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PREFACE

A WORD OF WELCOME

17We wish to welcome you in the Department of Environmental Sciences, and specifically to 
this introductory Geology module. In this module, we not only study various characteristics 
of the Earth, but we also place them in the larger context of a geosystem. Studying 
unifying theories such as that of plate tectonics is very exciting. Afterwards you can apply 
your new knowledge of the different Earth components and processes by including it in 
overarching theories, thus gaining an understanding of how everything comes together 
interactively on a global scale. Apart from the fact that this module constitutes your 
foundation for further studies in the Earth sciences, it also contains knowledge which 
you can apply in your everyday life and the Earth you inhabit. This may even induce you 
to come to the conclusion that the environment of the Earth is wonderful and precious 
enough to respect.

18Your lecturer will provide you with the necessary guidance to achieve the outcomes of 
this module, but you in turn will have to put in the effort to master the work. You are 
welcome to contact your lecturer if you should experience any problems in the course 
of your studies for this module.

CONTACT PERSON

19Please contact the relevant lecturer about academic queries – preferably by e-mail, post 
or telephone, during office hours.

20Lecturer for the Geology module GEL1503:

21Mr M Jordaan
22Tel.: (011) 471-3222
23e-mail: jordam@unisa.ac.za

24The Unisa Department of Environmental Sciences is based at the Florida Campus of Unisa.

RATIONALE

25New technologies such as GPS use satellites to measure the changing distances between 
continents over time, and computers are used in the interpretation of seismological 
observations of earthquakes and other environmental data. From this knowledge, various 
theories about the interior of the Earth, volcanic eruptions and other geological events 
are formed. Geology not only integrates several of its own subdisciplines of knowledge 
into the single theory of plate tectonics, it also interacts with various other fields of 
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study in creating a complete overview of the environment. The flow of rivers, dolomite 
subsidence, and mass movements are examples of geological phenomena which can 
be described geographically, and which have an economic impact on society. For the 
student of the environment, it is of the utmost importance to be able to understand, 
describe and apply the geology on which his/her different subject disciplines are based. 
This module, GEL1503, presents basic geology from an environmental perspective.

PREREQUISITES

26None.

STUDY MATERIAL

Prescribed books

 • This study guide for GEL1503: Environmental Geology (the abbreviation we shall be 
using when referring to this study guide, is SG).

 • Grotzinger, J & Jordan, TH. 2010. Understanding�Earth. 6th edition. Freeman: New 
York. 652 pp. ISBN 13-978-114292-1951-8. (We shall refer to this book as UE-6.)

Recommended books

 • Montgomery, CW. 2003. Environmental�geology. 6th edition. New York: McGraw-Hill. 
554 pp. ISBN 0-07-366195-3.

 • Skinner, BJ & Porter, SC. 2000. The�dynamic�Earth:�an�introduction�to�physical�geology. 
New York: John Wiley. 575 pp. ISBN 0-471-16118-7.

 • Bates, RL & Jackson, JA (eds). 1987. Glossary�of�geology. Alexandria: American Geological 
Institute. Va. 788 pp. ISBN 0-913312-89-4. (We shall refer to this book as BJ3.)

HOW TO USE THE STUDY GUIDE

27Because the module GEL1503 deals with the theoretical aspects of Environmental 
Geology, no practical work has been included in the module. Practical work that has a 
bearing on this module will be done in module GEL1502.

28The purpose of this study guide is to guide you through the learning content of GEL1503, 
as covered by selected sections in the prescribed textbook. The following are guidelines 
to help you find the relevant, prescribed sections in the textbook and to do the learning 
activities. The recommended books are not prescribed, but may be used as additional 
sources or as a similar source if the primary prescribed book is not available.

29
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30Abbreviations used in this study guide:

 • UE-6 refers to the prescribed book Understanding�Earth, 6th edition, as mentioned 
above.

 • SG refers to this study guide for GEL1503.
 • Page references are indicated as follows: p 5, for instance, refers to page 5, and 

pp 6–9 to pages 6 to 9.
 • Reference to figures and tables will be made in the following form: fig 4.4 will refer 

to figure 4.4, and tab 5.5 will refer to table 5.5. 

31Study the outcomes of the various levels of the SG (module, study unit, study section) 
very carefully. The MODULE PLAN gives a general overview of the geology themes you 
will study.

32The icons used in the SG indicate sets of consecutive study activities to be performed in 
conjunction with your studies of the prescribed themes in the textbook. You must have 
done these activities with a view to achieving the outcomes by the time you have completed 
your studies. We will provide you with an explanatory list of the icons.

33The layout of the study guide is roughly as follows:

 • A selection�of�chapters�in�UE-6 that form a general theme like "surface processes" have 
been grouped together to form a study unit in the SG. A chapter�in�UE-6 corresponds 
to a study section in the SG. Each study section is subdivided to correspond with a 
selection of subtitles in the chapter in UE-6.

 • For easy navigation and a quick overview of the contents, a table of contents of the 
different themes covered in a chapter is given at the beginning of each study section, 
as well as a general overview of the learning content of the study section. 

 • The objective that appears in blue print on the first page of each chapter in UE-6 
was used as the outcome of each individual study section. The outcomes will be 
explained in more detail in the introductory paragraphs of the various study sections.

 • You must be able to reproduce the figures (in UE-6) prescribed in the SG neatly, in 
monochrome (pencil or pen). This must be done in a simple way, focusing on the 
point of the question. You may draw the three-dimensional (3-D) figures in UE-6 in 
two dimensions (2-D). It is important to know the captions/labels, as they explain 
the concepts shown in the diagrams, and can also serve as answers to questions or 
summaries.

 • The tables show facts and descriptions in a structured way. Figures integrate bits 
of knowledge into a system, a process, or a theoretical model. Some of these are 
specifically prescribed in the SG, with instructions.

 • Key terms and concepts are listed with page references at the end of each study 
section to help you review and test your understanding. Special attention is paid to 
some of them under the revision icon at the end of the study sections.
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 • A selection of terms is listed alphabetically in the glossary at the back of UE-6. Use 
it frequently.

 • At the end of each study section in the SG there is a summary of the topics that 
were covered. These summaries provide an overview of what was discussed and, 
in some instances, provide feedback on questions. These summaries also act as a 
revision tool.

 • The SG prescribes some of the exercises at the end of the chapters in UE-6 as 
learning activities. A thought question from UE-6 may appear under the application 
icon in a study section.

�• Earth�issues and Earth�policy are boxed features in UE-6. The themes of environmental 
awareness, scientific methods and the uses of technology in the Earth sciences are 
dealt with so that you can relate geological phenomena to human activities.

HOW TO STUDY

34Distance education is based on self-study. You are, however, encouraged to contact your 
lecturer if necessary.

35You know your own circumstances. It is your own responsibility to arrange study time 
for yourself so that you will be able to master the study units. The instructions given in 
the study guide (under the study icon) demarcate the work to be studied and suggest 
how the information may be mastered. You may be instructed to read/study something 
carefully or thoroughly, or to simply scan/read quickly through the work (to read some-
thing cursorily) to gain background knowledge on something.

36If you understand the concepts in a section and can apply them, you will also find them 
easy to remember. If you study each section purposefully and methodically, you will 
eventually be able to fit the consecutive sections into the larger framework of the study 
section, study unit and module. In each case, you will achieve outcomes that will contribute 
to the achievement of the overall outcomes, and finally, the module outcomes – the latter 
being your reason for studying this module in geology.

37You have to test yourself against each learning outcome given in the study guide. This is 
part of the cyclical learning process used throughout the study guide. The lecturer will 
mark and evaluate your assignments and examination papers and give you feedback 
on them. The marked assignments, memorandums and your own summaries should 
form part of your preparation for the examination.

38Tutorial Letter 101 accompanies this study guide. It contains the two sets of assignments, 
together with their due dates, as well as other relevant information on your studies. The 
purpose of Tutorial Letter 101 is to keep the study guide updated, and to help you draw 
up your study programme and refine your study methods. Use the tutorial letter in con-
junction with the study guide.
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EVALUATION

39You must answer the questions that appear throughout the guide under icons like "(indi-
vidual) exercise", "test your knowledge/understanding" and so forth, yourself. Do so by 
following the instructions and referring to the relevant sources or the tips/hints that are 
given to help you. This will be your way of continuously checking your own knowledge 
and understanding. No marks are awarded for these questions.

40Assignments to be assessed for credit and examination admission will be given in Tutorial 
Letter 101 for this module.

41You will write one examination paper of two hours in May/June for semester 1 or one 
examination paper of two hours in October/November for semester 2, the dates of which 
you will find on the timetable in the Unisa Calendar. The date, time and location will 
be confirmed in writing during April for semester 1 and in September for semester 2. A 
minimum mark of 50% is required to pass the examination.

STUDY ICONS

42

43Estimated study time

44

45Important information

46

47Outcomes

48

49General overview

50

51Introductory remarks

52

53Study/Read the indicated 
material in the textbook/
article, etc

54

55Application

56

57Individual exercise/Activity

58

59Key terms and concepts

60

61Answers/Solutions/
Feedback

62

63Summary of main points/
notes

64

65Revision
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ACTION WORDS
67You may have to read/study a section of work carefully/thoroughly (for examination pur-
poses), or you will be instructed to just glance through the work/read the work cursorily 
(for background knowledge). Questions/instructions are phrased in a particular manner 
in outcomes, exercises, assignments, tests and the examination. The following verbs may 
be used:

68Read carefully, study 
thoroughly

69Read/study thoroughly in order to achieve the 
outcomes and be able to write an examination on 
them.

70Take note, read cursorily 71Read through the work for background knowledge 
only, and to take note of the contents only – not for 
examination purposes.

72Describe 73Write down the characteristics/properties of something 
in a logical, well-structured manner.

74Discuss 75Investigate and present the different aspects of the 
matter or statement in an analytical manner.

76Compare 77When comparing two or more issues, the similarities 
and differences must be pointed out. You should not 
first discuss one matter, and then the other. Compari-
sons are usually made in the form of a table.

78Identify 79Write down the essential features of an issue.

80Criticise 81Point out the pros and cons after considering the facts 
and/or viewpoints.

82State 83Give the information without discussion or criticism.

84Evaluate 85Make a value judgement based on certain points of 
departure/premises or criteria.

86Name 87Write down point by point – nothing more.

88Explain 89Make it clear by putting it in simple terms so that the 
reader will be able to understand it. Make use of de-
scriptions, examples or illustrations.

90Differentiate 91Highlight the particulars that distinguish one issue 
from another.

92Summarise (give an 
overview)

93Write down the main points of the whole matter, 
retaining the essence.

94Analyse 95Separate the parts or elements and explain.

96Substantiate (give reasons) 97Give the reasons for the statements you make.

98Define 99Name the essential characteristics that describe/are 
typical of a certain term/concept.

100Tabulate 101Compare by using a table.



1x

2ENVIRONMENTAL GEOLOGY

102Other important instructions in the evaluation of geology are:

103Make a sketch 104Make a drawing that indicates the different parts of a structure. 
A labelled sketch is usually required.

105Make a line drawing 106Make a drawing that indicates only the outlines/borders of 
different parts/regions, without indicating the morphology of 
each part. A labelled line drawing is usually required.

107Give a diagrammatic  
presentation

108Compile a scheme of drawings, indicating the different stages 
or steps like the figures in the textbook.

109Make a 2-D drawing 110Make a two-dimensional drawing which depicts the main idea/ 
core issue (usually portrayed in a three-dimensional figure in 
the textbook).

MODULE PLAN

112STUDY UNIT 1:

113THE EARTH SYSTEM

114Study section 1.1 115The Earth system

116Study section 1.2 117Plate tectonics – the unifying theory

118Study section 1.3 119Earth materials – minerals and rocks

120Study section 1.4 121What are rocks?

122Study section 1.5 123Earth issues relating to the Earth system

124STUDY UNIT 2:

125INTERNAL EARTH 
PROCESSES

126Study section 2.1 127Deformation – modification of rocks by 
folding and fracturing

128Study section 2.2 129Earthquakes

130Study section 2.3 131Exploring Earth's interior

132Study section 2.4 133Earth issues relating to internal Earth 
processes

134STUDY UNIT 3:

135EXTERNAL EARTH 
PROCESSES

136Study section 3.1 137Weathering, erosion and mass wasting

138Study section 3.2 139The hydrologic cycle and groundwater

140Study section 3.3 141Streams – transport to the oceans

142Study section 3.4 143Winds and deserts

144Study section 3.5 145Glaciers – the work of ice

146Study section 3.6 147Coastlines and ocean basins

148Study section 3.7 149Landscape development

150Study section 3.8 151Earth issues relating to external Earth 
processes
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TIME SCHEDULE

153You should therefore be able to master the learning contents in 120 hours.

154The due dates for the submission of the two assignments are given in Tutorial Letter 101 
of this module, and are usually in the months of March and April (first semester) August 
and September (second semester). The lecturer then marks the assignments and the 
marks are submitted to Unisa at the end of April (first semester) and September (second 
semester), at the very latest, for examination entry to be determined. The examination 
is usually written in May/June (first semester) and October/November (second semester)

155Draw up a time schedule or study programme for yourself, taking the above dates into 
account. Do so in such a way that you will work on the learning activities in this study 
guide on a regular basis. It is essential for you to discipline yourself to keep to your study 
programme and to work regularly.

