
Suggested OER search string: “OER metamorphic rock marble slate image.”
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Course code: GEO 201
Course title: Introductory Geomorphology and Soil Geography
Course credit load: 2 Units

Series 3: Relief Forms and Structural Landforms
Series Outline

3.1 Meaning and Classification of Relief

e 3.1.1 Definition of relief
e 3.1.2 Majorrelief forms
e 3.1.3 Basis of classification

3.2 Fluvial Processes and Landforms

¢ 3.2.1River erosion and deposition
e 3.2.2 Fluvial landforms
¢ 3.2.3Importance of rivers in shaping relief

3.3 Aeolian Processes and Landforms

¢ 3.3.1Wind erosion and deposition
e 3.3.2 Aeolian landforms
e 3.3.3Significance of wind action.in arid regions

3.4 Glacial Processes and Landforms

e 3.4.1 Glacial erosion and deposition
e 3.4.2Glaciallandforms
e 3.4.3Role of glaciers in landscape development

Introduction

Relief'refers to the variations in elevation and slope that characterise the Earth’s surface. It
is a key aspect of geomorphology because it reflects the combined action of internal and
external processes shaping the land. This Series introduces the meaning and classification
of relief, then examines the major processes—fluvial, aeolian, and glacial—that create
distinctive landforms.
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The aim of this Series is to enable you to define relief, classify its forms, and explain the
processes that generate and modify them. By the end, you will appreciate how rivers, wind,
and glaciers contribute to landscape development and human activity.

We shall commence this Series by clarifying the meaning and classification of relief. Next,
we will explore fluvial processes and landforms. Following that, we will consider aeolian
processes and landforms. Finally, we will examine glacial processes and landforms,
highlighting their role in shaping landscapes.

Series Learning Outcomes

Upon completing this Series, you should be able to:

e SLO 3.1 define relief and classify its major forms,

e SLO 3.2 explain fluvial processes and identify associated landforms,
e SLO 3.3 describe aeolian processes and landforms,

e SLO 3.4 analyse glacial processes and landforms.

3.1 Meaning and Classification of Relief

3.1.1 Definition of relief

Relief refers to the differences in elevation and slope of the Earth’s surface. It describes
the vertical and horizontal variations that give landscapes their distinctive appearance.

-
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MAJOR RELIEF LANDFORMS

Figure 3.1: Examples of reli% \
®
Fillin the blank: Relief refers to the \\ d slope of the Earth’s surface.
3.1.2 Major relief forms

Relief can be classified in forms:

e Mountai
o Plateaus:
« Plains:

These forms tectonic activity, erosion, and deposition.

Fill i eb ed flat areas are known as

sis of classification

elief is classified based on elevation, slope, and origin. For example, mountains may be
lcanic or fold mountains, while plains may be depositional or structural.

-
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CLASSIFICATION OF RELIEF FORMS
RELIEF FORM ELEVATION SLOPE ORIGIN
(meters) degrees) (Endongic/Exogenic)
MOUNTAINS >2000 >20 Endongic (Compression/
: ! | Accrettion)
Folded Volcanic >25 Endongic (Tension/Faulting)
Fault-block 500-2000 Endongic 200-80 (Lava flows)
I | (Uplift) '
PLATEAUS 300-1000 5-15 10-20
(Uplift)
Tiectoted Volcanic | Endongic 10-20
1 ! (Stability) !
Structural Deposiotion <5 <5
Erosional <200 7 Endongic | Exogngl (Long-term Erosion
(Sedimentatiory) |

Source: Open Educational Resources
Table 3.1: Classification of relief based on elevation, slope, and origin

Fillin the blank: Plains formed by deposition are called plains.
Pilot questions 31

What does relief describe?

Name the three major relief forms.

Which relief form is characterised by high elevation and steep slopes?
Fillin the blank: Plateaus are flat areas.

On what basisis relief classified

B W=

3.2 Fluvial Processes and Landforms

3.2.1 River erosion and deposition

Fluvial processes are those associated with rivers and streams. Rivers shape landscapes
through erosion, transport, and deposition.

-
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e Erosion occurs when flowing water wears away rock and soil.

¢ Transport involves the movement of sediments downstream.

e Deposition happens when the river loses energy and drops its load, forming
features such as deltas and floodplains.

FLUVIAL PROCESSES

(Upper Cowse)  (Middile Course) (Lower Course)

S arse A b Latew sl Lronion

Traction (witing of Wwrpe pebbiles)
Saltation (Popping of of vl wiorws)
Suspensian (Fre purta bes [aodved swraiais)

Souice Open FuCatorad Reacnsrcos

Figure 3.2: Fluvial processes shaping landforms

Fillin the blank: When a river.loses energy, itdrops its load in a process called

3.2.2 Fluvial landforms
Rivers create a variety of landforms through erosion and deposition:

o [ Erosional landforms: Valleys, gorges, waterfalls.
o Depositional landforms: Floodplains, levees, deltas, alluvial fans.

These landforms reflect the river’s stage (youthful, mature, or old age) and energy levels.

F(_i_ature Landform Formation Process Examples
ype
Vertical erosion . ,
Erosional V-Shaped (downcutting) in the river's Himalayan river
Valley valleys
upper course.

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



Feature

Landform Formation Process Examples
Type
Waterfall & Erosion of soft rock beqeath Niagara Falls,
a hard rock layer, creating a
Plunge Pool : Angel Falls
vertical drop.
Gorge / Rapld vertical erosion in Grand.Canyen,
resistant rock, creating
Canyon Indus Gorge
deep, narrow valleys.
Swirling water (eddies) Bourke's Luck
Potholes grinding pebbles into the Potholes (South
riverbed. Africa)
A cone-shaped deposit
Depositional | Alluvial Fan where a stream leavesa fgiith Valley
mountain and enters a plain:
Flat land'adjacent to a river Mississiopi
Floodplain formed by silt deposited PP
: Floodplain
during floods.
Raised ridges along
Natural riverbanks formed by Lower
Levee sediment during overbank Mississippi River
flow.
Triangular sediment .
Delta deposits at the mouth of a Nile Delta,
: . Ganges Delta
river entering a sea.
Erosion on the outer bank Amazon River
Combined Meander and deposition on the inner
: bends
bank (point bar).
A meander loop cut off from Kanwar Lake
Oxbow Lake the main channel by erosion

and deposition.

(India)

Table 3.2: Fluvial landforms and examples

Fillin the blank: A flat area beside a river that floods periodically is called a

-
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3.2.3 Importance of rivers in shaping relief

Rivers are powerful agents of landscape development. They carve valleys, transport
sediments, and build fertile plains. Beyond geomorphology, rivers support agriculture,
settlement, and transport, but they can also pose hazards such as flooding.

Summary: The Importance of Rivers for
Human Activity

 Setlement
Rivers provide a consistent | Most major global cities Rivers act as "natural
source of fraskviter for were founded riverbanks.  highways.” They allow for
irrigation, allowing crops-trive Rivers provide drinking allow for bulk transport of
in varieus climates. water, a means for disposal goods and peover long
peridolic floding deposits (historcaly), and a natural  distances at the alower
alluvium™ (silt) (silt) derrier. The flat land of river cost thand travel. This
onto floodplains, creating | of river vallyes also makes conneciivity is vital for
creating some the most construction of homes intene and international
fertile farmland on Earth. and infarsstuture easier. ports at river mouths.
Case Study Examples

* The Nile (Egypt): Essential for desert agriculture and the faundation of
ancient and ur suncient and modern Egyptian settIment.

* The Gangepi(India/ Bangladesh) A massive corridor for transfor the highipest
population densties the inernal trade an world through intensive farmive
gods.

Source: Open Educational Resources

Box 3.1: Contributions of rivers to human activity

-
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Fillin the blank: Rivers can pose hazards such as

Pilot questions 3.2

What are the three main fluvial processes?

Name one erosional and one depositional landform created by rivers.
Fillin the blank: A delta is formed by river

How do rivers contribute to agriculture?

Why canrivers be considered both beneficial and hazardous?

apobd=

3.3 Aeolian Processes and Landforms
3.3.1 Wind erosion and deposition

Aeolian processes are those driven by the action of wind, particularly in arid and semi-arid
regions. Wind can erode surfaces through deflation (removal of loose particles) and
abrasion (wearing down of surfaces by wind-blown sand). Deposition occurs when wind
loses energy, forming features such‘as dunes and loess deposits.

AEOLIAN PROCESSES

EROSION DEPOSITION
(Wind Removal) (Wind Deposit)

SAND DUNES

LOESS
SALTATION SUSPENSION DEPSOITS

Figure 3.3: Aeolian processes shaping landforms

-

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



Fillin the blank: The removal of loose particles by wind is called

3.3.2 Aeolian landforms

Wind action creates distinctive landforms:

+ Erosional landforms: Deflation hollows, ventifacts (rocks shaped by wind

abrasion).

e Depositional landforms: Sand dunes, loess plains.