MODULE OUTCOMES

156On completion of this module, you should be able to

 • demonstrate your understanding of the Earth as a system consisting of interrelated 
subsystems, such as the climate and plate tectonic systems

 • relate the internal processes of the Earth (such as mantle convection, the mechanism 
of energy transfer) to their external surface manifestations (such as the motion of 
tectonic plates)

 • apply the plate tectonic theory (which describes the motion of plates) as a unifying 
theory that explains many geological phenomena and processes

 • demonstrate an understanding of the surface processes that take place in and on 
the Earth's crust, such as mass wasting, and the transport of materials to the oceans 
via streams

 • demonstrate a basic knowledge of research methodologies (to solve problems) and 
the writing of feedback reports

 • react to ethical questions regarding human activities and the impact they have on 
the Earth as a system

157
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THE EARTH SYSTEM
1611

162 The time scheduled for this study unit is 33 hours.

163 This study unit is based on chapters 1 to 3 of UE-6.

Learning outcomes

164On completion of this study unit, you should be able to

 •  demonstrate an understanding of the origin and development of the 
Earth

 •  demonstrate your knowledge of the various components of the Earth 
system

 • explain the mechanism of the movement of tectonic plates
 •  demonstrate your knowledge of the role of minerals in formation of the 

different types of rock
 • explain the rock cycle in terms of the Earth system processes
 • express your opinion on the scientific code of conduct
 • interpret information in its context and apply it to solve problems

165
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OVERVIEW OF THIS STUDY UNIT

166Study unit 1 comprises the following study sections:

167� PAGE

168STUDY SECTION 1.1:  THE EARTH SYSTEM   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3
1691.1.1 Earth’s shape and surface   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   4
1701.1.2 Early Earth: formation of a layered planet   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   4
1711.1.3 Earth as a system of interacting components   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   6
1721.1.4 Revision and application   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   7

173STUDY SECTION 1.2:  PLATE TECTONICS – THE UNIFYING THEORY   . . . . . . . . . . . . . . . . . . .   8
1741.2.1 The discovery of plate tectonics   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   9
1751.2.2 The plates and their boundaries   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   9
1761.2.3 Rates of plate movement   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   11
1771.2.4 The grand reconstruction of the ancient land mass of Pangaea   . . . . . . . . . . . .   12
1781.2.5 Mechanisms that drive plate tectonics   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   12
1791.2.6 Revision and application   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   13

180STUDY SECTION 1.3:  EARTH MATERIALS – MINERALS AND ROCKS   . . . . . . . . . . . . . . . . .   15
1811.3.1 What are minerals?   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   16
1821.3.2 The atomic structures of minerals   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   16
1831.3.3 Rock-forming minerals   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   18
1841.3.4 Physical properties of minerals   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   19
1851.3.5 Revision and application   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   20

186STUDY SECTION 1.4:  WHAT ARE ROCKS?   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   22
1871.4.1 Igneous rocks, sedimentary rocks and metamorphic rocks   . . . . . . . . . . . . . . . .   23
1881.4.2  The rock cycle: interactions between the plate tectonic and  

climatic systems   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   24
1891.4.3 Revision and application   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   25

190STUDY SECTION 1.5:  EARTH ISSUES RELATING TO THE EARTH SYSTEM   . . . . . . . . . . . .   28
1911.5.1 Earth issues: the scientific method and technology   . . . . . . . . . . . . . . . . . . . . . . . . .   29

192
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193Study section 1.1

The Earth system

194 The time scheduled for this study section is eight (8) hours.

Learning outcomes

195On completion of this study section, you should be able to

 •  demonstrate an understanding of the Earth as a planet in a system of 
planets

 • describe the formation of the Earth as an internally layered planet
 • describe the main components of the Earth system and their interactions
 •  demonstrate your knowledge of how humankind's ethical norms are 

applied in the scientific method
 • interpret facts and apply them in your reasoning

196 General overview of learning content

 ª This study section is based on chapter 1 of UE-6, pages 1–23.

 • The following three themes referred to in the scheme (table of contents) on page 1 
in UE-6 will be discussed: Earth’s shape and surface; discovery of a layered Earth and 
the Earth as a system of interacting components. As application, the ethical conduct 
of professional scientists will be discussed.

 • The outcome of this study section is to introduce you to the scientific method as 
the means by which geologists study the Earth.

 ☞ Page through chapter 1 of UE-6 and look at some of the figures and captions to see 
what the themes are about. Use the outline, the introduction and the outcome on 
pages 1 and 2 for a good overview. The outcome of chapter 1 of UE-6 is printed in 
bold blue letters on page 1 and 2.
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 ☞ The most important aspects of this study section are included in the summary on 
page 21 of UE-6. Read through it to get an overview of the most important issues 
in a nutshell.

197 Introductory remarks

198The Earth may be regarded as a unique planet, the home of more than a million forms 
of life. No other planet with the same delicate balance of conditions crucial to life has as 
yet been discovered. This study section deals with the most widely accepted scientific 
explanation for the formation and constant changing of the Earth. A concept in geology 
that we, with our limited understanding, find difficult to appreciate is geological time. 
Geologists calculate the age of the Earth at approximately 4 530 million years. Live cells 
started to develop about 3 500 million years ago, yet the origin of humankind dates 
back but a few million years – a mere hundredth of 1 per cent of the Earth's existence.

1.1.1  Earth's shape and surface

199 Introduction

200This section is for background knowledge only.

 • The planet Earth, which we study in Geology today, came into existence in some manner 
together with other planets and stars and has developed into its current composition 
and structure. However, the limitations of science have thus far only allowed us to 
form hypotheses (conjectures) about the originating processes of the universe.

 • After reading chapter 1 in UE-6, which is about the origin of our system of planets, 
you should, for instance, know what a dense point mass is, what planetesimals are, 
and that the Earth might be 4,5 billion years old.

 • Use the above concepts to form your own opinion about the Big Bang theory and 
the nebular hypothesis.

1.1.2  Early Earth: formation of a layered planet

201Read the text under the first three subheadings about the early formation of the Earth 
on pages 7–12 in UE-6 very carefully, and take note of the following:

202
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2031. Earth heats up and melts.

2042. Differentiation begins. Take note of figure 1.9 in UE-6 (cross section of the Earth) and 
make sure that you can depict the information given in the figure in a simple diagram.

2053. Earth's continents, oceans, and atmospheric form. Take note of the Earth processes 
that formed the Earth's atmosphere, as portrayed in figure 1.14 in UE-6.

206 In your own words, summarise the most important aspects of what you have 
read. Use the three headings given above as a structure for your summary.

207 Compare your summary with the example below:

2081. The Earth heats up and melts.

 • Kinetic energy: planetesimals and larger bodies crash into the Earth
 • Radioactive elements disintegrate (decay) into the Earth and emit heat

2092. Differentiation starts – an impact with the Earth causes exterior layer to melt, interior 
soft.

 • Heavy materials sink to the interior, light materials (and heat) float to the surface
 • Solidify into heavy/light zones during cooling

 » Core of heavy iron; molten on the outside, solid on the inside; depths
 » Crust of light elements (O, Si, Al, Fe, Mg, Ca, K, Na); depths
 » Mantle of intermediate densities (compounds of O, Mg, Fe, Si)

2103. Continents, oceans and atmosphere form.

 • Repetitive melting/solidifying, erosion; comets and volcanoes produce gas and 
water

211 Exercise

212Answer the following questions in writing.

2131. What caused Earth to differentiate, and what was the result?

2142. How does the chemical composition of Earth's crust differ from that of its deeper 
interior? And from that of its core?
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215 The answers to the questions above can be found in the following references:

2161. See the summary "How did Earth form and evolve over time?" on page 21 in UE-6.

2172. Figure 1.12 ("The relative abundance of elements") on page 12 in UE-6 and the related 
paragraph give percentages of the relative abundance of elements (chemistry) in 
the whole Earth and the crust. You can compare differences in the quantities of the 
four most common elements.

1.1.3  Earth as a system of interacting components

218 Carefully read the section "Earth as a system of interacting components" on 
pages 13–17 in UE-6 and figure 1.14.

219 Exercise

220Answer the following questions:

2211. Write down the components of the climate system, the plate tectonic system and 
the geodynamic system. Describe each component in one sentence and state which 
source of energy drives each.

2222. Describe/define the following terms in your own words:

223 (a) Plate tectonics
224 (b) Lithosphere
225 (c) Asthenosphere
226 (d) Convection

227 Compare your definitions with the definitions given where the terms are 
printed in bold in the text, or with those in the "Glossary" at the back of UE-6. 
Adjust your answers, if necessary. Also refer to the following:

2281. Table 1.2, which contains the system names, and figure 1.10 on pages 12–13 in UE-6

2292. (a) UE-6, page 15
230 (b) UE-6, page 16
231 (c) UE-6, page 14
232 (d) UE-6, page 16, together with figure 1.15
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1.1.4  Revision and application

233 Revision

2341. The most important aspects of this study section are covered in the summary on page 
21 in UE-6. Read it again. Make your own summary with which you are comfortable 
to use when revising for the examination.

2352. Make sure that you can define the key terms below, and that you can use them in the 
context of the composition of the Earth and the theory of plate tectonics as described 
in chapter 1 of UE-6.

236

237Key terms and concepts

238

239UE-6, page

240asthenosphere 24114

242climate system 24315

244core 24512

246crust 24711

248lithosphere 24916

250mantle 25110

252plate tectonics 25315

255 Application

256Start developing your own code of ethical scientific conduct.

 ☞ Read page 2 in UE-6 for background knowledge on "the scientific method" and the 
paradigm within which the theory of plate tectonics was developed, and give your 
own opinion about the credibility of the theory.

257
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258Study section 1.2

Plate tectonics – the unifying theory

259 The time scheduled for this study section is 10 hours.

Learning outcomes

260On completion of this study section, you should be able to

 • explain the theory of plate tectonics in broad terms
 • describe the geological features of the different plate boundaries
 • describe how the age of the seafloor is determined
 • demonstrate background knowledge on the reconstruction of Pangaea
 •  give a broad outline of the mechanism(s) that cause(s) the formation and 

motion of lithosphere plates
 •  read up (as application of your knowledge) how modern technology 

such as seismic tomography can help detect and explain geological 
phenomena, and communicate your knowledge in the form of a report 
(using standard conventions and methods)

261 General overview of learning content

 ª This study section is based on parts of chapter 2 of UE-6, pages 25–53.

 • We will cover the following themes referred to in the scheme on page 25: the mosaic 
of plates, plate motions and mantle convection. Apply your knowledge by using 
the scientific method you studied in study section 1.1 (formulating the problem 
and hypotheses, doing research by reading, and drawing a conclusion) to develop 
a model of mantle convection.

 • The outcome of this study section is to study the theory of plate tectonics and to 
relate it to the mantle convection system (UE-6, p 25, text printed in blue).
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 ☞ Page quickly through chapter 2 of UE-6, using the scheme on page 25, and look at 
some of the figures and their captions, in order to acquaint yourself with the themes.

 ☞ The most important issues covered in this study section have been summarised on 
page 52 of UE-6. Read this summary to get an overview of these issues in a nutshell.

1.2.1  The discovery of plate tectonics

262 Read pages 26–27 in UE-6 cursorily, from the development of the hypothesis 
on continental drift to the theory of plate tectonics. This will provide you 
with a brief overview of the development of this theory.

263 Overview of the theory of plate tectonics

264Geologists suggest that the crust of the Earth is divided into about 12 lithosphere plates, 
and that these plates slide past one another, converge with one another, or diverge as 
they move over the interior of the Earth. New plate material is formed at diverging points 
and material is reabsorbed into the mantle where plates converge in a continuous process 
of formation and destruction. Continents embedded in the lithosphere plates drift with 
the moving plates. The theory of plate tectonics describes the movement of the plates 
and the forces between them. It also explains the distribution of large-scale geological 
features – mountain chains, collections of rocks, structures on the seafloor, volcanoes 
and earthquakes – which are the result of movement along the plate boundaries. Plate 
tectonics provides a conceptual framework for a large part of geology, as will be evident 
in the following study sections.

1.2.2  The plates and their boundaries

265 Carefully read the parts under the blue subheadings ("The plates and their 
boundaries") on pages 29–36 in UE-6, that is, the descriptions of the different 
plate boundaries.

266 Exercise

267Describe the geological characteristics of the following plate boundaries:

2681. divergent boundaries
2692. convergent boundaries
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2703. transform-fault boundaries
2714. combinations of plate boundaries

272 The following portions of text and figures describe how changes in the plate 
surface take place, and which geological phenomena accompany them – for 
instance, when two plates collide, the one rises and mountain building takes 
place. Short descriptions of each subdivision can be found in UE-6:

2731. Divergent boundaries are divided into oceanic plate separation and continental 
plate separation. See figure 2.8 on page 32 in UE-6.

2742. Convergent boundaries are divided into ocean-ocean convergence, ocean-continent 
convergence and continent-continent convergence. See figure 2.8 on page 32 in 
UE-6.

2753. Transform-fault boundaries.

2764. Combinations of plate boundaries.

277 After carefully studying these sections, do the following:

2781. Summarise, in your own words, the way the lithosphere plates move according to 
the concept of plate tectonics (UE-6, p 26–27) – refer to the introductory paragraphs 
following the heading "The mosaic of plates".

2792. Indicate the directions of movement of the lithosphere plates by making an ex-
planatory sketch of each of the three types of plate boundary, and by citing two plate 
boundary names as examples in each case.

280 Guidelines for making a summary, and relevant figures

2811. Use the points below as guidelines for your own summary. You must be able to 
provide the names of at least two adjoining plates for each type of plate boundary.

 • 12 large, rigid lithosphere plates each move as a unit over the Earth's surface.
 • The shapes of the plates differ from those of the continents, but both "float" 

around together.
 • The plates have common boundaries (UE-6, figure 2.7).

282



4GEL1503/1

311

 » Divergent boundaries, eg between the Australian and Antarctic plates
 • Plates move away from each other and new lithosphere is formed
 • Oceanic plate separation, eg Mid-Atlantic Ridge
 • Rift – separation that forms a trough; rift valley
 • Seafloor spreading takes place at the trough on the seafloor
 • Ridge – ridge formed by lava that wells up and solidifies in separation
 • Continental plate separation – eg Great Rift Valley of East Africa

 » Convergent boundary, eg between the Australian and the Pacific plates
 • Plates collide; one plate overrides – mountain formation; and other 

plate is forced down to form a subduction zone
 • Nacza Plate collides with South-American Plate; Andes mountains
 • Many active geological events, such as earthquakes, volcanoes

 » Transform-fault boundary, eg between the Indian and Arabian plates
 • Plates move (slide, glide) horizontally past one another
 • San Andreas fault – Pacific and North American plates
 • Often occurs transversely with mid-ocean ridges

2832. See figure 2.7 on page 30 in UE-6 ("Earth's plates today ...")

1.2.3  Rates of plate movement

284 Carefully read the section on "The seafloor as a magnetic tape recorder" on 
pages 39–43 in UE-6.

285 Exercise

286Answer the following questions and check your answers against the key concepts ().