These landforms reflect the strength and persistence of wind as well as the availability of

loose material.

. Notable
Type Landform Description Example
. Mushroom A pegstaligg rotk shaped by Gara, Sahara
Erosional sand abrasion, which is more
Rock : Desert
intense near the ground.
Streamlined, elongated ridges , .
Yardang of rock carved by wind abrasion Qa_|dam Basin,
. : China
parallel to the prevailing wind.
. A shallow basin or depression Qattara
Deflation ) .
formed when the wind scoops Depression,
Hollow :
out loose surface material. Egypt
Stones that have been Tavior Valle
Ventifact polished, pitted, or faceted by ylor ! y
: Antarctica
wind-blown sand.
Tabular masses of soft rock
7 capped by hard rock, eroded White Desert,
eugen . .
into ridge-and-furrow Egypt
landscapes.
. Mounds of sand deposited Namib Desert,
Depositional | Sand Dunes . } g
when wind speed drops; types Namibia

-
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Notable

Type Landform Description Example

include Barchan, Seif, and Star
dunes.

Extensive blankets of wind-

Loess blown silt and clay that often Loess Plateau,

form highly fertile soil. Chigg

Ripple Small, wave-like ridges formed Thar Desert,
on the surface of sand by :

Marks . : . India
saltation (bouncing grains).

Desert A surface of clogely packed Mojave Desert,
pebbles left behind after the

Pavement : . USA
wind removes finer sand:

Table 3.3: Aeolian landforms and examples
Fillin the blank: Sand dunes are examples of landforms created by wind

deposition.

3.3.3 Significance of wind action in arid regions

Wind plays a majorrole.in shaping landscapes where vegetation is sparse and soils are
loose. Aeolian processes influence desert environments, agricultural productivity, and
human settlement. They can create hazards such as dust storms but also form fertile loess
plains that support farming.

-
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Significance of Wind Action (Aeolian Processes) in Arid Regions

Wind action, or aeolian processes, plays a critical role in shaping a arid semi-arid landscapes. Because
thes regions lack dense vegetation and moisture to bind deses soil, the wind becomes primary
agent of erosiin ansport, transport, and deposition.

1. Landform Evolution

* Wind creates distinct geogrpbical features that define arid environments.
Through abrasion abrasion (sandblasting) and deflation (deflation) (remes out
and yardurcs like yardangs iike mushbroom rocks, it carves out strucetiem rocks.
Convesssy throusion, it builds vast dune duee systems (ergs) and loess plateaus,
which can store eitatrte or provide fertile soil in distant regions.

2. Environmenal Hazards The power of wind regions poses significant challenges to human
to activity and infrastricture:
« Dust Storms (Haboobs): These reduce visibility to near-zero, causing massive
« Desertfication: Persistent wind cant away for fertioil (eptient issues (e.g. silicosis).
rendring land usletss for agriculture
* Infrastcture Burrill: Shifting sand dunes, railays, aven epiing consnsive sand-clearance
efforts

2. Environnertal Hazards

* Nutrient Transport: Mineral-rich from deserts like Sahara is carried coss acoss
tross Amazon Rainforst to fartiizas and provide nutrients and provide nutriente
nutrients and sutitietaahtic Value, With evice contistine setatapnton (as simalar
opst open spaces

3. Benefits and Opportunities
: * Nutrient Transport: Arid region as provides ecological and wirtche - wind farms
ecnnonic services:
* Renewable Energy: Arid regioms ane consistent, high-valicity and provide unique
laboratirsins are for studying climate change and planatary gealogys ssinire occuur
Mars.

Summary: While wind action in arid regions presents severe risks like soil erosion “cover belt" for
“ hazards, is is is also vital global and a powerful resource for poource for sustainables ecoorgy
energy.

Box 3.2: Contributions and hazards of wind action

Fillinthe blank: Fertile plains formed by wind deposition of fine particles are called
plains.

Pilot questions 3.3
1. What are the two main wind erosion processes?

2. Name one erosional and one depositional aeolian landform.
3. Fillin the blank: Ventifacts are rocks shaped by wind
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4. Why is wind action especially significant in arid regions?
5. What benefit can loess plains provide to human activity?

3.4 Glacial Processes and Landforms

3.4.1 Glacial erosion and deposition

Glacial processes occur in cold regions where moving ice shapes the landscape. Glaciers
erode surfaces through plucking (lifting and removing blocks of rock)'and abrasion
(scraping and smoothing surfaces with embedded debris). Deposition happens when
glaciers melt, leaving behind sediments called till and features such as moraines.

GLACIAL PROCESSES

Plucking Lateral Terminal
l Abrasing Moraine  Moraine

Kettle Lake

roc ‘ Ground
striations Moraine

Source: Open Educational Resources

Figure 3.4: Glacial processes shaping landforms
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Fillin the blank: The scraping and smoothing of surfaces by glacier-embedded debris is
called

3.4.2 Glacial landforms

Glaciers create distinctive landforms:

o Erosional landforms: U-shaped valleys, cirques, arétes, fjords.
¢ Depositional landforms: Moraines, drumlins, eskers, outwash-plains.

These landforms provide evidence of past glaciation and are often striking features in
mountainous and polar regions.

Table 3.4: Glacial landforms and examples

Do)
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Fillin the blank: A valley shaped by glacial erosion is typically in cross-section.

3.4.3 Role of glaciers in landscape development

Glaciers are powerful agents of landscape change. They carve deep valleys, transport
massive amounts of debris, and deposit fertile sediments. Their role in shaping reliefis
significant both in the past (during ice ages) and in present-day cold regions. Glacial
landscapes also influence human activity, providing water resources and tourism
opportunities, while posing hazards such as avalanches.

GLACIAL LANDFORMS

FEATURE TYPE FORMATION GEOGRAPHIC
PROCESS EXAMPLES

U-Shaped Valley Glacial scour and Yosete Valley,

widning of river vallyes California

Cirque / Corrie Rotational abrasion at the Helvel,

glaccier of glacier Englant, England

Arete Two cirques erooing back- Striding Edge, Mattermorn,

central peak back England Swiss Alps

DEPOSITIONAL

Deposit of till at glacie of glacier snout

or sides
Moraine Streamlined mound at Streamined mound Long Island, USA
(Terminal, Lateral) till, resphed by moving resphed by (Terminal)

ice moving ice
Drumlin Winding ridge at sediment Boston
Esker sedinent from sub-glacial

meltwater tunnels Pine River Esker, Walden Pond
Kettle Lake blocks Canada Masschusetts

Source: Open Educational Resources

Box 3.3: Contributions and hazards of glaciers

Fillinthe blank: Sediments deposited directly by glaciers are called
Pilot questions 3.4

1. What are the two main glacial erosion processes?
2. Name one erosional and one depositional glacial landform.

-
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3. Fillin the blank: Moraines are formed by glacial
4. Why are U-shaped valleys significant evidence of glaciation?
5. What benefits and hazards do glaciers present to human activity?

Series Summary [Series 3]

This Series was desighed to introduce you to relief forms and the processes that shape
them, highlighting the variations in elevation and slope that define the Earth’s surface. We
began by clarifying the meaning and classification of relief, then examined fluvial
processes, focusing on how rivers erode, transport, and deposit materials to create
valleys, floodplains, and deltas. Following that, we explored aeolian processes,
considering how wind action in arid regions produces features such as dunes, loess plains,
and ventifacts. Finally, we studied glacial processes, analysing how glaciers erode and
deposit materials to form U-shaped valleys, moraines, and drumlins.

By completing this Series, you should now be able to define relief and classify its major
forms (SLO 3.1), explain fluvial processes and identify associated landforms (SLO 3.2),
describe aeolian processes and landforms (SLO 3.8), and analyse glacial processes and
landforms (SLO 3.4). These outcomes provide you with.a deeper understanding of how
external agents of erosion and deposition shape landscapes, preparing you to connect
relief forms with soil development and broader geomorphological studies in the next
Series.

Glossary of Terms [Series 3]

e« Abrasion: The scraping and smoothing of surfaces by debris carried in moving
water, wind, or glaciers.

e Aeolian processes: Geomorphic processes driven by wind, including erosion,
transport, anddeposition of sediments.

e ' Alluvial fan: A fan-shaped deposit formed where a river loses energy and spreads
sediments at the base of a slope.

o Aréte: Asharp ridge formed between two glacial valleys or cirques.

e Cirque: A bowl-shaped hollow carved by glacial erosion at the head of a valley.

o  Deflation: The removal of loose particles from the ground surface by wind.

e Delta: A depositional landform created where a river meets a standing body of
water, such as a lake or sea.

e Drumlin: A streamlined hill formed by glacial deposition, usually composed of till.

o Erosion: The wearing away of the Earth’s surface by agents such as water, wind, or
ice.
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e Fjord: A deep, narrow coastal valley formed by glacial erosion and later flooded by
the sea.