2871. What is meant by a "positive anomaly" and a "negative anomaly" when the magnetisa-
tion of rocks is measured?

288   A measured magnetic field that is stronger than the local magnetic field of the 
Earth is a positive anomaly, while a weaker measured field is a negative anomaly.

2892. How did the magnetic anomaly patterns that were discovered on the seafloor come 
about?

290  New seafloor is created at a mid-ocean ridge and becomes magnetised, etc.

291
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2923.  How do geologists go about determining the age and the spreading rate of the seafloor?

293   Ages of magnetic reversals on land are compared with bands of magnetised 
rocks on the seafloor. The spreading rates of the various bands differ from each 
other, with an average rate of 50 mm/year for mid-ocean ridges.

1.2.4   The grand reconstruction of the ancient land mass of 
Pangaea

294 Introductory remarks

295It is interesting to read how geologists went about reconstructing the col lection of 
ancient continents which formed Pangaea. You can read the section on the grand 
reconstruction on pages 42–47 in UE-6, but read it cur sorily, as it is only meant to provide 
you with background knowledge.

1.2.5  Mechanisms that drive plate tectonics

296 Carefully read the section "Mantle convection: the engine of plate tectonics" 
on pages 47–50 in UE-6, including figures 2.17, 2.18 and 2.19.

297 Exercise

298Use the tips () below to do the following exercises. Check your answers by once again 
referring to the sections indicated in the text.

2991. Indicate on a sketch two of the physical forces that drive the movement of lithosphere 
plates. Name the cause and effect of each force.

  UE-6, page 48, figure 2.17. Pulling and pushing force.

3002. Indicate by means of a sketch the main difference between the two models of 
mantle convection.

  UE-6, page 49, figure 2.18. Whole-mantle and stratified convection.

3013. Describe briefly what a mantle plume is and where it occurs.

  UE-6, page 50, figure 2.19. Fast-rising material from the deep mantle.
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1.2.6  Revision and application

302 Revision

3031. The most important aspects of this study section are summarised on pages 52–53 
in UE-6. Read this again.

3042. Give a modern geographic example (plate names) of each of the types of plate 
boundary.

3053. What is the engine that drives plate tectonics (last "Summary" item on page 53 in 
UE-6)?

3064. Make sure that you can describe the following key terms and that you can use them 
in the context of the composition of the Earth and the theory of plate tectonics as 
discussed in chapter 2 of UE-6.

307

308Key terms and concepts

309

310UE-6, page

311continental drift 31226

313magnetic anomaly 31437

315relative plate velocity 31643

317seafloor spreading 318Glossary GL-13

319subduction 32035

321 Application

Synthesis of your current subject knowledge of plate tectonics

 • Give a short description of the two competing hypotheses on mantle convection. 
Indicate what scientific proof would be required to make a choice between the two 
hypotheses. Tip: "Old subducted lithosphere is colder than the surrounding mantle ...".

 • Look up the term "convection" in the index at the back of UE-6, and read the relevant 
source reference on seismic tomography.
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 • Give a short description of the geological principle on which seismic tomography is 
based. Tip: measurement of small differences.

 • Write down whether seismic tomography can detect temperature differences between 
certain parts of materials in the deep mantle (yes or no). Is any physical plate tectonic 
process indicated by this?

 • Conclude from the seismic tomography data which convection hypothesis has been 
proven and accepted as a theory.

322
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323Study section 1.3

Earth materials – minerals and rocks

324 The time scheduled for this study section is eight (8) hours.

Learning outcomes

325On completion of this study section, you should be able to

 • define the term "mineral" and analyse the definition
 • explain how and when minerals are formed
 •  explain how variations in mineral composition can be explained by cation 

replacement
 •  explain how it is possible for some chemical compounds to occur in more 

than one crystal structure
 •  describe the internal structures (crystal structures) of the most common 

rock-forming minerals, and thus explain the physical properties of the 
minerals

 • solve problems and communicate the solutions

326 General overview of learning content

 ª This study section is based on parts of chapter 3 in UE-6, pages 55–87.

 • The following themes referred to in the scheme on page 55 will be studied: what 
minerals are; chemical bonds and the atomic structure of minerals; rock-forming 
minerals; and the physical properties of minerals. We will also pay attention to an 
Earth issue (practical problem), namely the health risks of the mineral asbestos. The 
physical properties of minerals appear in tables in appendix 4 at the back of UE-6. 
These properties are used in mineral identification in module GEL1502.

 • The outcome of the chapter, which is printed in blue on page 55 in UE-6, as well as the 
last sentence on that page, state that minerals are the building blocks of rocks. The focus 
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of this study section is mineralogy – the branch of geology that studies the composition, 
structure, appearance, stability, occurrence and associations of minerals.

 ☞ Find the above-mentioned themes under the various subheadings throughout 
chapter 3. Note which figures go with each subheading.

 ☞ The most important aspects of this study section have been included in the sum mary 
on page 85 in UE-6. Read it to get an overview of these in a nutshell.

1.3.1  What are minerals?

327  Read the paragraphs under the subheading "What are minerals" on page 56 
in UE-6, and study the definition of the term "mineral" carefully. Take note of 
the requirements that should be met by a material before it is considered 
to be a mineral.

328 Exercise

3291. Write down the six prerequisites that a chemical compound must meet before it can 
be classified as mineral.

3302. Write in your own words what each of these six requirements involves (in other words, 
analyse the definition).

331 Answers to the questions in the exercise

3321. The six prerequisites are: homogeneous, naturally occurring, solid, crystalline, generally 
inorganic, with a specific chemical composition.

3332. Each of the above-mentioned prerequisites is explained on page 56 in UE-6. For instance, 
"homogeneous" means that the mineral cannot be divided into smaller components 
by mechanical means; "crystalline" means the orderly ... complete the rest yourself.

1.3.2  The atomic structures of minerals

334 Carefully read the following sections in UE-6:
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 • Chemical bonds, on page 59
 • The atomic structure of minerals, on pages 59–62

 » How do minerals form?
 » When do minerals form?

335 Exercise

336Use the tips () to do the following exercise:

3371.  Name the three different types of chemical bond, and state the influence of the 
bond strength of each on minerals.

  Covalent bonds are stronger than ionic bonds, giving rise to harder minerals.

3382. Define the process of crystallisation, taking the diamond as example.

  Covalent bond. Tetrahedron.

3393. Define the term "crystal".

  Ordered arrays of atoms. Crystal faces.

3404. Define the term "precipitation".

   When fluids evaporate from a solution, the salt starts to drop out of solution 
as crystals.

3415. Illustrate, with the aid of examples, what cation substitution is and what polymorphs 
are.

   Ions, such as those of iron and magnesium, of the same size substitute one 
another.

342 Main points to include in your summary:

 • Anions occupy most of the space in crystals, with the smaller cations in between
 • Cation substitution as the reason for variations in the chemical composition of 

some minerals
 • Polymorphism as the reason for different structures for the same chemical compound

343
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1.3.3  Rock-forming minerals

344 The most important mineral groups we will be investigating are silicates, 
carbonates, oxides, sulfides (sulphides) and sulfates (sulphates).

345 Study/read

 • Study the chemical classification of minerals according to table 3.1 on page 63 in UE-6.
 • Read about each of the mineral groups described under the heading "Rock-forming 

minerals" on pages 63–67 in UE-6.
 • Table 3.1 on page 63 and figure 3.10 on page 62 in UE-6 are prescribed.

346 Exercise

347Read through the list of self-assessment questions below and then answer them one 
by one, after systematically reading through the above-mentioned material. Examples 
() are provided, which you may use as tips or as part of your answers.

3481. What is used as the basis for the classification of minerals?

  Anions. For example: NaCl is classified as a halide based on its chloride anion, Cl-.

3492. Write down the names of the five most important class eir corresponding anion 
groups.

  The mineral hematite, Fe2O3, is an example of the class of oxides that contains 
the anion O2-. Complete the rest of your answer according to this example.

3503. Make a list of the basic structures of silicates.

3514. How do SiO4
4- tetrahedra link together to form the plate structure of mica?

3525. What bonds these basic structures in silicates?

  Silicate bonds are formed by means of cations, such as K+, which link basic 
structures such as mica plates with each other.

3536. Make a sketch of the basic building blocks of carbonate minerals, and indicate in a 
diagram how the carbonate anions and calcium cations are arranged in calcite.

  UE-6 shows the alternating layers of calcium and carbonate ions. (Please note 
that "ions" is the general term used for both anions and cations.)
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3547. Which minerals do invertebrates use for their shells?

  Calcite and aragonite.

3558. To which mineral classes do the following minerals belong?

356(a)   dolomite (c)   olivine (e)   pyrite
357(b)   anhydrite (d)   copper (f)   enstatite

  Pyrite is an example of a mineral that belongs to the mineral class sulfides (sulphides). 
See the first three columns of appendix 4 in UE-6 where the class is indicated 
under the column "Structure or composition".

1.3.4  Physical properties of minerals

358 General overview

359This section includes the following physical properties of minerals: hardness, cleavage, 
fracture, lustre, colour, specific gravity and density, and crystal habit. This theory is 
important for the practical work of module GEL1502, which deals with mineral 
identification.

360 While studying pages 66–72 in UE-6, make a list of the different physical 
properties distinguished in minerals. Table 3.2 on page 68 and table 3.4 on 
page 72 in UE-6 are prescribed.

361 Exercise

3621. Briefly describe how each of the physical properties of minerals manifests itself, and 
give a theoretical explanation for each.

3632. Write down the Mohs scale of hardness. Explain how the scale numbers can be used 
to distinguish between different minerals.

364 Answers to the questions in the exercise

3651. Compare your descriptions with those in the textbook. Also make use of the glossary 
at the back of the textbook. After each text reference below, there is one word that 
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hints at the mode of occurrence (appearance of the physical property) and another 
that serves as a tip for the theoretical explanation.

 • Hardness – scratch marks; bond strength
 • Cleavage – breakage along planar surfaces; weak bonds
 • Fracture – irregular breakage; bond strengths across crystal planes
 • Lustre – light reflection; kind of atoms and their bonding
 • Colour – imparted by light, streak; complex
 • Specific gravity and density – weight; packing of atoms in crystal structure
 • Crystal habit – shape of crystals; speed and direction of growth

3662. Compare your answer with table 3.2 on page 68 in UE-6. Quartz, at a hardness of 7, 
will scratch the surface of calcite, which has a hardness of 3, thus making it possible 
to distinguish between the two.

1.3.5  Revision and application

367 Revision

3681. A summary of the main points of this study section is provided on page 85 in UE-6. 
Read it again.

3692. Write down, in a single sentence, the difference between cation substitution and 
polymorphs.

3703. What is the difference between (a) cleavage and fracture, and (b) lustre and colour?

3714. What can the colour of minerals be ascribed to?

3725. Make sure that you know how the physical properties, composition and crystal struc-
ture relate to each other. Tip: Consult table 3.4 on page 72 in UE-6.

3736. Make sure that you can define the following key terms and can apply them in the 
context of the composition of the Earth and the theory of plate tectonics as discussed 
in chapter 3 of UE-6.

374
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375

376Key terms and concepts

377

378UE-6, page

379cleavage 38068

381crystal 38260

383crystal habit 38471

385crystallisation 38659

387fracture 38870

389mineral 39056

391Mohs scale of hardness 39267

393polymorph 39461

395precipitate 39661

397streak 39870

399 Application

Minerals for humankind and in Earth issues

 • Explain how a field geologist would go about determining the hardness of a mineral. 
Tip: Measuring apparatus is not usually available in the field, yet common items like 
a pocket knife or copper coin should be at hand (UE-6, p 68, table 3.2).

 ☞ Write down which physical properties of gems, like diamonds, people find attractive. 
How would you, as a mineralogist, polish the hardest mineral, a diamond, until it 
sparkles? 

400
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401Study section 1.4

What are rocks?

402 The time scheduled for this section is six (6) hours.

Learning outcomes

403On completion of this study section, you should be able to

 •  distinguish between the three main groups of rocks, based on their 
mineralogy and texture

 •  demonstrate an understanding of the formation processes of each type 
of rock, and relate them to plate tectonics

 • describe the transformation between different rock types as a rock cycle

404 General overview of learning content

 ª This study section is based on the relevant sections on pages 72–85 of chapter 3 
in UE-6.

 • You will study the following themes referred to in the scheme on page 55: the 
appearance and properties of igneous, sedimentary and metamorphic rocks, as well 
as the role of the rock cycle in the Earth's unique systems. An Earth issue (practical 
problem) about the uniqueness of the Earth's rock cycle in the universe will be 
pointed out.

 • The outcome of the chapter, printed in blue, and the last two sentences of the 
introduction confirm the concept that minerals are the building blocks of rocks. 
The focus of this study section is the mineralogy and texture of rocks, and how 
the interactive processes of the plate tectonic system and the climate system give 
rise to the rock cycle.

405
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1.4.1  Igneous rocks, sedimentary rocks and metamorphic rocks

406 Introductory remarks

407The minerals and textures of the three main rock groups are formed in different places 
in and on the Earth by different geological processes.

 ☞ Take note of the tectonic occurrence of the source materials, the different rock-
forming processes involved and an example of each group, as portrayed in figure 
3.24 on page 74 in UE-6.

408 Read

409Read the sections on the rock groups on pages 72–85 in UE-6, and make summarising 
notes of the processes, textures and mineralogy as you read. You must be able to make 
simple 2-D drawings of the figures mentioned below to illustrate your main points. Then 
check your notes and add to them by comparing them with the labels of the following 
figures:

 • igneous rocks, figure 3.25
 • sedimentary rocks, figure 3.26
 • metamorphic rocks, figure 3.27

410 Exercise

411Answer the following questions in neat, legible writing. Each may serve as an example of 
part of an exam question.

4121. What is the difference between extrusive and intrusive igneous rocks?

4132. What is the difference between regional and contact metamorphism?

4143. What is the difference between clastic, and chemical and biochemical, sedimentary 
rocks?

4154. Name three common silicate minerals that can be found in each rock group. Tip: 
Consult table 3.5 on page 75 in UE-6.

4165. Which of the rock types of the three main groups are formed on the surface of the 
Earth and which are formed inside the Earth?
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417 Short answers to the questions above

4181. •	 	Extrusive rocks: This is warm lava which erupts at the surface of the Earth, cools 
rapidly and solidifies. The texture is glassy to finely grained. Basalt is an example.

 • Intrusive rocks: This is warm magma which forces its way under the surface into 
the crust, where it cools slowly and crystallises. The texture is coarsely grained. 
Granite is an example.

4192. •	 	Regional metamorphism: This occurs over a large area where high directed 
pressure and temperatures occur, such as subduction zones and mountain-building 
areas. The texture is foliated. Schist and gneiss are examples.

 • Contact metamorphism: This occurs in the direct, close vicinity of warm magma 
intrusions, under high pressure and temperatures. The texture is grained. Hornfels 
is an example.

4203. •	 	Clastic rocks: These are sedimentary particles formed by processes of weathering 
or erosion, which are physically deposited somewhere and lithified there. They 
are laid down in layers consisting of sand, silt and gravel and contain the minerals 
quartz and feldspar and clay minerals. Sandstone is an example.

 • Chemical and biochemical sedimentary rocks: These consist of materials 
that have been dissolved chemically during the weathering processes of rocks 
and precipitated elsewhere to form new minerals. They contain various new 
minerals, such as calcite. Limestone is an example.

4214. •	 	Igneous rocks: quartz, feldspar, mica, pyroxene, amphibole, olivine
 • Sedimentary rocks: quartz, feldspar, clay minerals
 • Metamorphic rocks: quartz, feldspar, mica, garnet, pyroxene, staurolite

4225. •	 	Surface of the Earth: extrusive igneous rocks, clastic sedimentary rocks
 • Interior of the Earth: intrusive igneous rocks, chemical sedimentary rocks and 

metamorphic rocks

1.4.2   The rock cycle: interactions between the plate tectonic 
and climatic systems

423  Carefully work through steps 1–6 of figure 3.28 on page 78 in UE-6. The 
mutual transformation of the three types of rock is described here. Read one 
numbered statement at a time, following the line to the relevant sketch to 
see the application. Spend several minutes visualising and understanding 
the tectonic dynamics portrayed in the sketch. Each time refer to the small 
subfigure of the Earth system to determine which subsystem (atmosphere, 
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hydrosphere, lithosphere or asthenosphere) is driving the process that is 
being described.

424 Summary: plate tectonic processes transform rock types

425The rock cycle relates geological processes to the formation of the three types of rocks from 
one another. We can view the processes by starting at any point in the cycle. We began with 
the formation of igneous rocks by crystallization of a magma in the interior of the Earth. 
Igneous rocks then are uplifted to the surface in the mountain-building process. There, 
they are exposed to weathering and erosion, which produce sediment. The sediment is 
cycled back to the interior by burial and lithification into sedimentary rock. Deep burial 
leads to metamorphism or melting, at which point the cycle begins again. Plate tectonics 
is the mechanism by which the cycle operates.

1.4.3  Revision and application

426 Revision

4271. Once again read the summary of this study section on page 85 in UE-6.

4282. What determines the appearance of rocks – that is, what they look like? Read the 
answer () below.

  Rocks differ in colour, the size of the grains of minerals, and the type of minerals 
that constitute them. The appearance of the rocks is determined partly by their 
mineralogy (ie the different minerals they are made up of) and partly by their 
texture. The texture of a rock is determined by the size, shape and arrangement 
of the minerals that constitute it. In turn, the mineralogy and texture of a rock 
is determined by the geological source of the rock – that is, where and how the 
rock was formed.

4293. Make sure that you can define the key terms below and that you can apply them 
in relation to the three main groups of rocks described in chapter 3 in UE-6.

430
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431

432Key terms and concepts

433

434UE-6, page

435bedding 43675

437chemical and biochemical sediments 43878

439siliciclastic sediments 44075

441contact metamorphism 44276

443erosion 44474

445extrusive igneous rocks 44674

447foliation 44876

449intrusive igneous rocks 45074

451lithification 45275

453regional metamorphism 45476

455sediments 45674

457weathering 45874

459 Application

Rocks for humankind and in Earth issues

 • Earth issue: The uniqueness of the Earth's rock cycle in the universe.

460Read the paragraph on pages 79–85 in UE-6, which describes the uniqueness of the 
EARTH's rock cycle, cursorily. This precious uniqueness should serve as an incentive 
for us to develop a sense of responsibility towards our unique environment and all 
the systems of the Earth.

 • Develop your geological perceptiveness in the field

461Our understanding of how rocks were formed may help us to solve environmental 
problems. The following method may help you to be more perceptive when you are 
in the field:

 » Examples of possible field questions

462Is this rock going to cause a landslide in the event of Earth tremors? Will this rock 
let polluted water through and how? Chemical analyses are essential when a 
suitable underground storage facility for radioactive waste is being considered.
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463When we observe rocks in their original situations, we can better interpret the 
local geology, as well as the greater Earth system framework, which in turn might 
lead to solutions to humankind's environmental problems.

 » Observation methods

464Look at the rocks in the field in the following manner:

465First distinguish between the different rock types. Then deduce from their 
properties what surface and subsurface conditions were prevalent when they 
were formed. The appearance, texture, mineralogy and chemical composition 
of rocks tell us how and where they were formed.

466This is an extremely extensive field of study and you should concentrate on the 
following: (a) the origin, constituent minerals and textures of the three main rock 
groups, namely igneous rocks, sedimentary rocks and metamorphic rocks; and 
(b) the occurrence of the different rock groups in terms of plate tectonic settings.

 » Conclusions

467The conclusions should be fairly simple, such as having gained a better under-
standing of the rock cycle and having had the opportunity to apply your know-
ledge in nature. You will be taught to describe and classify rocks in the practical 
module, GEL1502.

468
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469Study section 1.5

Earth issues relating to the Earth system

470 The time scheduled for this section is one (1) hour.

Learning outcomes

471On completion of this study section, you should be able to

 • develop your own (elementary) scientific code of conduct
 •  form and write down your own synthesis of your current subject 

knowledge of plate tectonics
 •  argue about the applications of minerals and the dangers they pose to 

humankind
 •  display a sense of responsibility towards our unique rock cycle in its 

earthly environment

472 General overview of learning content

 ª This study section is based on chapters 1 to 3 of UE-6, pages 1–87.

 • The following themes have already been studied as Earth issues in study sections 1.1 
to 1.4: the scientific method, a hypothesis of mantle convection proven by seismic 
tomography, the hardness of minerals, the dangers of asbestos, and humankind's 
realisation of the uniqueness of the Earth and ability to make field observations.

 • The outcome of this study section is to let you participate in discussions on Earth issues 
following from some of the subject themes covered in study unit 1. The Earth issues 
focus on how the scientific method and technology are applied in practice in respect 
of the plate tectonic theory, minerals and rocks as records of geological processes.

 ☞ These themes can be found in study sections 1.1 to 1.4 of the study guide (SG) in the 
"Revision and application" sections, as well as in chapters 1 to 3 in UE-6 in the boxed 
articles with the subtitles "Earth issues" and "Earth policy".
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473 Revising the following Earth issues relating to the outcomes you have already 
reached in this study unit will help you to answer a possible examination 
question on it.

1.5.1  Earth issues: the scientific method and technology

474 Revision

475Once again read through your notes on all the Earth issues you have already covered 
in the "application" sections referred to below. Make use of the tips () given to you.

4761. In section 1.1.4 – Start developing your own code of ethical scientific conduct

  Opinion of the authors of UE-6, given on page 2: "honesty, generosity, a respect 
for evidence, openness to all ideas and opinions."

4772. In section 1.2.6 – Synthesis of your current subject knowledge of plate tectonics

  Choice between the two competing hypotheses on mantle convection (see 
new information obtained through seismic tomographic technology) – you 
make the decision in your conclusion (synthesis). Check your work method by 
rereading "The scientific method" on page 2 in UE-6.

4783. In section 1.3.5 – Minerals for humankind and in Earth issues

  Using common items such as a pocket knife or a copper coin to determine the 
hardness of a mineral

  Using a second diamond to polish a diamond until it sparkles
  Former asbestos mine workers in South Africa have been compensated after 

winning law suits. Form your own opinion on the mining and use of a dangerous 
mineral such as asbestos in the community

4794. In section 1.4.3 – Rocks for humankind and in Earth issues

  Develop a sense of responsibility towards our unique Earth environment
  The identification of types of rock in the field helps you to understand environ-

mental problems in terms of the rock cycle

480
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481 Summary of study unit 1 – The Earth system

482In study unit 1 you were introduced to the Earth system and saw how its components 
interact through various geological processes. You learnt how the explanations for 
the cause and effect of the different processes are formulated into hypotheses to be 
proven and established as theory later on. The theory of plate tectonics explains various 
geologic phenomena in one, unifying theory. This theory includes the rock cycle, which 
taught you about minerals, the building blocks of the three main types of rock. On the 
historical side, you learnt how geological scientific research methods led to the theory of 
plate tectonics. You also learnt to apply your knowledge of geology to tackle problems 
in your own Earth environment.

483
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484

INTERNAL EARTH PROCESSES
4852

486 The time scheduled for this study unit is 30 hours.

487 This study unit is based on chapters 7, 13 and 14 in UE-6.

Learning outcomes

488On completion of this study unit, you should be able to

 •  describe and typify the modes of deformation, fracture and folding of 
rocks under the influence of tectonic forces

 •  describe the method by which the geological history of a geographical 
area is reconstructed

 •  describe the technology and methodology used by seismologists to 
localise, measure and attempt to forecast earthquakes in terms of the 
Earth system

 • discuss the plate tectonic system and the role it plays in earthquakes
 •  demonstrate your knowledge of the different techniques of Earth ob-

servation, such as seismic, gravitational, magnetic and temperature 
measurements

 •  describe how these observations help to create models of the interior of 
the Earth 

 • discuss various Earth issues, such as a tsunami (seismic sea wave)

489



132

2ENVIRONMENTAL GEOLOGY

OVERVIEW OF THIS STUDY UNIT

490Study unit 2 comprises the following study sections:

491� PAGE

492STUDY SECTION 2.1:   DEFORMATION – MODIFICATION OF ROCKS BY FOLDING  
AND FRACTURING   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   33

4932.1.1 How rocks become deformed   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   34
4942.1.2 How rocks fracture: joints and faults   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   35
4952.1.3 How rocks fold   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   36
4962.1.4 Unravelling geological history   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   37
4972.1.5 Revision and application   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   39

498STUDY SECTION 2.2:  EARTHQUAKES   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   41
4992.2.1 What is an earthquake?   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   42
5002.2.2 Studying earthquakes   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   43
5012.2.3 Earthquakes and patterns of faulting   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   45
5022.2.4 Earthquake hazards and risks   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   46
5032.2.5 Can earthquakes be predicted?   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   46
5042.2.6 Revision and application   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   47

505STUDY SECTION 2.3:  EXPLORING EARTH'S INTERIOR   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   49
5062.3.1 Exploring the interior with seismic waves   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   50
5072.3.2 Layering and composition of Earth’s interior   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   52
5082.3.3 Earth's internal temperature   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   53
5092.3.4 The three-dimensional structure of the Earth   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   53
5102.3.5 Earth's magnetic field and the geodynamo   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   54
5112.3.6 Revision and application   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   55

512STUDY SECTION 2.4:  EARTH ISSUES RELATING TO INTERNAL EARTH PROCESSES   . . .   58
5132.4.1 Earth issues: perspective and the laws of nature in geological processes   . . . .   59

514



4GEL1503/1

333

515Study section 2.1

Deformation – Modification of rocks by folding and 
fracturing

516 The time scheduled for this study section is 12 hours.

Learning outcomes

517On completion of this study section, you should be able to

 • relate tectonic forces to the deformation of rocks
 •  relate tectonic forces to the formation of joints and faults when rocks 

fracture
 • typify and describe the folding of rocks and portray it in figures
 • unravel the geological history of an area

518 General overview of learning content

 ª This study section is based on parts of chapter 7, on pages 167–187 in UE-6.

 • The following themes referred to in the scheme on page 167 will be discussed: the 
reasons why and the manner in which rocks become deformed; how rocks fracture 
to create joints and faults; how rocks fold; and the unraveling of geological history.

 • The outcome of this chapter is to study the manner in which geologists collect 
and interpret field observations to reconstruct the geological history of a region. 
This study section focuses on describing and typifying the modes of deformation, 
fracture and folding of rocks under the influence of tectonic forces.

 ☞ The above-mentioned themes can be found under the different subheadings 
throughout chapter 7. Note which figures belong to each subheading. Also read 
the summary on pages 187–188 in UE-6 cursorily, the first time round.

519
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520 Introductory remarks

521For background knowledge read the introductory paragraphs of chapter 7 cursorily. Take 
note of the vertical cross section in figure 7.4 and how different rock layers that lie on each 
other do not always appear horizontal. Some layers are curved and others protrude above 
the surface as outcrops. The direction (strike) and angle (dip) of outcrops can be measured 
and depicted on a geological map.

522Geologists have, over the years, asked how it is possible for rocks, which are solid and 
hard, to be tilted, bent and fractured. What forces cause the deformation of hard rocks? 
Can the history of rocks be inferred from the patterns of deformation? How does this 
deformation relate to plate tectonics?

523In chapter 7 of UE-6, field observations are followed up with laboratory experiments to 
determine, for instance, the influence of pressure and temperature on the deformation of 
marble. Such results have also been incorporated in the unifying theory of plate tectonics 
to create a framework (paradigm) within which many geological processes and theories 
can be explained.

2.1.1  How rocks become deformed

524 Study the following sections in the textbook:

5251. Study pages 173–181 in UE-6, with regard to the three types of tectonic force, ductile 
materials and brittle materials. You should be able to draw the line diagrams neatly, 
at least in two dimensions (2-D) – but not the photos.