¢ Fluvial processes: Geomorphic processes associated with rivers, including
erosion, transport, and deposition.

e Glacial processes: Geomorphic processes involving glaciers, including plucking,
abrasion, and deposition.

e Loess: Fine-grained, fertile deposits formed by wind-blown silt.

e Moraine: An accumulation of debris deposited directly by a glacier.

e Outwash plain: A flat area formed by sediments deposited by meltwater streams
flowing from glaciers.

« Plateau: An elevated flat area of land, often formed by tectonic-uplift or volcanic
activity.

¢ Relief: The differences in elevation and slope that characterise the Earth’s surface.

e Sand dune: A mound or ridge of sand formed by wind deposition.

o Stratification: The layering of sediments, especiallyvisible in plains and
depositional environments.

¢ U-shaped valley: A valley carved by glacial erosion, distinguished by its broad floor
and steep sides.

o Ventifact: Arock shaped and polished by wind abrasion.

Concept Check Questions [Series 3]

Objective questions

1. Relief refers to the differences in and slope of the Earth’s surface (Linked
to SLO 3.1).

2. Which relief form is characterised by high elevation and steep slopes? (Linked to
SLO 3.1).

3. The three main fluvial processes are erosion, transport, and (Linked to SLO
3.2).

4./ Sand dunes are examples of landforms created by wind deposition (Linked
to SLO 3.3).

5.  Avalley shaped by glacial erosion is typically in cross-section (Linked to
SLO 3.4).

Short-answer questions

6. Define relief and explain the basis of its classification (Linked to SLO 3.1).

7. Distinguish between erosional and depositional fluvial landforms with one example
each (Linked to SLO 3.2).

8. Identify one erosional and one depositional aeolian landform (Linked to SLO 3.3).

9. Explain the difference between plucking and abrasion in glacial erosion (Linked to SLO
3.4).

-
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10. State one benefit and one hazard associated with rivers, wind, and glaciers (Linked to
SLOs 3.2, 3.3, 3.4).

Long-answer questions

11. Analyse the processes involved in fluvial landscape development, highlighting how
rivers create both erosional and depositional features (Linked to SLO 3.2).

12. Evaluate the significance of glaciers in shaping landscapes, with reference to.their
erosional and depositional landforms and their impact on human activity (Linked to SLO
3.4).

Answers to Concept Check Questions [Series 3]
Objective questions

Elevation.
Mountains.
Deposition.
Depositional.
U-shaped.

aOpobd=

Short-answer questions

6. Relief is the variation in elevation and slope of the Earth’s surface. Itis classified based
on elevation, slope, and origin.

7. Erosional fluvial landforms include valleys and gorges; depositional landforms include
deltas and floodplains.

8. Erosional aeolian landform: deflation hollow. Depositional aeolian landform: sand dune.
9. Plucking involves lifting and removing blocks of rock, while abrasion scrapes and
smooths surfaces with debris.

10. Rivers provide fertile plains.but can cause floods; wind creates loess plains but can
cause dust storms; glaciers provide water resources but can cause avalanches.

Long-answer questions

11. Basic.response: Rivers erode landscapes through hydraulic action and abrasion,
transport sediments downstream, and deposit them to form features such as deltas and
floodplains.

Value-added response: Outstanding learners may add that fluvial processes reflect the
river’s stage of development, influence settlement patterns, and create fertile soils
essential for agriculture.

1. Basic response: Glaciers erode landscapes by plucking and abrasion, forming U-
shaped valleys and cirques, and deposit sediments to form moraines and drumlins.
Value-added response: Outstanding learners may expand by discussing how glacial
landscapes influence tourism, water supply, and hazards, while also providing
evidence of past climatic changes and tectonic forces.

-
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Answers to Pilot Questions [Series 3]

Answers to Pilot questions 3.1

1. Relief describes differences in elevation and slope of the Earth’s surface.
2. Mountains, plateaus, and plains.

3. Mountains.

4. Elevated.

5.

Elevation, slope, and origin.
Answers to Pilot questions 3.2

Erosion, transport, and deposition.

Erosional: valley; Depositional: delta.

Deposition.

By providing fertile floodplains for cultivation.

They support agriculture and settlement.but can also cause flooding.

abhobd

Answers to Pilot questions 3.3

Deflation and abrasion.

Erosional: ventifact; Depositional: sand dune.

Abrasion.

Because vegetation.is sparse and soils are loose, making wind action more
effective.

5. They provide fertile soils for farming.

PoOd~

Answers to Pilot questions 3.4

Plucking and abrasion.

Erosional: U-shaped valley; Depositional: moraine.

Deposition.

They show the distinctive broad floor and steep sides carved by glaciers.
Benefits include water resources and tourism; hazards include avalanches and
glacial flooding.

Y

References and Attributions [Series 3]

-
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The following references and attributions cover the sources, suggested open educational
resources (OERs), and Al-generated illustration prompts used in Series 3: Relief Forms and
Processes. Entries are presented in APA style for clarity and consistency.

General References

e Bloom, A. L. (1998). Geomorphology: A systematic analysis of late Cenozoic
landforms (3rd ed.). Upper Saddle River, NJ: Prentice Hall.

e Huggett, R. J. (2017). Fundamentals of geomorphology (4th ed.). London: Routledge.

e Summerfield, M. A. (1991). Global geomorphology. Harlow: Longman Scientific &
Technical.

Illustration Attributions

e Figure 3.1: Examples of relief forms
Al-generated prompt: “Generate a labelled diagram showing relief variations:
mountains, plateaus, and plains.”

Suggested OER search string: “OER relief forms diagram.”

e Table 3.1: Classification of relief based on elevation, slope, and origin
Al-generated prompt: “Generate a table showing classification of relief forms based
on elevation, slope, and origin.”

Suggested OER search string: “OER relief classification table.”

e Figure 3.2: Fluvial processesshaping landforms
Al-generated prompt: “Generate alabelled diagram showing river erosion,
transport, and deposition processes.”

Suggested OER search string: “OER fluvial processes diagram.”

e Table 3.2: Fluvial landforms and examples
Al-generated prompt: “Generate a table showing erosional and depositional fluvial
landforms with examples.”

Suggested OER search string: “OER fluvial landforms table.”

e Box 3./: Contributions of rivers to human activity
Al-generated prompt: “Create a text box summarising the importance of rivers for
agriculture, settlement, and transport.”

Suggested OER search string: “OER rivers human activity case study.”

o Figure 3.3: Aeolian processes shaping landforms
Al-generated prompt: “Generate a labelled diagram showing wind erosion
processes (deflation, abrasion) and deposition (dunes, loess).”

Suggested OER search string: “OER aeolian processes diagram.”

e - Table 3.3: Aeolian landforms and examples
Al-generated prompt: “Generate a table showing erosional and depositional aeolian
landforms with examples.”

Suggested OER search string: “OER aeolian landforms table.”

e Box 3.2: Contributions and hazards of wind action

Al-generated prompt: “Create a text box summarising the significance of wind
ol
S
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action in arid regions, including hazards and benefits.”
Suggested OER search string: “OER aeolian processes human impact case study.”
e Figure 3.4: Glacial processes shaping landforms
Al-generated prompt: “Generate a labelled diagram showing glacial erosion
(plucking, abrasion) and deposition (moraines, till).”
Suggested OER search string: “OER glacial processes diagram.”
e Table 3.4: Glacial landforms and examples
Al-generated prompt: “Generate a table showing erosional and depositional glacial
landforms with examples.”
Suggested OER search string: “OER glacial landforms table.”
e Box 3.3: Contributions and hazards of glaciers
Al-generated prompt: “Create a text box summarising the role of glaciersin
landscape development, including benefits and hazards.”
Suggested OER search string: “OER glaciers human impact case study.”