5262. Study the section "What determines whether a rock bends or breaks?" on page 172 
in UE-6.

5273. Study "Brittleness and ductility under natural conditions" on page 172.

528 Exercise

529Do the following exercises, referring to the tips () provided.
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5301. Make a diagram of the three tectonic forces, namely compressive forces, tensional 
forces and shearing forces, which can be exerted on a plate of rocks. What type of 
deformation do these forces cause in ductile and brittle materials?

  Use arrows (→) in your diagram to indicate the directions of the forces as they 
are indicated in figure 7.8 on page 174 in UE-6 and show the deformed rocks.

  The deformations in ductile materials are plastic, resulting in folding, stretching 
and shearing.

  The deformations in brittle materials are fractures and the rocks fault as follows 
in relation to the fracture: reverse faulting, normal faulting and strike-slip faulting.

5312. Which type of plate boundary is associated with each of these forces?

  Convergent, divergent and transform-fault boundaries (UE-6, p 182).

5323. Under what conditions will rocks tend to break and when will they undergo folding? 
Use marble and mylonite as examples.

  Marble is ductile (pliable/plastic) deep in the crust, but brittle near the surface.
  Mylonite is a metamorphic rock which is formed deep in the crust where the 

pressure is high (ductile deformation).

2.1.2  How rocks fracture: joints and faults

533 Study the following sections and figures in the textbook:

 • Carefully read the section "Basic Deformation Structures" on pages 173–181 in UE-6.
 • Sketches (not photos) you should know in UE-6: figure 7.8 on page 174 (types of 

faults), figure 7.21 on page 183 (thrust fault), and figure 7.19 on page 182 (rift valley).

534 Exercise

535Use the following questions and tips () as guidelines for summarising the work. Your sum-
mary should be of such a nature that you will be able to provide comprehensive answers 
(as in the textbook) during assessment.

5361. Name the two types of rock fracture that can be distinguished. Define/explain each 
term in your own words.

  Joints and faults with/without movement relative to the fracture

537
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5382. Explain why joints form in rocks.

  There are three possible causes.

5393. Name the forces that may cause faults.

  Tensional forces, compressive forces and shearing forces.

5404. Define the following terms that are used to describe a fault: (a) offset, (b) slip, and 
(c) fault plane.

  Distinguish between the relative movements when defining these terms.

5415. Make sketches to illustrate the following types of faults. Indicate with arrows (→) the 
relative movements of the fault blocks in relation to each other.

542(a) dip-slip fault
543(b) strike-slip fault
544(c) oblique-slip fault
545(d) normal fault
546(e) reverse fault
547(f) right-lateral fault
548(g) left-lateral fault
549(h) transform fault

  Combine the existing sketches in figure 7.8 with the description in the text on 
pages 173–177 in UE-6, in order to draw all the types of fault.

5506. Use a sketch to briefly describe a thrust fault.

  One block of rock moves over the next block, as depicted in figure 7.21 on page 
183 in UE-6.

5517. How are rift valleys formed?

  There is a relative downward shift of a number of adjacent blocks of rocks, as 
depicted in figure 7.20 on page 183 in UE-6.

2.1.3  How rocks fold

552 Study the following sections in UE-6:

 • Study the introductory paragraphs of "Folds" on pages 175–177.
 • Study figures 7.12, 7.13 and 7.14, where it is explained that "Rock folding is influenced 

by the type of rock and the compressive forces" carefully. 
 • You must be able to draw and describe a plunging anticline/syncline (fig 7.13, p 177), 

as well as a dome (fig 7.16, p 180) and a basin (fig 7.15, p 179).
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553 Exercise

554Answer the following questions with the aid of the tips or source references (). Practise 
drawing the folds mentioned below so that you can draw any that might be asked in 
the examination quickly and easily. Always add labels to your sketches to indicate what 
they depict. In most cases you can simplify the three-dimensional (3-D) sketches in UE-6 
to two-dimensional (2-D) ones.

5551. What does the term "fold" mean?

  It is an originally planar structure, like layers of sediment, which has been bent 
(UE-6, p 175).

5562. Indicate the different parts of a fold in a sketch adding clear labels.

  Limb, axial plane, fold axis (UE-6, p 175, fig 7.12).

5573. Make simple 2-D sketches to illustrate the following types of fold:

558(a) anticline
559(b) syncline
560(c) horizontal fold
561(d) plunging fold
562(e) symmetrical fold
563(f) asymmetrical fold
564(g) overturned fold

  Consult fig 7.12 and the related text on pages 175–177 in UE-6. For each sketch 
describe the particular fold in one or two sentences.

5654. What are (a) a dome, and (b) a basin?

  Complete the sentences:

 • A dome is an anticline structure ...
 • A basin is a syncline structure ... (UE-6, p 179)

2.1.4  Unravelling geological history

566 Introductory remarks

567The geological history of a region usually involves a succession of episodes of sedimentation, 
deformation and faulting, erosion and other geological processes in the rock cycle. 
Geologists see only the rock on the surface which is the result of the latest geological 
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process. They then have to reconstruct the previous processes from the older structures 
beneath the surface.

568When determining the geological history of a region, field observations are first noted 
on a map of the region, and then a cross section is drawn to portray the surface map in 
depth. Look at fig 7.23 on page 185.

569According to the principle of superposition, older geological layers are shown under the 
newer, top layers in a cross section. Thus the geological history of a region can be seen 
on a cross section drawn with the oldest (first) rock layer at the bottom. If deformation 
has taken place, the cross section will show the deformed layers, such as an anticline, 
just as it will show every other geological event in the region.

570Understanding the different kinds of faults and folds and determining the geological 
history of a region are important, because they have an economic and environmental 
impact.

571 Study the following in UE-6:

 • Study the section on the unravelling of geological history on pages 185–186.
 • Study fig 7.23 on page 185, where the stages in the development of a geologic 

province are depicted.

572 Exercise

573Do the following exercises and check your answers against the feedback below () and 
against the information given on pages 187–188 in UE-6.

 • Draw a 2-D version of the geologic cross section portrayed in fig 7.23 showing ver-
tically, from top to bottom, the succession of (1) sedimentation, deformation, uplift; 
(2) erosion, lava flow; and then (3) normal faulting.

 • Interpret and describe in words, from the oldest to the latest, the succession of 
geological processes that you have drawn above.

574 Feedback

575(1), (2) and (3) below agree with (1), (2) and (3) in the exercise.
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576(1) A series of marine sediments were laid down horizontally, whereupon they were 
deformed by compressive forces to create folds and faults.

577(2) The exposed surface eroded and was then covered by lava flow.

578(3) Then tectonic tensional forces in the crust caused various faults, creating downfaulted 
blocks.

2.1.5  Revision and application

579 Revision

5801. Read the summary of this study section on pages 187–188 in UE-6.

5812. Explain why some rocks fold, while others fracture along faults when subjected to 
forces in the crust.

5823. Name the types of deformation that can be expected at each of the three types of 
plate boundary.

5834. If you were to find tilted layers in the field, how would you know whether they are 
anticlines or synclines? Illustrate your answer by means of a sketch.

5845. Draw a cross section of a rift valley and indicate with arrows in which directions the 
forces that formed it were exerted. Do the same for a thrust fault.

5856. Make sure that you can define and use the following key terms relating to rock de-
formation, as described in chapter 7 in UE-6:

586

587Key terms and concepts

588

589UE-6, page

590anticline 591176

592axial plane 593176

594brittle material 595172

596compressive force 597168

598ductile material 599172

600/continued ...



140

2ENVIRONMENTAL GEOLOGY

601fault 602173

603fold 604175

605joint 606180

607shearing force 608168

609syncline 610176

611tensional force 612168

613 Application

614In order to get an idea of the scale of geological processes, read the following quotations 
and relevant sections of the text in UE-6:

 • "Present-day surface relief – such as we find in the Alps, the Rocky Mountains, the 
Pacific Coast ranges, and the Himalaya – can be traced in large part to deformation 
that occurred over the past tens of millions of years" (UE-6, p 185).

 • "On a much smaller scale, very thin beds can be crumpled into folds a few centimetres 
long" (UE-6, p 176).

 • "The bending can be gentle, or severe, depending on the magnitude of applied 
forces, the length of time that they were applied, and the ability of the beds to resist 
deformation" (UE-6, p 176).

615 Summary

616Realise, with awe and respect, the vast dimensions, time-scale and power of the forces 
of nature that drive geological processes.

617
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618Study section 2.2

Earthquakes

619 The time scheduled for this study section is 10 hours.

Learning outcomes

620On completion of this study section, you should be able to

 • explain how and why earthquakes take place
 •  explain the relationship between seismic waves and the scales measuring 

earthquakes
 •  indicate, in respect of earthquake mechanisms, the relationship between 

earthquakes and plate tectonics
 • discuss the destructiveness of earthquakes and tsunamis as Earth issues
 • explain practical examples scientifically

621 General overview of learning content

 ª This study section is based on parts of chapter 13 in UE-6, pages 337–367.

 • We will study the following themes referred to in the scheme on page 337: what an 
earthquake is and how earthquakes are studied; earthquakes and patterns of faulting; 
and the destructiveness and predictability of earthquakes. The Earth issue themes 
investigate the physical consequences of earthquakes, such as tsunamis, in the human 
environment.

 • In this study section you should focus on (a) why earthquakes take place, (b) where 
they occur, (c) how they are measured, (d) the prediction of earthquakes, and (e) the 
consequences of earthquakes for humankind.

 • You will find out about the technology and methodology used by seismologists to 
locate, measure and try to predict earthquakes in terms of the Earth system (outcome 
printed in blue on page 337 in UE-6).
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 ☞ Find the above-mentioned themes under the relevant subheadings throughout 
chapter 13 in UE-6. Note which figures belong to each subheading. Also read the 
summary on pages 366–367 in UE-6 cursorily the first time round.

 ☞ Read the introductory paragraphs of chapter 13 on pages 337–340 in UE-6, where 
the authors give an idea of the absolute, destructive violence of big earthquakes.

2.2.1  What is an earthquake?

622 Study the section "What is an earthquake" on pages 338–340 in UE-6 as follows:

 • Read the introductory paragraph on page 338 in UE-6, which explains stress and 
strain in rocks during the earthquake cycle. Study the steps in fig 13.3 on page 339 in 
UE-6, and the explanations "time A, B, C and D", so that you will be able to understand 
the stress/time graph of a locked fault and draw it yourself. You do not have to be 
able to draw the other sketches in fig 13.3.

 • Summarise the section "Elastic rebound theory explains why earthquakes occur" 
on page 338 in UE-6 in such a manner that it constitutes a short description of the 
elastic rebound theory.

  Use the words in fig 13.3 on page 339 as part of your summary of the elastic 
rebound theory.

 • Read the section on fault rupture ("Fault rupture during earthquakes") on page 346 
in UE-6 carefully. Practise drawing the sketches of the development of a fault rupture 
in 3-D (UE-6, p 341, fig 13.5) and describing it according to the labels of the figure.

623 Exercise

624Do the following exercises with the aid of the references/tips ():

 ☞  The following are examples of short questions that may be combined to form longer 
examination questions.

6251. What is an earthquake? Translate the quotation () into the language of your choice.

  "An earthquake is a shaking of the ground caused by seismic waves that emanate 
from a fault that breaks suddenly. When the fault breaks, the strain built up 
over years of slow deformation by tectonic forces is released in a few minutes 
as seismic waves".
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6262. Explain how brittle rock will act under strain due to tectonic stress.

  Use the words "break suddenly" in the context of the description quoted in 
question 1 above.

6273. Draw a stress/time graph, with a brief explanation of how the stress in rocks that 
gives rise to earthquakes builds up cyclically to breaking point.

  "Stress builds until it exceeds strength".

6284. Briefly describe how rocks that have been deformed elastically go into a fault rupture 
and rebound after slip has taken place.

  Use the terms "epicentre" and "focus" as in "time B–D" in fig 13.3 on page 339 
in UE-6.

6295. Explain, with the aid of a single sketch, where a fault rupture occurs, where seismic 
waves originate, and how elastically deformed rocks rebound.

  Make a sketch of the 5 seconds or 10 seconds figure in fig 13.5 on page 341 in 
UE-6, and summarise the labels and description of the figure to form the rest 
of your answer.

2.2.2  Studying earthquakes

630 Study the section "How do we study earthquakes" on pages 343–352 in UE-6 
as follows:

631Use the indicated answers () to answer the numbered practical questions on each pre-
scribed section (☞).

 ☞ Seismographs. Read the text and fig 13.7 on page 343 in UE-6 cursorily for back-
ground knowledge.

6321. Question: What does a seismograph measure?

  Answer: A seismograph records the movement of the Earth's surface (the 
extent to which the surface moves) during earthquakes, in other words, 
seismic waves.

 ☞ Seismic waves. Carefully study the text and fig 13.8 on pages 344–345 in UE-6.

6331. Summarise the text on the three types of seismic wave.

  Tip: The three types of seismic wave are P waves, S waves and surface waves.



144

2ENVIRONMENTAL GEOLOGY

6342. Indicate on a sketch how the three types of seismic wave move through the 
Earth and, on another sketch, how the time differences in these waves are 
reflected on the graph of a seismograph.

  The answers can be found in fig 13.8 on page 344 in UE-6.

6353. Make a sketch of the primary, secondary and surface waves and briefly describe 
the type of movement each causes in the Earth's material.

  P waves causes compressive (compressional) movement, S waves shear move-
ment, and surface waves perform elliptical movements. Each movement is 
explained with the aid of sketches in fig 13.8 on page 344 in UE-6. Choose 
one sketch of each type of wave, together with a short description.

 ☞ Determining the epicentre. Carefully study the text and fig 13.9 on pages 345–346 
in UE-6.

6361. Make a 3-D sketch indicating the focus, the epicentre and concentric spreading 
of seismic waves.

  The first diagram of fig 13.9 on p 346 in UE-6 shows the epicentre on the 
surface of the Earth, directly above the focus of the earthquake.

6372. Draw the seismic travel-time curve of an imaginary earthquake which has been 
observed by three seismic stations. For each station's observation, indicate 
the difference in the travel time between the P wave and the S wave on their 
seismogram. Explain how you would calculate the position of the epicentre of 
the earthquake.

  The travel time/distance graph is depicted in the second diagram of fig 13.9 
(UE-6, p 346). The distance between the station and the epicentre can in 
each case be calculated from the graph. The intersection of three distance 
circles on a map will locate the epicentre of the earthquake precisely.

 ☞ Measuring the size of an earthquake. Carefully read the discussions on Richter 
magnitude and moment magnitude on pages 346–347. Read the rest of the text cur-
sorily for background knowledge.

6381. With the aid of numbers, give an example of the logarithmic nature of the Richter 
scale, which is used to measure the magnitude of earthquakes.

  "Richter took the logarithm of the largest ground motion registered by a 
seismograph as his measure of earthquake size ... . In Richter's scale, two 
earthquakes at the same distance from a seismograph that differ in size 
of ground motion by a factor of 10 differ in magnitude by 1 Richter unit" 
(UE-6, p 346). The largest earthquake is assigned a 10 on the Richter scale.

639
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6402. On which physical properties of an earthquake is the moment magnitude scale 
based?

  The quantity of seismic energy generated through the surface of the fault.

 ☞ Determining fault mechanisms from earthquake data. Read the text on pages 
351–352 in UE-6 cursorily to take note of the method according to which fault mecha-
nisms are determined. Make sure that you can make a 2-D drawing of fig 13.13 (UE-6, p 
351), which indicates the tectonic forces involved in normal, thrust and strike-slip faults.

6411. Translate the following definition of a fault mechanism into the language of your 
choice:

  "The type of fault rupture (normal, thrust, or strike-slip) that produced an 
earthquake; it is determined by the orientation of the fault rupture and the 
direction of slip".

6422. What is the relationship between an earthquake and a fault?

  See the Glossary description of an earthquake, which indicates that the fault 
exists before breaking occurs.

 ☞ GPS measurements and "silent" earthquakes. Read the text on page 352 in UE-6 
for background knowledge.

  This is when tectonic plates creep past each other without causing seismic waves.

2.2.3  Earthquakes and patterns of faulting

643 Study the section "Earthquakes and patterns of faulting" on pages 352–355 
in UE-6 as follows:

 • Just take note of the distribution of deep and shallow-focus earthquakes on the world 
map of seismicity (UE-6, p 353, fig 13.15a).

 • Summarise the text on page 352 in UE-6 with the aid of fig 13.15b on page 353. Also 
make a simple 2-D drawing of each case (there is no sketch of intraplate earthquakes) 
to explain earthquakes at divergent, transform fault and convergent boundaries.

644 Exercise

645Do the following, with the aid of the source references ().
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6461. Indicate, on simple sketches, where deep and shallow-focus earthquakes occur at the 
three types of plate boundary. Then decide which faulting mechanism and tectonic 
forces come into play in each instance.

  The types of fault movement, such as normal faulting due to tensile stress at a 
mid-ocean ridge, are indicated in both figures 13.13 and 13.15 on pages 351 and 
353 in UE-6. Make your own synthesis (work out your own combination) of which 
type of earthquake occurs with which type of fault at which type of tectonic plate 
boundary, based on the above-mentioned figures.

2.2.4  Earthquake hazards and risks

647 Introductory remarks

648In South Africa we are on a very old part of the lithosphere plate, far from plate boundaries – 
and earthquakes are relatively uncommon. Earth shocks associated with mining activities 
are, however, fairly common and these do not pose much danger to human beings on 
the surface. The danger is when rocks burst underground. The rocks give way because 
of an intense build-up of tension in the remaining rocks following the removal of tons 
of gold ore. The mass and pressure of the very large volumes of overlying rocks exceed 
the strength of the remaining rocks, and they give way.

649  Read the whole of the section "Earthquake: hazards and risks" on pages 355–
365 in UE-6 cursorily, and take note of how earthquakes can cause destruction 
in the human environment. Then study the following sections thoroughly, 
so that you can apply your knowledge in an assignment on earthquakes.

 • Study fig 13.20, "A tsunami is a sea wave generated by earthquakes on the seafloor", 
on page 357 in UE-6 thoroughly, together with its labels (1–3) and the related text.

 • Carefully read the section tsunamis on pages 357–358 in UE-6.

2.2.5  Can earthquakes be predicted?

650 General overview

651The prediction of earthquakes has many advantages for humankind, like making it pos-
sible to evacuate a potential disaster area in time. By combining our knowledge of plate 
tectonics with detailed geological maps and information, this technology can be further 
improved.
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 • You can read the sections on long-term, short-term and intermediate-term predictions 
on pages 365–366 in UE-6 cursorily, just to take note of them. The limitations that 
make accurate and reliable predictions difficult will be clear from the passage.

2.2.6  Revision and application

652 Revision

6531. Once again read through the summary of this study section on pages 366–367 in 
UE-6.

6542. What is the relationship between seismic waves and an earthquake? (See UE-6, p 366, 
"Summary: what is an earthquake?".)

6553. What is a seismograph used for? Briefly describe how a seismograph works. 

6564. How does the ductility of crust material influence the depth at which earthquakes 
occur?

6575. Name three properties of each of the three types of seismic wave.

6586. Describe the technique that is used to determine the position of the epicentre of an 
earthquake.

6597. Name the two types of scale that are used to measure earthquakes. Which one is 
preferred? Substantiate your answer (UE-6, p 366, "Summary: what is earthquake 
magnitude and how is it measured?").

6608. Explain briefly why destructive earthquakes seldom occur within tectonic plates.

6619. Make sure that you can define and use the following key terms relating to earthquakes 
as described in chapter 13 in UE-6:

662

663Key terms and concepts

664

665UE-6, page

666earthquake 667338

668elastic rebound theory 669338

670epicentre 671340

672/continued ...
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673fault mechanism 674351

675foci 676340

677P wave 678345

679S wave 680345

681seismic wave 682338

683seismicity map 684353

685seismograph 686343

687slip 688173

689surface wave 690345

691tsunami 692356

693 Application

Earth issues

6941. Tsunamis

 • Carefully study fig 13.20 on page 357 in UE-6. It explains how a tsunami develops 
during an earthquake.

 • Carefully read the theme "Tsunamis" on page 356 in UE-6, especially with regard 
to their prevalence and the damage they have previously caused.

 • Try to find an article in the popular or scientific press on the tsunami that followed 
the Japanese earthquake of April 2011.

 ☞ Write an essay of approximately two to three (2–3) pages in which you explain how 
a tsunami develops and the dire consequences it may have for humans.

6952.  Protection during an earthquake

 • Read the Earth issue theme "Seven steps to earthquake safety" on page 362 cur-
sorily for your own background.

 ☞ Make notes for yourself on the measures you can take when visiting areas where 
earthquakes occur.

696
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697Study section 2.3

Exploring Earth's interior

698 The time scheduled for this study section is six (6) hours.

Learning objectives

699On completion of this study section, you should be able to explain

 • how seismic waves are used to do research on the interior of the Earth
 • how the internal heat of the layers of the Earth varies with depth
 •  how seismic tomography and variations in the gravity field of the Earth 

support the convection model of the mantle
 •  how magnetic processes occur within the geodynamic system of the Earth
 •  how the pressure a glacier exerts on the crust of the Earth is lifted as it melts 

causing the crust to rebound, thus demonstrating an application of the 
principle of isostasy

700 General overview of learning content

 ª This study section is based on parts of chapter 14, on pages 369–391 in UE-6.

 • The following themes referred to in the scheme on page 369 will be discussed: how 
seismic observations give us indications of the layering, composition and temperatures 
of the interior of the Earth; and how gravitational and magnetic measurements help 
us to create 3-D models of the structure of the mantle. The Earth issue we investigate 
is how isostasy makes continental drift possible.

 • The focus of this study section is to demonstrate how the different techniques of 
seismic, gravitational, magnetic and temperature measurements also yield models 
of the interior of the Earth, thus contributing to the unifying theory of plate tectonics 
(see the text printed in blue on page 369 in UE-6).
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 ☞ The above-mentioned themes can be found under the different subheadings through-
out chapter 14. Take note of the figures that belong to each sub heading. Also read 
the summary on pages 390–391 cursorily, the first time round.

701 Introductory remarks

702Volcanoes and deformation bring rocks from depths of 50 to 100 km to the surface of 
the Earth. By studying these rocks, we can make deductions about the properties of 
the Earth at those depths. However, geologists who wish to investigate the Earth to its 
maximum depth of 6 400 km do not have such tangible materials to work with. They 
observe processes and phenomena on the surface of the Earth to give them an indication 
of the properties and behaviour of material deep in the Earth.

703One of the ways in which to investigate the interior of the Earth is to measure the speed 
of seismic waves, which varies according to the type of material through which the waves 
travel. Geologists can also infer facts about the interior of the Earth by measuring the 
heat of materials that flow from the depths of the Earth to its surface, and by measuring 
the properties of the Earth's magnetic and gravity fields.

2.3.1  Exploring the interior with seismic waves

704 Study the following sections under the heading "Exploring the interior with 
seismic waves" on pages 370–374 in UE-6:

 • Read the section "Basic types of waves" carefully, together with fig 14.1, which demon-
strates the refraction and reflection of waves.

 • Study the text under "Paths of seismic waves in the Earth" thoroughly and summarise 
it under the following headings:

705(a) How seismic waves move through the Earth – together with fig 14.2 on page 
371 in UE-6, which shows the bent paths (refraction) and shadow zones of the 
P and S waves

706(b) How seismic waves are reflected in the Earth – together with fig 14.3 on page 372 
in UE-6, which shows the reflection of P and S waves at the different layers of 
the Earth

707 Exercise

708Answer the following questions. The answers are given further down.
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7091. Are seismic waves propagated at a constant speed through all types of rock? Sub-
stantiate your answer.

7102. What will happen to seismic waves if they travel from one medium to another? 
Tip: Use the experiment with the laser beam in fig 14.1 on page 370 in UE-6 as an 
analogy (example).

7113. How can you explain the observation of two P waves (one faster than the other) during 
earthquakes and explosions?

7124. Which properties of seismic waves do seismologists study and why?

7135. How do the seismic waves reappear deeper in the Earth in the following case? "After 
the P and S waves had travelled beyond about 11 600 km from the earthquake focus, 
they suddenly disappeared!" Use this finding to come to a conclusion about the core 
of the Earth.

714 Feedback

 ☞ The answers to the questions above are based on the text on pages 370–373 in UE-6.

7151. No, the speeds of P and S waves differ in mediums of different density, such as granite 
and basalt.

7162. They will be partly reflected and partly refracted/bent along the interface between 
the two mediums.

7173. The P waves are propagated faster through a rock type like basalt than through, say, 
granite. P waves which pass through basalt will be observed first at a seismic station.

7184. The refraction and reflection of seismic waves reveal certain characteristics of the 
interior of the Earth.

7195. The behaviour of seismic waves deeper in the Earth is as follows: "Then, beyond 
about 15 800 km from the focus ..., the P waves suddenly reappeared as big arrivals, 
but they were much delayed compared to their expected travel times. The S waves 
never reappeared". Because P waves travel more slowly through liquid and S waves are 
totally absorbed by liquid (causing a shadow zone), one can deduce that the outside 
core of the Earth is liquid.

720
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2.3.2  Layering and composition of the interior

721 Read, on pages 374–377 in UE-6, the indicated sections (☞) on the layering 
of the interior of the Earth, and let yourself be guided by the tips (), because 
it is not necessary to know all the particulars in detail.

 ☞ The crust (UE-6, p 374)

7221. According to seismograms, which types of rock occur in the crust?

  Felsic rocks such as granite occur in the upper continental crust, and mafic 
rocks such as gabbro occur in the oceanic crust or the lower continental crust.

7232. Define Moho discontinuity.

  See the glossary in UE-6.

7243. Explain briefly, with the aid of a diagram, how the principle of isostasy makes 
it possible for continents to float or move on solid rocks.

  Use the following concept in your answer: "The additional weight of the 
high mountains is supported by the buoyancy from a deeper root of low-
density crustal rocks". The mountain and its root are portrayed in the figure 
on p 375 in UE-6.

 ☞ The mantle (UE-6, p 376)

7251. According to seismograms, what kinds of rocks occur in the mantle?

  The ultramafic rock peridotite is the primary rock of the upper mantle. Deeper 
in the mantle the atoms of the peridotite crystals are packed more closely 
together because of the higher pressure.

7262. Draw a graph and explain briefly how the speed of S waves varies with depth, and 
correlate this with the physical zoning of lithosphere and asthenosphere.

  Fig 14.8 on page 376 in UE-6 and its labels explain the variation in speed 
that is due to the denser peridotite crystals.

 ☞ The core-mantle boundary (UE-6, p 377)

7271. How can seismologists be sure that the boundary between the mantle and the 
core is a very sharp interface?

  The speed of the S waves suddenly drops to zero.

728



4GEL1503/1

353

7292. Where do mantle plumes originate?

  Possibly in a thin layer right above the core-mantle boundary, where the 
mantle is partly molten in places. There is a steep reduction in wave speeds 
in this area.

 ☞ The core (UE-6, p 377)

7301. Briefly state what the physical state (phase) of the core is and which materials 
constitute it.

  The core material is a nickel-iron composition, which is layered to form a 
fluid outer core and solid inner core.

2.3.3  Earth's internal temperature

731 Study the section "Earth's internal heat and temperature" on pages 378–381 
in UE-6.

732 Exercise

733Do the following exercises with the aid of the indicated tips ().

7341. What is the geothermal gradient of the continental crust?

  The temperature of the continental crust changes with depth by approximately 
20–30° C per kilometre.

7352. Draw a graph of the Earth's geotherm. Briefly discuss the sections of the geotherm 
curve with different gradients, and how these indicate the processes of heat conduc-
tion and convection in the Earth.

  The steep geothermal gradient near the surface of the Earth indicates outward 
cooling through conduction ... .Now continue your discussion of the geotherm 
with regard to the lithosphere, the mantle, and the outer and the inner core, as 
depicted in fig 14.10 and as discussed in the text on page 379 in UE-6.