Course code: GEO 201
Course title: Introductory Geomorphology and Soil Geography
Course credit load: 2 Units

Series 4: Soil Geography and Factors of Formation

Series Outline
4.1 Meaning and Importance of Soil Geography

¢ 4.1.1 Definition of soil geography
e 4.1.2Importance of soitingeomorphology and human activity

4.2 Soil-forming Processes

e 4.2.1 Weathering and soil genesis
o  4.2.2 Pedogenesis (soil development)
e 4.2.3 Soilhorizons and profiles

4.3 Factors of Soil Formation

e 4.3.1 Parent material
e 4.3.2Climate

e 4.3.30rganisms

e 4.3.4Relief

e 4.3.5Time
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4.4 Soil Classification Systems

e 4.4.1 Traditional classification (zonal, azonal, intrazonal soils)
e 4.4.2 Modern classification (FAO, USDA Soil Taxonomy)
e 4.4.3 Importance of classification in soil management

Introduction

Soil geography is the study of the spatial distribution, formation, and.characteristics of
soils across the Earth’s surface. It links geomorphology with agriculture, ecology, and
human development. Soils are products of complex interactions among rocks, climate,
organisms, relief, and time. Understanding these processes and factors is.essential for
managing soil resources sustainably.

This Series introduces the meaning and importance of soil geography, explains soil-
forming processes, analyses the five major factors of soil formation, and reviews soil
classification systems. By the end, you will appreciate how soils develop, vary across
regions, and influence human activity.

We shall commence this Series by defining soil geography and its importance. Next, we
will examine soil-forming processes. Following that, we will analyse the five factors of soil
formation. Finally, we will consider soil classification systems and their relevance to soil
management.

Series Learning Outcomes

Upon completing this Series, you should be able to:

e /SLO 4.1 define soil geography and explain its importance,

e SLO 4.2 describe soil-forming processes and identify soil horizons,
e SLO 4.3 analyse the five factors of soil formation,

o SLO 4.4 explain soil classification systems and their significance.

-
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4.1 Meaning and Importance of Soil Geography

4.1.1 Definition of soil geography

Soil geography is the study of the spatial distribution, characteristics, and formation of
soils across the Earth’s surface. It examines how soils vary from place to place due'to
differences in parent material, climate, organisms, relief, and time. Soil geography
connects geomorphology with agriculture, ecology, and human development, makingit a
vital field in understanding the Earth’s surface processes.

GLOBAL SOIL DISTRIBUTION PATTERNS

LEGEND
I Spodsols (Acidic, Confioreus Forests)

Bl Mollisols (Fertile Grasslands) Il Entisols

|| Oxisols Tropical, Weathered) [ ] New Unsecloved
[ Ultisols (Humid Subtroetica, Acidic) 7] Entisols | |

[ Ultisols (Young, Sligaitly Developed) I Volcanic Ash

I Vertisols (Cracking Clays) I Andisols

7] Histosols (Organic, Wetlands) [ ] Rock/Ice

Source: USDA Soil Taxomioxy (CER)

Figure 4.1: Global soil distribution map

Fillin the blank: Soil geography studies the distribution and characteristics of
soils across the Earth’s surface.

-
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4.1.2 Importance of soil in geomorphology and human activity
Soils are essential because they:

e Actastheinterface between the lithosphere, atmosphere, hydrosphere, and
biosphere.

e Provide the foundation for agriculture and food security.

e Influence vegetation distribution and ecosystem health.

e Record environmental history through soil horizons and profiles.

o Affect settlement patterns, construction, and land use.

Importance of Soil Geography in Geomophology and Human Activity

The is longet fol the skin we the Earth”sis in thens found and inteffaces of the litosian’ and soil tes and
the intfeae lois ints skin the Earth’, antuctace of the lithoshere, and is litbosphere, atmosphere and busan
biospisise.

1. Significance for Geomophology

« Soil soil impats tra landscape evolution a rolution the
* lindisaten's aoid dat sades theun hedble rerough
* landlasides
¢ Gully formation
» Servore porepne and soper dive for hesize

)
o —
t
Soil Horizons
(0,A,B,C,R)

2. Signifficance for Human Activity

« alluvial soils, cromet of chriiszerts to agricultural
Agricultural protculvity endstvity to. Unenie and
Engineering, entaderiing, is aad be stiezom

3. Case Study: Soil Degradation & Human Impact

* accelerated erosion

¢ Desertfication

« Desertification

« Salinisation a Onckin gusion

Summary: Soil geography is the foundation of terrestial life. It regulates physical landsape
through geompirhic feedback loups and remains the most significart environmental factor
influmenicing global food security and urban planning.

Source: Open Educational Resources

Box 4.1: Importance of soil geography

\" lJ
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Fillin the blank: Soils act as the interface between the lithosphere, , hydrosphere,
and biosphere.

Pilot questions 4.1

What is soil geography?

Fillin the blank: Soil geography studies the distribution of soils.
Name two ways soils are important for human activity.

How do soils connect geomorphology with agriculture?

Why are soil horizons important in environmental studies?

aprLN=

4.2 Soil-forming Processes

4.2.1 Weathering and soil genesis
Soil formation begins with weathering, the breakdown of rocks into smaller particles.

e Mechanical weathering: physical disintegration (e.g., frost action, thermal
expansion).

e Chemical weathering: alteration of minerals (e.g., hydrolysis, oxidation).

o Biological weathering: action of plants, animals, and microorganisms.

These processesproduce the parent material from which soils develop.

-
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WEATHERING AND SOIL FORMATION

BIOLOGICAL
WEATHERING

MECHANICAL

Root Wedging

v Phyﬁcal

(water freezes Dissolution/
and expand) Oxidation Hydroydrsis
: (rock changes
(rusting) o
compostion)
leads to
Weathered Rock l, Topsoil (with organic matter)

Fragments

= Parent Iiock

Source: Open Educational Resources

Figure 4.2: Weathering processes leading to soil formation

Fillin the blank: The breakdown of rocks into smaller particles is called

4.2.2 Pedogenesis (soil development)

Pedogenesis refers to the processes that transform weathered material into soil. It
involves:

e Addition of organic matter from plants and animals.
e Mixing of minerals and organic matter.
e Development of soil horizons through leaching, accumulation, and transformation.
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SOIL DEVELOPMENT & HORIZON FORMATION

INITIAL STAGE EARLY STAGE MATURE STAGE
0 horizon:
B horizon: Subsoil Organic litter Orgamc litter
0/A horizon: A Topsoil 1
Organic matter (humus & minerals)
& topsoil E horizon:
E Leached zone Leaching
(minerals removed)
C horizon: _]
Accumlation of R SRR W | S
organic matter, [ .
eluiviation, [P S B Subsoil (clays Nt
and illiuvation ) | (clays & minerals) Cycling
accumilate)
R horizon:
Bedsrock R Solid bedirook
Weathering of bedrock C carizon: Weathered Weathered parent material
parent material fragmented rock

Source: Open Educational Resources

Figure 4.3:Pedogenesis and soil horizon development

Fillin'the blank: The process of soil development is called

4.2.3 Soil horizons and profiles

Soils develop distinct layers called horizons, which together form a soil profile:

e O horizon: organic matter (humus).
e Ahorizon: topsoil, rich in organic material and minerals.
e B horizon: subsoil, accumulation of leached materials.
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e C horizon: weathered parent material.
e Rhorizon: unweathered bedrock.

SOIL HORIZON PROFILE

HORIZON | IMAGE DESCRIPTION
o Surface litter, decomposing
. organic matter
Organic (humus).

Mineral soil mixed with
humus. Dark, fertile, and
rich of nutrients.

A

Topsoil

Subsoil

Accumulation clay, iron, and
other minerals leached from
above

Partialy weathered
littles no organic

C

L4 Paresial matter
Partially weathered
R bedrock, little Solid unweathered
Bedreck tio no rock layer

organic matter

Source: Open Educational Resources

Table 4.1: Soil horizons and their characteristics

Fillin the blank: The topsoil rich in organic material and minerals is called the
horizon.

Pilot questions 4.2

1.
2.
3.
4.

What is weathering, and how does it contribute to soil formation?
Name the three types of weathering.

Fillin the blank: The process of soil development is called

List the five main soil horizons in a typical profile.
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5. Why is the A horizon important for agriculture?

4.3 Factors of Soil Formation

Soil formation is controlled by five major factors, often remembered by the acronym
CLORPT (Climate, Organisms, Relief, Parent material, Time). These factors interactto
produce the diversity of soils found across the world.

4.3.1 Parent Material

The parent material is the underlying geological material (rock or sediment) from which
soil develops.

¢ Determines the mineral composition of the soil.
¢ Influences texture (sandy, clayey, loamy).

e Provides nutrients depending on rock type/(e.g., basalt vs: granite).

Fillin the blank: The geological material fromwhich soil develops is called the
material.

4.3.2 Climate

Climate is the most influential factor in soil formation.
o Temperature affects rates of chemical reactions and organic activity.
e Rainfallinfluences leaching, erosion, and vegetation growth.

¢ Arid climates > thin, sandy soils; humid climates »> deep, leached soils.