2.3.4  The three-dimensional structure of the Earth

736 Study the section "The three-dimensional structure of the Earth" on pages 
381–383 in UE-6 as follows:



154

2ENVIRONMENTAL GEOLOGY

 • Read the introductory paragraph cursorily, taking note of what a mantle plume is.
 • You have already read the section on seismic tomography as part of the application 

of a previous study section. Read it again, cursorily, and follow fig 14.11 on page 382 
in UE-6 for background knowledge. Take special note of step 2 of the figure and the 
related text which mentions the mantle plume directly under South Africa.

 • Read the section on the Earth's gravity field cursorily, for your own background 
knowledge.

737 Exercise

738Answer the following questions:

7391. What is a mantle plume?

7402. How is seismic tomography applied to observe rising mantle plumes?

7413. Write down the hypothesis on how a mantle plume might be the cause of the high 
plateaus in South Africa.

742 Feedback

7431. The definition of a mantle plume can be found on page GL-09 of the glossary in UE-6.

7442. Tip: rising, less dense material, such as mantle plumes, slow seismic waves down.

7453. The driving force which hot, rising material exerts on the overlying cold mass of 
crust material is relevant.

2.3.5  Earth's magnetic field and the geodynamo

746 Revision

747Once again study fig 1.14 on page 14 in UE-6 to see the global structure and interaction of 
the main components of the Earth system. Take particular note of how the geodynamic 
system, which probably causes the magnetic field of the Earth, comes into play.

748
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749 Exercise

750Summarise the following sections for thorough studying. Subdivide the sum mary as indi-
cated under "feedback" below.

 • Carefully read the section on the Earth's magnetic field on pages 383–390 in UE-6.
 • Glance at figures 14.13 and 14.14 and their labels on pages 386–387, which describe 

the simple dipole and the complexities at the core-mantle boundary.
 • Study fig 14.16 on page 389 in UE-6, on the magnetisation of sedimentary deposits.

751 Feedback

752Use the following scheme as a guideline for your summary, and let the key words (in 
brackets) help you when revising your summary.

  The geodynamo system (dipole field).
  Behaviour of the magnetic field (nondipole field, secular field, magnetic reversals).
  Paleomagnetism (thermoremanent magnetisation; depositional remanent magneti- 

sation).

2.3.6  Revision and application

753 Revision

7541. Once again read the summary of this study section on pages 390–391 in UE-6.

7552. How does the speed of P waves differ in granite, gabbro and peridotite?

7563. Which findings indicate that the asthenosphere is possibly partly molten? (Slower 
S waves.)

7574. Which findings indicate that the Earth's outer core is molten and consists largely of 
iron?

7585. What is the depth of the core and how do we know that? (P waves suddenly accelerate 
at a depth of 5 150 km.)

7596. What is the difference between heat conduction and convection?
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7607. How can a mountain float on the mantle if both consist of rocks? (Principle of isostasy.)

7618. How do the rocks become magnetised during their formation? (Thermoremanent 
and depositional remanent magnetisation.)

7629. Make sure that you can define and use the following key terms relating to the Earth's 
interior as described in chapter 14 in UE-6:

763

764Key terms and concepts

765

766UE-6, page

767compressional wave 768370

769conduction 770378

771convection 772379

773core-mantle boundary 774377

775depositional remanent magnetisation 776389

777dipole 778383

779geotherm 780379

781geodynamo 782383

783low-velocity zone 784376

785magnetic stratigraphy 786210

787paleomagnetism 788388

789seismic tomography 790381

791shadow zone 792371

793shear wave 794370

795thermoremanent magnetisation 796388

797
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798 Application

Earth issue – Applying the principle of isostasy as an Earth issue theme

 • Look at the graph of seismic wave speed/depth (UE-6, p 374, fig 14.7) and note the 
sudden increase of 8 km/s which indicates the boundary between the crust and the 
mantle.

 • Look at fig 14.8 (UE-6, p 375), where the continental crust takes the form of a moun-
tain with its root below. Changes in seismic wave speed indicate the boundary 
between the crust and the mantle under mountains.

 ☞ Relate the weight of a mountain which is sinking into the mantle (as indicated with 
seismology) to the weight of a glacier which is melting and becoming smaller. Write 
an essay of one to two (1–2) pages, with an appropriate figure, applying the principle 
of isostasy in both instances.

799
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800Study section 2.4

Earth issues relating to internal Earth processes

801 The time scheduled for this section is two (2) hours.

Learning outcomes

802On completion of this study section, you should be able to

 •  demonstrate the understanding, respect and awe you have developed 
(during your exposure to the scientific method and knowledge) for the 
vastness of geological time and processes and the forces of nature – and 
you should be able to convey this in all forms of communication

 •  display a certain attitude with regard to human emergency situations re-
sulting from the mechanisms of geological processes

 •  communicate on the topic of Earth issues, such as the dangers earthquakes 
and tsunamis pose to human existence

 •  link large-scale geological processes in the unifying theoretical framework 
of plate tectonics (such as earthquakes, tsunamis and the melting of 
glaciers), to real-life examples, such as the 2011 tsunami in Japan.

803 General overview of learning content

 ª This study section is based on chapters 7, 13 and 14 in UE-6.

 • The following themes have already been studied as Earth issues in study sections 2.1 
to 2.3: the scales of time, the magnitude and intensity of geological processes, the 
mechanism of tsunamis and the resultant damage, protection during earthquakes, 
and the principle of isostasy as applied to glaciers and mountains.

 • The outcome and objective of this study section is to give you the opportunity to 
take part in discussions on Earth issues arising from some of the subject themes in 
study unit 2. The purpose of these Earth issues is to instil in you a human value in 
terms of which you can understand and respect the greatness of nature and its 
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forces – Earth forces which can build up over a long period of time to be triggered 
all of a sudden causing an earthquake or a tsunami.

 ☞ The above-mentioned themes can be found in the "revision and application" sections 
of study sections 2.1 to 2.3 in the SG.

804 Revising the following Earth issue themes already covered in this study unit 
will help you answer a possible examination question set on them.

2.4.1   Earth issues: perspective and the laws of nature in geologi-
cal processes

805 Revision

806Once again read your notes on all the Earth issues referred to in the "applica tions" sections 
of the following study material which you have already covered. Also make use of the tips 
() below.

 ☞ Perspective creates respect for the greatness of nature (in section 2.1.5)

8071. The scales on which not only individual geological processes, but also the causes 
and effects of numerous of the Earth's processes take place, are extremely varied. 
Measured by the human lifespan and conception of time and space, this is 
something about nature to consider and respect.

  For instance, it takes 150 years to accumulate sufficient deformation energy 
in two moving blocks of rock on a fault, to cause a destructive earthquake 
lasting about 20 seconds.

 ☞ Earthquakes instil respect for the forces of nature (in section 2.2.6)

8081. Compare the number of human deaths caused by the giant tsunami following the 
Sumatra earthquake on 26 December 2004 with the number of deaths caused 
by previous tsunamis.

8092. The deformation forces involved in plate tectonic motions which cause earthquakes 
are enormous.

  Earthquakes have caused more than 10 000 deaths annually during the 
previous century. Simultaneously, immeasurable damage was done to the 
structures erected by humankind.



160

2ENVIRONMENTAL GEOLOGY

8103. Application: The respect for, and understanding of the destructive forces of 
earthquakes and tsunamis that you must by now have developed, would have 
created a preparedness in you that will influence how you would act in such 
circumstances.

 ☞ Principles like that of isostasy describe theories according to scientific laws (in 
section 2.3.6)

8111. Various scientific observations such as the rebound of bent layers of crust when 
a glacier melts, and the investigation of the interior of the Earth with seismic 
waves, contribute to the formulation of natural laws and principles like isostasy. 
The laws of nature are applied in theories. For instance, continental drift, a 
process in the theory of plate tectonics, is based on the principle of isostasy.

812 Summary of study unit 2 – Internal Earth processes

813Within the framework of plate tectonics, you have learnt how the internal heat engine of 
the Earth causes external effects in processes such as mantle convection and continental 
drift. The properties of Earth materials, such as being ductile or brittle, play a role in pro-
cesses like deformation. The deformation of rocks into folds, fractures and faults can in turn 
cause earthquakes and tsunamis. The effects of these destructive geological phenomena 
on humans were investigated as Earth issues, making it possible for you to form your own 
opinion.

814
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815

EXTERNAL EARTH PROCESSES
8163

817 The time scheduled for this study unit is 57 hours.

818 This study unit is based on chapters 16–22 in UE-6.

Learning outcomes

819On completion of this study unit, you should be able to

 •  demonstrate your understanding of the causes and effects of mass move-
ments such as landslides

 •  demonstrate your understanding of the prevalence and processes of 
groundwater in terms of the hydrologic cycle

 •  explain how water streams cause erosion and sedimentation during the 
formation of drainage networks and landscapes such as valleys and flood  
plains

 •  explain how wind is an agent of eolian erosion, the formation and move-
ment of sand dunes, and the formation of desert landscapes

 •  explain how ice as a rock forms glaciers which move forward by means of 
plastic flow or basal slip, and how glaciers form landscapes and deposit 
glacier debris

 •  describe submarine geological structures such as rift valleys, as well as 
processes such as the origin of turbidity currents

 •  demonstrate your understanding of landscapes and the formative geo-
logical processes of erosion and sedimentation, and describe the inter-
relationship between landscapes and these geological processes

 •  give your own input on Earth issues such as the use of limited water 
resources, and Earth policies such as the responsible use of beaches
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871Study section 3.1

Weathering, erosion and mass wasting

872 The time scheduled for this study section is three (3) hours.

Learning outcomes

873On completion of this study section, you should be able to

 • distinguish between mass wasting and mass movements
 •  demonstrate an understanding of the mechanism of mass movements 

and the factors controlling it
 •  display your background knowledge of the classification and origins of 

mass movements
 • name the plate tectonic environments of mass wasting
 • suggest, as an application, an Earth policy that will prevent landslides

874 General overview of learning content

 ª This study section is based on parts of chapter 16 in UE-6, pages 421–453.

 • The following themes referred to in the scheme on page 421 will be discussed: what 
makes masses move; the classification of mass movements; and understanding the 
origins of mass movements.

 • The objective and outcomes are to understand why the different types of mass of soil 
materials move, and which factors, such as the weather, plate tectonic environment 
and human activities, contribute towards mass movements. This study section 
focuses particularly on understanding the mechanism and characteristics of mass 
movements, as well as the factors in nature and humankind that interact to contribute 
to such mass movements.

 ☞ The above-mentioned themes can be found under the various subheadings through-
out chapter 16. Note which figures and tables go with each subheading. Also read the 
summary on page 453 in UE-6 cursorily, the first time round.
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875 Introductory remarks

876Read the introductory paragraphs of chapter 16, on pages 422–452 in UE-6 ("Mass wasting") 
cursorily, and then use the glossary to distinguish between the following four geological 
terms:

 • Weathering
 • Erosion
 •  Mass wasting: This is a general term which includes all processes by which masses 

of rock and soil move downhill under the influence of gravity. "Mass wasting includes 
slow displacements, such as creep and solifluction, and rapid movements such as 
rockfalls, rockslides, and debris flows" (BJ3 [Bates & Jackson, one of your recommended 
books – see at the beginning of the SG], p 405).

 •  Mass movement: This is the downhill movement of masses of soil or rock under the 
force of gravity. It is a "unit movement of a portion of the land surface" (BJ3, p 405).

   The difference is this:  Mass wasting is a manner in which a mass moves, for example 
sliding. This manner of movement of a mass is described further and more specifically 
in a classification by specifying the velocity at which it moves, the nature of the material 
involved, and movement as a unit. Such an accurate description of a specific case is 
called a mass movement, for instance a rock�slide. The general term "mass wasting" 
still applies to this example, because the sliding process takes place under the in-
fluence of gravitation.

3.1.1  What makes masses move?

877 Study the following sections in the textbook:

8781. Carefully read the short descriptions of the three factors that influence mass move-
ments, namely the nature of the slope material, the steepness and stability of slopes, 
and water content – and correlate this with table 16.4 on page 436 in UE-6.

8792. Carefully read steps 1–9 of fig 16.13 on page 437 in UE-6, while studying the relevant 
diagrams, so that you can visualise the mechanism of the three factors mentioned 
above. Practise making 2-D sketches of some of the figures you deem important.

8803. Carefully read the entire discussion under the heading "Slope materials", on page 436 
in UE-6.

8814. Carefully read the entire discussion under the heading "Water content", on page 438 
in UE-6.
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8825. Carefully read the entire discussion under the heading "Slope steepness", on page 
439 in UE-6.

8836. Carefully read the text under the heading "Triggers of mass movements", on page 
440 in UE-6.

884 Exercise

885Do the following exercises with the aid of the key concepts () and the references to 
UE-6.

8861. Define the angle of repose of a sand pile. Discuss briefly why the sand pile remains 
stable and motionless with slope angles smaller than, or equal to, the angle of re-
pose. What happens if the angle of repose becomes too steep, and why?

887 Key concept: Maximum slope angle without collapsing; friction between sand grains.

8882. Make a drawing of a pile of each of the following unconsolidated materials, showing 
how the angle of repose changes with grain size and angularity: fine sand, coarse 
sand, and angular pebbles.

889 Key concept: Angle of repose increases with grain size and angularity.

8903. Briefly discuss cohesion, friction and lubrication between grains, and the resultant 
ability of damp, dry and water-saturated sand piles to move.

891 Key concept: The angle of repose of damp sand is larger than that of dry sand.

8924. Describe briefly how the weathering and fragmentation of different rocks such as 
shale and granite influence the steepness and stability of a slope and cause mass waste.

893 Key concept: Fragments accumulate on slope until angle of repose is exceeded.

8945. What role do earthquakes play in the occurrence of landslides?

895 Key concept: The shaking ground serves as a trigger.

3.1.2  Classification of mass movements

896 General overview (for background knowledge)

 • Page quickly through the section on the classification of mass movements and the 
accompanying figures (UE-6, pp 441–448).
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 • You should merely take note of this section in order to know where to find the rele-
vant information if you should need it. You will not be examined on it.