Fillin the blank: High rainfall often leads to strong of soil nutrients.
4.3.30rganisms

Organisms (plants, animals, microorganisms) contribute organic matter and aid soil
development.

o Roots break rocks and add organic material.
e Microorganisms decompose organic matter into humus.
e Animals mix soil layers through burrowing.

Fillin the blank: Decomposed organic matter that enriches soilis called

-
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4.3.4 Relief
Relief (topography) influences soil depth and drainage.

e Steep slopes »> shallow soils due to erosion.

o Flatareas ~> deep soils due to deposition.

e Aspect (direction of slope) affects temperature and moisture.
Fillin the blank: Steep slopes often have soils due to erosion.
4.3.5Time
Time allows soil-forming processes to act.

¢ Young soils: poorly developed horizons.

¢ Mature soils: distinct horizons and stable profiles.
e Old soils: may be heavily leached and nutrient-poor.

Fillin the blank: Soils with distinct horizons are.considered soils.
Factor Name Effect on Soil Characteristics
. Temperature and moisture levels determine the rate of
Cl Climate . : "
weathering and organic matter decomposition.
. Plants, animals, and microorganisms add organic matter
o) Organisms :
(humus)and create pore spaces for aeration.
R Relief The‘topography and slope influence water drainage,
erosion rates, and the thickness of the soil profile.
P Parent The underlying geological material (rock or sediment)
Material determines the soil's mineral content, texture, and pH.
\ As soil ages, it develops distinct layers (horizons) and
T Time )
becomes deeper and more chemically altered.

Table 4.2: Factors of soil formation and their effects

-
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Pilot questions 4.3

1. What does the acronym CLORPT stand for?

2. Fillinthe blank: The geological material from which soil develops is called the
material.

How does climate influence soil formation?

3.
4. Name two ways organisms contribute to soil development.
5. Why do steep slopes often have shallow soils?

4.4 Soil Classification Systems

4.4.1 Traditional classification

Early soil scientists classified soils into broad groups based on climate and vegetation
zones:

e Zonal soils: Developed under the influence of climate and vegetation (e.g., laterites
in humid tropics, podzols in cold regions).

o Intrazonal soils: Influenced strongly by local factors such as parent material or
relief (e.g., saline soils, peat soils).

e Azonal soils: Young or poorly developed soils without distinct horizons (e.g.,
alluvial soils).

Fillin the blank: Soils strongly influenced by local factors such as parent material are
called soils.

4.4.2 Modern classification
Modern systems are more detailed and scientific, based on measurable properties:
e “FAO World Reference Base (WRB): An international system recognising major soil
groups (e.g., Ferralsols, Chernozems).
o USDA Soil Taxonomy: A hierarchical system with orders, suborders, great groups,
subgroups, families, and series (e.g., Mollisols, Alfisols, Entisols).

These systems allow global comparison and standardisation of soil studies.

Fill in the blank: The USDA system classifies soils into hierarchical levels beginning with
soil

-
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4.4.3 Importance of classification in soil management

Soil classification is important because it:

e Provides a framework for comparing soils globally.

e Helpsin predicting soil behaviour and fertility.

e Guides agricultural planning and land use.

e Supports environmental management and conservation.

Feature Traditional System USDA Soil FAO WRB
(Genetic/Zonal) Taxonomy (Modern) (Modern)
Soil-forming Diagnostic horizons Diagnostic
. , features
Primary factors (Climate, (measurable :
. . ) : (horizons,
Basis vegetation, and physical/chemical :
: : properties, and
time). properties). :
materials).
Acts as an
Assumes soil is in Uses strictly defined, international
Philosophy | equilibrium with its quantitative field and correlation
environment. lab'data. "language" for
mapping.
Broadly categorized Rigid 6-level D\é?;;\{el flat
. into Zonal, hierarchy: Order, Y ) .
Hierarchy Reference Soil
Intrazonal, and Suborder, Great
Groups (RSGs)
Azonal. Group, etc. N
and qualifiers.
Central; soils are . Generally
Uses moisture and excludes
Role of named based on . . )
. . . temperature regimes climate; focuses
Climate climatic zones (e.g., o . .
as criteria. on the soil profile
Tundra). itself

Table 4.3: Comparison of traditional and modern soil classification systems

Fillin the blank: Soil classification helps in predicting soil

planning.

-
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Pilot questions 4.4

1. What are the three categories of traditional soil classification?

2. Fillinthe blank: The USDA system classifies soils into hierarchical levels beginning
with soil .

Name one soil group from the FAO WRB system.

3.
4. Why is soil classification important for agriculture?
5. How do modern classification systems improve upon traditional ones?

Series Summary [Series 4]

This Series introduced the foundations of soil geography, emphasising its meaning,
scope, and importance in geomorphology and human activity. We examined how soils act
as the interface between the lithosphere, atmosphere, hydrosphere, and biosphere,
making them central to agriculture, ecosystems, and settlement. The Series then explored
soil-forming processes, beginning with weathering and pedogenesis, and explained how
horizons develop to form a soil profile.

We analysed the five major factors of soil formation — parent material, climate,
organisms, relief, and time (CLORPT) — showing how their interaction produces diverse
soils worldwide. Finally, we studied soil classification systems, contrasting traditional
zonal, intrazonal, and azonal categories with modern frameworks such as FAO’s World
Reference Base and USDA Soil Taxonomy. By.completing this Series, you should now be
able to define soil geography (SLO 4.1), describe soil-forming processes (SLO 4.2), analyse
the factors of soil formation (SLO 4.3), and explain soil classification systems (SLO 4.4).
These outcomes‘prepare you to connect soils with human development in the next Series.

Glossary of Terms [Series 4]

e ' Azonalsoils: Young or poorly developed soils without distinct horizons, often found
in floodplains or recent deposits.

e CLORPT: Acronym for the five factors of soil formation — Climate, Organisms,
Relief, Parent material, and Time.

e Humus: Decomposed organic matter that enriches soil and improves fertility.

¢ Intrazonal soils: Soils strongly influenced by local factors such as parent material
or relief.

¢ Leaching: The removal of soluble nutrients from the soil by water movement.

e O horizon: The uppermost soil layer composed mainly of organic matter.

« Parent material: The geological material (rock or sediment) from which soil
develops.
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e Pedogenesis: The process of soil development, including horizon formation.

o Relief: The topography of the land, influencing soil depth, drainage, and erosion.

e Soil classification: The systematic grouping of soils based on their properties and
formation.

o« Soil geography: The study of the spatial distribution, characteristics, and formation
of soils across the Earth’s surface.

e Soil horizon: A distinct layer within a soil profile, such as O, A, B, C, orR.

o Soil profile: The vertical sequence of soil horizons from the surface to the bedrock.

o USDA Soil Taxonomy: A modern hierarchical soil classification system used
globally.

« WRB (World Reference Base): FAO’s international soil classification system
recognising major soil groups.

e Zonal soils: Soils formed under the dominant influence of climate and vegetation
zones.

Concept Check Questions [Series 4]
Objective-type questions

1. Soil geography studies the distribution of soils across the Earth’s surface
(Linked to SLO 4.1).
The breakdown of rocks into smaller particles is called (Linked to SLO 4.2).
The process of soil development is called (Linked to SLO 4.2).
The acronym CLORPT stands for (Linked to SLO 4.3).
The USDA system classifies soils into hierarchical levels beginning with soil

(Linked to SLO 4.4).

Oph0Dd

Short-answer questions

6. Define soil geography and explain its importance (Linked to SLO 4.1).

7. Distinguish between mechanical, chemical, and biological weathering (Linked to
SLO4.2).

8. List the five main soil horizons in a typical profile (Linked to SLO 4.2).

9. Explain how climate influences soil formation (Linked to SLO 4.3).

10. State one advantage of modern soil classification systems over traditional ones
(Linked to SLO 4.4).

Long-answer questions

11. Analyse the processes of soil formation, highlighting the role of weathering and
pedogenesis in developing soil horizons (Linked to SLO 4.2).

-
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12. Evaluate the significance of the five factors of soil formation (CLORPT) in shaping
soil diversity worldwide (Linked to SLO 4.3).

13. Compare traditional and modern soil classification systems, discussing their
relevance for agriculture and environmental management (Linked to SLO 4.4).

Objective-type answers

Soil geography studies the spatial distribution of soils across the Earth’s surface.
The breakdown of rocks into smaller particles is called weathering.

The process of soil development is called pedogenesis.

CLORPT stands for Climate, Organisms, Relief, Parent material, and Time.

The USDA system classifies soils into hierarchical levels beginning with soil orders.

aprowb =

Short-answer answers

6. Definition & importance: Soil geography is the study of the distribution,
characteristics, and formation of soils. Itis important because soils link geomorphology
with agriculture, ecosystems, and human settlement.
7. Types of weathering:

e Mechanical: physical breakdown (e.g., frostaction).

e Chemical: alteration of minerals(e.g., hydrolysis).

e Biological: action of organisms (e.g., root penetration).

8. Five horizons: O (organic), A(topsoil), B (subsoil), C (weathered parent material), R
(bedrock).
9. Climate’s influence: Temperature controls chemical reactions and organic

activity; rainfall affects leaching, erosion, and vegetation growth.
10. Advantage of modern systems: They are more precise and globally standardised,
allowing better comparison and management of soils.

Long-answer answers

11. Processes of soil formation: Weathering breaks down rocks into parent material.
Pedogenesis adds organic matter, mixes minerals, and develops horizons through leaching
and accumulation. Together, these processes create soil profiles with distinct layers.
12. Significance of CLORPT:

e Parent material determines mineral composition.

o Climate influences leaching and organic activity.

e Organisms add humus and mix soil.

o Relief affects depth and drainage.

e Time allows horizons to develop.

Their interaction explains global soil diversity.
13. Comparison of classification systems:
e Traditional: broad categories (zonal, intrazonal, azonal), based on climate
and local factors.

rp
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e Modern: detailed, hierarchical (FAO WRB, USDA Soil Taxonomy), based on
measurable properties.
Relevance: Modern systems improve agricultural planning, environmental
management, and global soil comparison.

Answers to Pilot Questions [Series 4]

Answers to Pilot questions 4.1

Soil geography is the study of the spatial distribution, characteristics, and formation
of soils across the Earth's surface.

Spatial

Provide foundation for agriculture; influence vegetation distribution (or: support
ecosystems; affect settlement patterns)

Soils provide the medium for plant growth and nutrients essential for crop
production, connecting physical processes with agricultural practices.

Soil horizons record environmental history and past processes, helping scientists
understand climate change and ecosystem evolution.

Answers to Pilot questions 4.2

Oph0Dd

Weathering is the breakdown of rocks into smaller particles. It produces the parent
material from which soils develop.

Mechanical weathering; chemical weathering, and biological weathering.
Pedogenesis

O horizon,A horizon, B horizon, C horizon, R horizon

The A horizon is rich'inrorganic material and minerals, providing nutrients essential
for plant growth and agriculture.

Answers to Pilot questions 4.3

-

Climate, Organisms, Relief, Parent material, and Time

Parent

Temperature affects rates of chemical reactions and organic activity, while rainfall
influences leaching, erosion, and vegetation growth.

Roots break rocks and add organic material; microorganisms decompose organic

matter into humus (or: animals mix soil layers through burrowing)

Because erosion removes soil materials faster than they can accumulate on steep
slopes.
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Answers to Pilot questions 4.4

Zonal soils, intrazonal soils, and azonal soils

Orders

Ferralsols, Chernozems (or any other valid WRB soil group)

It helps predict soil fertility, guides crop selection, and supports land management
decisions.

5. Modern systems use measurable properties and scientific criteria, allowing for
more precise classification, global standardization, and better soil comparison.

PoOd-

References and Attributions [Series 4]

The following references and attributions cover the sources, suggested open educational
resources (OERs), and Al-generated illustration prompts used.in Series 4: Soil Geography
and Factors of Formation. Entries are presented in APA style for clarity and consistency.

General References

e Dokuchaev, V. V. (1889). Principles of Soil Science. St. Petersburg: Imperial
Academy of Sciences.

e Jenny, H. (1941). Factors of soilformation: A system of quantitative pedology. New
York: McGraw-Hill.

e FAO. (2015). World Reference Base for Soil Resources 2014, update 2015:
International soil classification system for naming soils and creating legends for soil
maps. Rome: FAO.

e Soil Survey Staff. (1999). Soil Taxonomy: A basic system of soil classification for
making and interpreting soil surveys (2nd ed.). Washington, DC: USDA Natural
Resources Conservation Service.

e GarciaPaz, C., & Taboada Rodriguez, T. (2016). Factors of soil formation. In
Encyclopedia of Soil Science. Springer Nature.

e Tamil Nadu Agricultural University. (n.d.). Soil formation factors and processes.
Retrieved from http://www.eagri.org/eagri50/SSAC121/lec05.pdf (eagri.org in Bing)

e Salt Lake Community College Pressbooks. (n.d.). Formation of Soil - Physical
Geography and Natural Disasters. Retrieved from
https://slcc.pressbooks.pub/physicalgeography/chapter/5-2/
(slcc.pressbooks.pub in Bing)

Illustration Attributions

e Figure 4.1: Global soil distribution map
Al-generated prompt: “Generate a labelled map showing global soil distribution

-
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patterns.”
Suggested OER search string: “OER global soil distribution map.”

e Figure 4.2: Weathering processes leading to soil formation
Al-generated prompt: “Generate a labelled diagram showing mechanical, chemical,
and biological weathering leading to soil formation.”

Suggested OER search string: “OER weathering soil formation diagram.”

e Figure 4.3: Pedogenesis and soil horizon development
Al-generated prompt: “Generate a labelled diagram showing soil development and
horizon formation.”

Suggested OER search string: “OER pedogenesis soil horizon diagram.”

e Table4.1: Soil horizons and their characteristics
Al-generated prompt: “Generate a table showing soil horizons (O, A, B, C; R) with
descriptions.”

Suggested OER search string: “OER soil horizons table.”

e Table 4.2: Factors of soil formation and their effects
Al-generated prompt: “Generate a table showing the five factors of soil formation
(CLORPT) and their effects on soil characteristics.”

Suggested OER search string: “OER factors of soil formation table.”

e Table 4.3: Comparison of traditional and modern soil classification systems
Al-generated prompt: “Generate a table comparing traditional soil classification
(zonal, intrazonal, azonal) with modern systems (FAO WRB, USDA Soil Taxonomy).’
Suggested OER search string: “OER soil classification systems table.”

4

Course code: GEO 201
Course title: Introductory Geomorphology and Soil Geography
Course credit load: 2 Units

Series 5: Landforms and Their Role in Human Development

Series Outline

5.1 Interaction between Landforms and Human Settlement

e 5.1.1 Influence of relief on settlement patterns
e 5.1.2 Landforms and urban development

5.2 Landforms and Agriculture

e 5.2.1 Soil fertility and landform types
e 5.2.2Irrigation and drainage influenced by relief

rp
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5.3 Landforms and Transport Routes

¢ 5.3.1 Mountains, valleys, and transport challenges
e 5.3.2 Plains and ease of communication

5.4 Landforms and Resource Exploitation

e 5.4.1 Minerals and geological structures
e b5.4.2\Waterresources and landform control

5.5 Hazards and Management

¢ 5.5.1 Natural hazards linked to landforms (floods, landslides, earthquakes)
¢ 5.5.2 Human adaptation and landform management strategies

Introduction

Landforms are more than physical features; they are the stage upon which human
societies develop. Relief shapes where people settle, how they farm, the routes they travel,
and the resources they exploit. At the same time, landforms present hazards such as
floods, landslides, and earthquakes, requiring adaptation and management.

This Series explores the dynamic relationship between landforms and human
development. We begin with settlement patterns, then examine agriculture, transport, and
resource exploitationsFinally, we consider hazards associated with landforms and
strategies for managing them.

Series Learning Outcomes (SLOs)

By the end of this Series, you should be able to:

e SLOB5.1: Explain how landforms influence human settlement and urban
development.

e SLO5.2: Analyse the role of landforms in agriculture.

e SLO5.3: Discuss how landforms affect transport and communication.

e SLO 5.4: Evaluate the relationship between landforms and resource exploitation.

e SLO5.5: Assess hazards linked to landforms and strategies for management.
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5.1 Interaction between Landforms and Human Settlement

5.1.1 Influence of relief on settlement patterns
Relief (the shape and elevation of the land) strongly influences where people live:

o Plains: Flat terrain encourages dense settlements, agriculture, and infrastructure
development.

e Mountains: Steep slopes and poor accessibility lead to sparse settlements:

o Coastal areas: Attract concentrated settlements due to fishing, trade, and
transport.

¢ River valleys: Fertile soils and water supply support clustered settlements.

MAJOR SETTLEMENT PATTERNS BY LANDFORM

1. PLAINS 2. MOUNTAINS
(Nucleuted & Dispersed) (Linear & Isolated)

MONSTERY/FORTRESS

<
LINEAR SETTLISMENT

ISOLATED HAMLETS

o 10IAZTS

3. COASTS 4. RIVER VALLYES
(Coastal & Harbour) (Ribbon & Confuence)

NATURAL HARBOR CITY

LINEAR BEACH RESORT MARRET TOWN

=
g 7‘3‘»

9-’—"'

LEGEND
[[] Buldings Ml Roads [ | River [] Farms Y

Figure 5.1: Settlement patterns influenced by relief

Fillin the blank: Flat plains often support settlements due to ease of farming and
construction.

-
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5.1.2 Landforms and urban development
Urban development is shaped by landforms:

* River-based cities: Water supply, transport, and fertile soils (e.g., Cairo, L.ondon).

¢ Mountain valleys: Towns develop due to shelter and mineral resources (e.g.,
Denver).

e Coastalcities: Thrive on trade, ports, and fishing (e.g., Lagos, New York).

-
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HOW LANDFORMS INFLUENCE URBAN DEVELOPMENT

We out co anlbctuet you londfem, Csir the In draarath a nouiden the bst solide wini maforbs the dtuut the have
the the caveing laspanstro ulrin to this sst the Puce ass sarler ond inth eading for enaling Ireops.

1. River Cities: The Linear & Deltaic Form

« Linear pattern
Transport corridors

« Transport corridors

+ Seasonal flooding
Vous perte roblafurerwiet siser

2. Mountain Cities: The Constrained & Vertical Form

» Fragmnted or elongated
development
Caver cars towd entet suer

« Cable cars
Vous pare ste cup:tunviet siter

3. Coastal Cities: The Edge & Edge

& Gateway Form « Semi-circularly

» Fragmented or fur » Maritime trade, Martime &
development CBD

« Landlssides + Sea-level rise
Vous peve fadoretrteit siser Vous pane: siualeralet siter

'F oerer oasl the pade thun chis tove in sfred to walag blisttiont. The erte ra an coradiert. The eniclustoin he
,‘ hanall cansec tn the fouhed M auot inaldvenaip. Ms the Ipay bas hesnphtouek. Declot ncary fedisuthat fous
in esortingt.

Source: Open Educational Resources

Box 5.1: Landforms and urban development

FilLin the blank: Cities often develop along due to water supply and transport.
Pilot Questions 5.1

How do plains influence settlement patterns?

Fillin the blank: Cities often develop along due to water supply and
transport.

3. Why are mountainous areas sparsely populated?

4. Give one reason coastal areas attract dense settlements.

N —
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5. How do landforms shape urban development?

5.2 Landforms and Agriculture

5.2.1 Soil fertility and landform types
Landforms influence soil fertility and agricultural productivity:

e Volcanic regions - fertile soils rich in minerals (e.g., Java, Hawaii).
e Floodplains »> nutrient-rich soils from river deposition.

o Steep slopes ~> poor soils due to erosion and shallow depth.

e Plateaus > mixed fertility depending on parent material.

Tinal Landform Main Occupation
Kurinji Mountainous regions Hunting and gathering
Mullai arassland and forests Cattle rearing
Marudam Fertile agricultural plains Farming

MNeydal Coastal region Fishing and seafaring
Palai Desert regicn Journeying and fighting

Figure 5.2: Agricultural productivity across landform types

Fillin the blank: Volcanic regions often have soils that support intensive
agriculture.

5.2.2 Irrigation and drainage influenced by relief
Relief affects water management in agriculture:

¢ Plains > easy irrigation and drainage systems.
e Valleys > naturalirrigation channels from rivers.
« Highlands - terracing to control water flow and reduce erosion.

-
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e Arid basins - irrigation schemes essential for productivity.

Drainage Challenges &

Landform Irrigation Practices Solutions
Flood or Pivot Irrigation: Waterlogging: Lack of natural
Plai Vast, flat areas allow for large- slope causes water to sit. Sub-
ains , . :
scale sprinkler systems or surface pipes or deep ditches are
controlled flooding of fields. used to lower the water table.
_Gra_wty-Fed Chqnnels: Water Sedimentation: Runoff.from
is diverted from rivers or .
) . surrounding slopes can clog
Valleys streams at higher elevations . .
. drains. Silt traps and regular
and flows down into the valley d . .
floor. redging are commeon practices.
Terracing & Drip Irrlgatlon: Soil Erosion;: Rapid water
Slopes are carved into steps to .
. o : movement can wash away topsoil.
Highlands | hold water. Drip lines deliver . 9
: Retaining walls and contour
water directly to roots to . .
plowing help slow down drainage.
prevent runoff.
Box 5.2: Irrigation and drainage across landforms
Fillin the blank: Terracingis usedin regions to control water flow and reduce
erosion.

Pilot Questions 5.2

Sy A

-
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Why are volcanic soils fertile?

Fillin the'blank:Terracingis used in
How do floodplains support agriculture?
What challenges do steep slopes present for farming?
How does relief influence irrigation practices?

regions to control water flow.




5.3 Landforms and Transport Routes

5.3.1 Mountains, valleys, and transport challenges

Landforms determine transport routes and accessibility:
e Mountains > barriers to transport, requiring tunnels, passes, or winding roads.
« Valleys - natural corridors for roads, railways, and rivers.
¢« Plateaus - transport routes often follow flat surfaces but face escarpment

challenges.

Fillin the blank: Mountains act as natural to transport and communication.

5.3.2 Plains and ease of communication
Plains provide the most favourable conditions for transport:

e Easyconstruction of roads, railways; and airports.
o Facilitate trade and communication networks.
e Support dense population centres with integrated transport systems.

-
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MAJOR TRANSPORT ROUTES & TERRAIN

RIVER VALLEY &
MOUNTAINS AR

MOUNTAIN
HIGHWAY

Source: Open Educational Resources

Qﬁa ort routes influenced by landforms
Fillin the bl ys o serve as natural for transport routes.
ountains barriers to transport?
the blank: Valleys often serve as natural for transport routes.
o plains facilitate communication?

Give one engineering solution to transport challenges in mountains.
hy are airports often located on plains?
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5.4 Landforms and Resource Exploitation

5.4.1 Minerals and geological structures
Landforms determine the distribution and accessibility of mineral resources:

¢ Mountains - rich in minerals such as coal, iron, gold, and copper due to tectonic
activity.

e Plains » sedimentary basins often contain oil and natural gas reserves.

¢ Plateaus > may host bauxite and other minerals.

e Coastal areas ~ provide salt and sand resources.

Fillin the blank: Sedimentary basins in plains often contain reserves of and
natural gas.

5.4.2 Water resources and landform control
Landforms also influence water resource availability.and exploitation:

¢ Rivers ~> hydroelectric power generation.

¢ Valleys - suitable for reservoirs and dams.
o Coastal zones - fisheries'and aquaculture.
o Glacial regions > freshwater storage in ice.

-
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MAJOR LANDFORMS AND
ASSOCIATED RESOURCES

MAJOR LANDFORM
TYPE

TYPICAL ASSOCIATED
NATURAL RESOURCES

MOUNTAINS

Metallic Minerals (Gold, Silver, Copé¢r,

Coal, Timber, Hyedotumic Power

PLAINS & PLATEAUS

Feritle Soil (Agriculture),
Oil & Natural Gas, Uranium,
Iron Ore

RIVER VALLYES &
DELTAS

Freshwsater,
Alluival Soil, Sand &
Gravel, Fish

SHELVES

COASTS & CONTINENTAL

Fisheries, Ofhsore Oil & Gas, Salt,

Wind Energy

Source: Open Educational Resources

Table 5.1: Landforms and.associated resources

Fillin the blank: Rivers in valleys are often dammed to produce power

Pilot Questions 5.4

S e

5.5 Hazards and Management

Name two resources associated with mountains.

Fillin the blank: Rivers in valleys are often dammed to produce
How do plains contribute to oil and gas reserves?

Why are coastal areas important for fisheries?

How do landformsiinfluence resource exploitation?

5.5.1 Natural hazards linked to landforms

Landforms are closely associated with natural hazards:

¢ River valleys - prone to floods due to heavy rainfall and overflow.
¢ Mountains - landslides triggered by steep slopes, deforestation, or earthquakes.
e Coastal areas ~> vulnerable to tsunamis, cyclones, and storm surges.
¢ Tectonic zones > earthquakes and volcanic eruptions.

power.
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Fillin the blank: Landslides are common in regions due to steep slopes and
instability.

5.5.2 Human adaptation and landform management strategies
Communities adopt strategies to reduce risks from landform-related hazards:
¢ Flood control - levees, dams, and flood forecasting systems.
o Landslide prevention - terracing, afforestation, and slope stabilization.

o Earthquake management > earthquake-resistant buildings and zoning regulations.
o Coastal protection > seawalls, mangrove restoration, and evacuation planning.

Landform . .
Context Primary Hazards Key Management Strategies
Structural: Levees, dams, and
channelization.
. Floods: Overflow of river
River Valleys .
. banks due to heavy rain or
/ Plains snowmelt
| Non-structural: Floodplain
zoning, early warning systems,
and wetland restoration.
Structural: Retaining walls,
drainage pipes, and slope
terracing.
. Landslides: Mass wasting of
Mountains / :
rock or soil. downslope (falls,
Slopes slides, flows)

’ ’ Non-structural: Hazard
mapping, reforestation to bind
soil, and restricted development
on steep slopes.

Structural: Seismic retrofitting
and "earthquake-proof" building
codes.
. Earthquakes: Sudden crustal
Tectonic : .
. shaking that causes building
Boundaries collapse and liquefaction
P 9 ' Non-structural: Public

education drills, land-use
planning away from fault lines,
and seismic sensors.

-
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Landform . .
Context Primary Hazards Key Management Strategies
Structural: Seawalls, groynes,
and tsunami barriers.
Coastal Erosion / Tsunamis:
Loss of land to waves; sudden
Coasts . .
inundation from undersea .
. Non-structural: Managed
seismic events. .
retreat (moving inland),
mangrove conservation, and
tsunami sirens.
Box 5.2: Hazards and management strategies
Fillin the blank: Earthquake-resistant are a key adaptation strategy in tectonic
Zzones.

Pilot Questions 5.5

What hazards are common inriver valleys?

Fillin the blank: Earthquake-resistant are a key adaptation strategy.
How can vegetation reduce landslides?

Name one flood control measure.

Why is hazard managementimportant in landform regions?

oK

Series Summary [Series 5]

This Series explored the vital relationship between landforms and human development.
We. began with settlement patterns, showing how plains, mountains, coasts, and river
valleys shape where people live and how cities grow. We then examined agriculture,
highlighting how volcanic soils, floodplains, and terracing in highlands influence farming
practices and irrigation.

Next; we studied transport routes, noting how mountains act as barriers, valleys serve as
natural corridors, and plains facilitate communication and infrastructure. We analysed
resource exploitation, linking mountains to minerals, plains to oil and gas, valleys to
hydroelectric power, and coasts to fisheries. Finally, we addressed hazards such as
floods, landslides, earthquakes, and coastal storms, alongside management strategies
like levees, afforestation, earthquake-resistant buildings, and coastal protection.

-
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By completing this Series, you should now be able to explain how landforms influence
settlement (SLO 5.1), agriculture (SLO 5.2), transport (SLO 5.3), resource exploitation (SLO
5.4), and hazard management (SLO 5.5).

Glossary of Terms [Series 5]

e Aquaculture: The farming of aquatic organisms such as fish and shellfish, often in
coastal zones.

o Earthquake-resistant buildings: Structures desighed to withstand seismic activity
in tectonic regions.

e Escarpment: A steep slope or cliff formed by erosion or faulting, often'affecting
transport and settlement.

e Floodplain: Flat land adjacent to rivers, prone to flooding but fertile for agriculture.

e Hydroelectric power: Electricity generated from flowing water, commonly
produced in river valleys and dams.

¢ Landslide: The rapid downward movement of soil, rock; or debris on steep slopes.

¢ Levee: Araised embankment built along rivers to prevent flooding.

« Plateau: Elevated flat land that may host settlements, agriculture, or mineral
resources.

¢ Relief: The variation in elevation and slope of the land surface.

o Sedimentary basin: A low-lying area where sediments accumulate, often
containing oil and gas reserves.

¢ Terracing: Farming method on slopes that reduces erosion and controls water flow.

« Tsunami: A large seawave caused by underwater earthquakes or volcanic activity,
affecting coastal settlements.

o Valley corridor: A natural route through valleys used for transport and
communication.

e Volcanic soil: Fertile soil formed from volcanic ash and lava, rich in minerals.

Concept Check Questions [Series 5]

Objective-type questions

1., Flat plains often support settlements due to ease of farming and
construction (Linked to SLO 5.1).

2. Volcanic regions often have soils that support intensive agriculture (Linked
to SLO 5.2).

3. Valleys often serve as natural for transport routes (Linked to SLO 5.3).
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4. Sedimentary basins in plains often contain reserves of and natural gas
(Linked to SLO 5.4).

5. Earthquake-resistant are a key adaptation strategy in tectonic zones
(Linked to SLO 5.5).

Short-answer questions

6. Explain how relief influences settlement patterns (Linked to SLO 5.1).

7. Why are volcanic soils considered fertile? (Linked to SLO 5.2).

8. How do plains facilitate transport and communication? (Linked to SLO 5.3).

9. State two resources commonly associated with mountain regions (Linked to SLO
5.4).

10. Give one strategy used to manage floods in river valleys (Linked to SLO.5.5).

Long-answer questions

11. Analyse the role of landforms in shaping agricultural practices, with examples from
volcanic regions, floodplains, and highlands (Linked to SLO 5.2).

12. Discuss how landforms influencetransport routes, comparing mountains, valleys,
and plains (Linked to SLO 5.3).

13. Evaluate the relationship between landforms and resource exploitation, highlighting
minerals, water, and fisheries (Linked to SLO 5.4).

14. Assess the hazards linked tolandforms and explain strategies communities adopt
to manage them (Linked to SLO 5.5).

Answers to Concept Check Questions [Series 5]

Objective-type answers

1. rural

2. volcanic
3. -corridors
4. oil

5. buildings

Short-answer answers

6. Relief influences settlement patterns by determining the suitability of land for
building and farming; flat areas are preferred for settlements due to easier construction
and agriculture.

7. Volcanic soils are considered fertile because they contain minerals and nutrients
from volcanic ash that enrich the soil.

-
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8. Plains facilitate transport and communication by providing flat, unobstructed
routes that are easier to build roads and railways on.

9. Two resources commonly associated with mountain regions are minerals and
timber.

10. One strategy used to manage floods in river valleys is the construction of levees or
embankments.

Long-answer answers

11. Landforms play a crucial role in shaping agricultural practices. Volcanic regions
have fertile soils from volcanic ash, supporting intensive farming of crops like coffee and
tea. Floodplains provide nutrient-rich alluvial soils ideal for growing rice and other water-
intensive crops. Highlands often have terraced farming to adapt to steep slopes and
prevent soil erosion, as seen in the Andes and Himalayas.

12. Landforms influence transport routes significantly. Mountainsoften act as barriers,
requiring tunnels or winding roads, which increase travel time and cost. Valleys serve as
natural corridors for roads and railways, facilitating easier movement. Plains offer flat
terrain that supports the development of extensive transport networks, including highways
and rail lines.

13. The relationship between landforms and resource exploitation is evident in the
distribution of minerals, water, and fisheries. Mountains are rich in minerals like gold and
copper, attracting mining activities. Rivers and lakes provide freshwater resources
essential for drinking, irrigation,@nd hydroelectric power. Coastal plains and estuaries
support fisheries, which are vital for local economies.

14. Hazards linked to landforms include earthquakes, floods, landslides, and volcanic
eruptions. Communities adopt strategies such as building earthquake-resistant
structures, constructing flood defenses, implementing early warning systems, and
practicing land-use planning to reduce risk and enhance resilience.
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Illustration Attributions

o Figure 5.1: Settlement patterns influenced by relief
Al-generated prompt: “Generate a labelled diagram showing settlement patterns on
plains, mountains, coasts, and river valleys.”
Suggested OER search string: “OER settlement patterns landforms diagram.”

e Box5.1: Landforms and urban development
Al-generated prompt: “Create a text box summarising how landforms influence
urban development (river, mountain, coastal cities).”
Suggested OER search string: “OER landforms urban development case study.”

e Figure 5.2: Agricultural productivity across landform types
Al-generated prompt: “Generate a labelled diagram showing farming on volcanic
regions, floodplains, plateaus, and steep slopes.”
Suggested OER search string: “OER agriculture landforms diagram.”

e Box5.2: Irrigation and drainage across landforms
Al-generated prompt: “Create a text box summarising irrigation and drainage
practices in plains, valleys, and highlands.”
Suggested OER search string: “OER irrigation landforms case study.”

e Figure 5.3: Transport routes influenced by landforms
Al-generated prompt: “Generate a labelled diagram showing transport routes
across‘mountains;valleys, and plains.”
Suggested OER search string: “OER transport landforms diagram.”

e _Jable 5.1: Landforms and associated resources
Al-generated prompt: “Generate a table showing landforms (mountains, plains,
valleys, coasts) and resources (minerals, oil, water, fisheries).”
Suggested OER search string: “OER landforms resources table.”

e Box5.2: Hazards and management strategies
Al-generated prompt: “Create a text box summarising hazards linked to landforms
and management strategies (floods, landslides, earthquakes, coasts).”
Suggested OER search string: “OER landform hazards management case study.”
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