 • Look at the 3-D diagrams of the different kinds of mass movements in the classification 
table (UE-6, p 442, fig 16.17) so that you will be able to recognise these in nature and 
find them in the textbook.

 • The classification of mass movements is done according to three already known fac-
tors, namely the nature of the material (consolidated or not), and the velocity and the 
nature of the motion.

3.1.3  Understanding the origins of mass movements

897 Study the relevant sections in UE-6 as follows:

 • Carefully read the introductory paragraph to this section on page 449 in UE-6.
 • Read the section "Natural causes of landslides" on page 449 cursorily, together with 

the photographs and figures, in order to take note of the examples given.
 • Read the section "Human activities that promote or trigger slides" on page 450 in 

UE-6 cursorily, as part of the Earth policy theme.

898 Summary

899Make a short summary of the ways in which mass waste may occur at the three types 
of tectonic plate boundaries.

900Key concept: Steep mountain slopes at convergent zones, volcanoes that spew ash, steep 
slopes in rift valleys, and so forth.

3.1.4  Revision and application

901 Revision

9021. Once again read the summary of this study section on page 452 in UE-6.

9032. Distinguish between the terms "mass waste" and "mass movement" (SG, study sec-
tion 3.1).

9043. How does the absorption of water weaken unconsolidated material?
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9054. What is the difference between a slide and a flow?

9065. What is the angle of repose and how does it vary with water content?

9076. How does the steepness of a slope affect mass waste?

9087.  Make sure that you can define the following key terms as discussed in chapter 16 
of UE-6:

909

910Key terms and concepts

911

912UE-6, page

913angle of repose 914436

915consolidated materials 916436

917creep 918444

919debris flow 920420

921liquefaction 922439

923mass movement 924435

925mass wasting 926422

927unconsolidated materials 928436

929 Application

Earth policy to prevent landslides

930Read the following texts and relevant sections in UE-6:

 • "Human activities that promote or trigger slides" on page 450 in UE-6.
 • If you have recently read an article in the popular press on one of the mass movements 

depicted in the classification in fig 16.17 on page 442 in UE-6, read it again and check 
its accuracy (whether the facts given are geologically correct).

931Use the reading matter above to write a short essay focusing on the stabilising and drain-
age of building sites against slopes.

932
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933Study section 3.2

The hydrologic cycle and groundwater

934 The time scheduled for this study section is 11 hours.

Learning outcomes

935On completion of this study section, you should be able to

 •  demonstrate an understanding of the hydrologic cycle as a component 
of the Earth system

 •  demonstrate an understanding of the geology of groundwater with 
regard to porosity, permeability and aquifers

 •  demonstrate an understanding of the water table and dynamics of ground-
water as far as boreholes (wells) are concerned

 • describe the subsurface erosion caused by the movement of groundwater
 •  demonstrate an understanding of the presence of water deep in the crust 

and near hot magma
 •  arrive at a synthesis on the responsible use of water in South Africa, be-

cause of your knowledge of different relevant Earth issue themes

936 General overview of learning content

 ª This study section is based on parts of chapter 17 in UE-6, pages 455–481.

 • You will study the following themes referred to in the scheme on page 455: the 
hydrologic cycle, which incorporates flows and reservoirs; hydrology and climate; 
the hydrology of runoff; groundwater; erosion by groundwater; water quality; and 
water deep in the crust. These themes focus in particular on the hydrologic cycle as 
part of the Earth system, climate and drought, the geology of groundwater, water 
quality and water deep in the crust.
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 • The objective of this chapter in UE-6 is to conduct "a survey of water in and on 
the Earth". The outcome of this study section is to achieve an understanding of the 
geology of water in and on the Earth.

 ☞ The above-mentioned themes can be found under the different subheadings through-
out chapter 17. Note which figures belong to each subheading. Also read the summary 
on page 480 in UE-6 cursorily the first time round.

 ☞ Read the introductory paragraphs of chapter 17 on pages 455–458 in UE-6, where the 
authors give an overview of the presence of water in and on the Earth.

3.2.1  The geologic cycling of water

937 Study the section "The geologic cycling of water" on pages 456–458 in UE-6 
as follows:

 • Read the introductory paragraphs and subsequent section on page 456 in UE-6 
cursorily. The definitions of "groundwater" and "reservoir" are given, as well as an 
explanation of how much water there is.

 • Carefully read the section "The hydrologic cycle" on page 457 in UE-6. Simplify fig 17.2 
(UE-6, p 457) on the hydrologic cycle for yourself by drawing it in two dimensions 
(2-D). Indicate what the main components of interaction between the different 
Earth systems, such as infiltration, evaporation, etc entail.

938 Exercise

939Do the following exercises with the aid of the references ():

 ☞  Revise the main components and subsystems of the Earth system, for instance the 
climate system, which has the atmosphere and hydrosphere as subsystems.

9401.  Indicate, in a simple figure, the possible ways the climate system and the plate 
tectonic system can interact as a result of the flow of water.

  See fig 17.2 on page 457 in UE-6, which indicates the hydrological processes of 
evaporation, precipitation, runoff and infiltration, and refers to the groundwater 
table.

9412. Summarise briefly, in words, how water in and on the Earth moves between reser-
voirs in the hydrologic cycle.

  Tip: Water can move in all three of its phases (gas, liquid, solid).
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3.2.2  Hydrology and climate

942 Read the following sections in UE-6 cursorily for background knowledge, 
paying special attention to the issue of droughts.

 • "Hydrology and climate", where humidity, rainfall, landscape and droughts are 
discussed.

 • "The hydrology of runoff", that is the runoff between reservoirs during wet and dry 
periods.

3.2.3  Hydrology of groundwater

943 Study the section "Hydrology of groundwater" on pages 463–470 in UE-6 as 
follows:

 ☞ Take note of the definition of an aquifer in the introductory paragraph on page 466 
in UE-6.

 • Carefully read the section "Porosity and permeability", including fig 17.9 ("Pores in 
rocks ...") and table 17.2 ("Porosity and permeability of aquifer rock types") on pages 
464–465 in UE-6.

 • Carefully read the section "The groundwater table", together with fig 17.10 ("The 
groundwater table is the boundary ...") and fig 17.11 ("Dynamics of the groundwater 
table ...") on pages 466–467.

 • Carefully read the section "Aquifers", together with fig 17.12 ("A confined aquifer ...") 
and fig 17.14 ("A perched water table ...") on pages 467–468 in UE-6.

 • Carefully read the section "Balancing recharge and discharge", together with fig 17.15 
("Excessive pumping ... water table into cone-shaped depression") on pages 468–469.

 • Merely take note of the section "The speed of groundwater flows" on page 470 in 
UE-6. You will not be examined on it.

944 Exercise

945Do the following exercises while referring to the key concepts and references () provided.

9461.  Explain how the porosity of rocks relates to their permeability.

  See UE-6 on how much water a rock can hold and how fast it can travel through 
a rock.
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9472. Indicate on different sketches how cementing, roundness (shape) and the sorting 
of grains can change the porosity of sandstone.

  See fig 17.9 on page 464 in UE-6 – pores in rocks are usually fully or partially filled 
with water.

9483.  Draw a simple 2-D profile of the relative positions of the surface of the Earth, the 
unsaturated (vadose) zone, the water table, and the saturated (phreatic) zone.

  Distinguish between the saturated and unsaturated zone (UE-6, p 465, fig 17.10).

9494.  Follow steps 1–10 in fig 17.11 (UE-6, p 466), which explains how the water table rises 
and drops in wet and dry periods.

  During wet periods the water table is high, etc.

9505. Sketch a 2-D profile to demonstrate the following situation: an aquifer situated be-
tween two aquicludes, and an artesian well that yields water.

  See fig 17.12 on page 467 in UE-6. A two-dimensional sketch is sufficient.

9516.  Discuss briefly, with the aid of a diagram, the condition of the water table in an aquifer 
if the water is pumped out faster from a well than it can be replenished.

  A cone-shaped depression is formed.

3.2.4  Erosion by groundwater

952 Study the section "Erosion by groundwater" on pages 472–475 in UE-6 thoroughly.

953 Exercise

954Answer the following questions:

9551. Briefly explain the process by which groundwater dissolves limestone.

9562. Relate the dissolution of limestone to karst topography.

957 Feedback (tips for answering the questions above)

9581. Start with "Carbon dioxide-rich water infiltrates the soluble rocks from the surface ..." 
and explain further.
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9592. Karst topography comes about through the formation of sinkholes and caves and 
lacks surface streams. Explain further.

3.2.5  Water quality

960 Read the following sections on water quality on pages 475–478 in UE-6 cur-
sorily for background knowledge:

 • "Contamination of the water supply"
 • "Is the water drinkable?"
 • Use the above-mentioned sections as sources for doing the Earth issue exercises in 

this study section, especially in respect of the question whether the contamination 
of water can be reversed to the extent that it becomes drinkable again.

  Water contamination is reversible (under certain conditions) and standards have 
been set for drinkable water.

3.2.6  Water deep in the crust

961 Study the following sections and figures in UE-6 thoroughly:

 • The section "Water deep in the crust" on pages 478–480 in UE-6 
 • Fig 17.25 ("The distribution of water in a typical section of continental crust") on page 

478 in UE-6
 • Fig 17.27 ("Circulation of water over a magma body produces geysers or hot springs") 

on page 480 in UE-6

962 Exercise

963Answer the following questions with the aid of the tips and references ().

9641. Illustrate the following statement with one or two sketches: "Porosity and water 
content generally decrease with increasing depth and greater structural deformation."

  See the micro-scale depiction of particles in fig 17.25 on page 478 in UE-6.

9652. Make a 2-D sketch with labels to show how the water content of the crust changes 
over a depth of 10 km. Also indicate the deformation of sedimentary rocks.

  The macro-scale section (profile) in fig 17.25 on page 478 in UE-6 illustrates the 
statement above. A two-dimensional sketch is sufficient.
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9663. Discuss briefly the origin of the water that is heated by magma and appears as 
hydrothermal water in the form of geysers and hot springs.

  Meteoric water and water from the magma itself constitute hydrothermal water. 
Expand on this, referring to pages 478–479 in UE-6.

3.2.7  Revision and application

967 Revision

9681.  Once again read the summary of this study section on page 480 in UE-6.

9692.  Name the active processes of the hydrologic cycle, such as infiltration.

9703.  What are an aquifer and an aquiclude?

9714.  What is the difference between saturated and unsaturated zones of groundwater?

9725.  Which aspects of the recharge and discharge of groundwater contribute to instability 
in the water table?

9736.  Briefly describe a theory which explains the intermittent nature of geyser eruptions.

9747.  Make sure that you can define and use the following key terms used in chapter 17 
in UE-6:

975

976Key terms and concepts

977

978UE-6, page

979aquiclude 980466

981aquifer 982466

983artesian flow 984467

985un/confined aquifer 986467

987discharge 988466

989effluent stream 990466

991groundwater 992456

993groundwater table 994465

995/continued ...
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996hydrologic cycle 997457

998hydrothermal water 999478

1000influent stream 1001466

1002karst topography 1003474

1004meteoric water 1005463

1006perched water table 1007467

1008permeability 1009465

1010recharge 1011466

1012un/saturated zone 1013465

1014 Application

Earth issues

10151. Earth issue – Limited water in South Africa

 • Use the texts on hydrology and climate mentioned in section 3.2.2 as a source 
for this theme.

 • Read the Earth Policy "Water is a precious resource: who should get it?" on page 
460 in UE-6 cursorily, concentrating on the factors mentioned below.

 • Briefly discuss the influence of the following factors on water consumption in 
South Africa: individual needs; industrial and agricultural consumption; the cost 
of water; traditional use of water; limited water supplies; and the hydrologic 
cycle, which includes borehole water (wells).

  From your discussion, draw a conclusion on whether or not South Africa has 
a limited water supply.

10162. Earth issue – The responsible use of water in South Africa

 • Read the section on the Earth Policy on page 473 in UE-6 cursorily, concentrating 
on the factors mentioned below.

  Is it your hypothesis (suspicion/feeling) that there is enough water in South 
Africa's soil to meet its needs with boreholes (wells)? Substantiate your hy-
pothesis in a few sentences.

1017
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 • Use the text on water quality mentioned in section 3.2.5 as a source for this theme.

  Is it your hypothesis (suspicion/feeling) that the groundwater in South Africa 
is being polluted? Give a number of ways in which you suspect pollution 
might be taking place.

  Integrate the three short thematic answers you have given above () into 
one synthesis (composition) on the limited availability of water, on borehole 
(well) water, and on water pollution in South Africa. Then use this synthesis 
to make some recommendations for the way in which, in your view, water 
consumption could be handled in a responsible manner in South Africa.

1018
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1019Study section 3.3

Streams – transport to the oceans

1020 The time scheduled for this study section is 11 hours.

Learning outcomes

1021On completion of this study section, you should be able to

 • explain how streams of water flow and transport earth materials
 • explain how erosion and sedimentation processes take place
 • explain how stream valleys, channels and floodplains come into being
 • describe typical drainage patterns
 • describe how rivers get to flow into the ocean in a delta shape
 • reason about the Earth issue of human habitation on floodplains

1022 General overview of learning content

 ª This study section is based on parts of chapter 18 of UE-6, pages 483–511.

 • You will study the following themes referred to in the scheme on page 483: the form 
of streams; stream loads and sediment movement; how running water erodes solid 
rock; stream valleys, channels, and floodplains; drainage networks; and deltas, the 
mouths of rivers. This study section focuses particularly on how stream waters flow 
and transport sediment, how rocks erode, and how streams form drainage patterns 
in which they flow to the ocean.

 • The overall objective of this chapter in UE-6 is to explain the processes whereby 
streams of water interact with the different parts of the Earth system. For instance, the 
water in a steam is derived from the atmosphere, and eroded materials (lithosphere) 
are transported to the sea in rivers. The outcome of this study section is to create an 
understanding of how the hydrologic cycle, through stream flow, interacts with the 
tectonic, climate and biological spheres (UE-6, p 484).
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 ☞ The themes mentioned above can be found under the different subheadings through-
out chapter 18 in UE-6. Note which figures go with each subheading. Also read the 
summary on page 510 in UE-6 cursorily the first time round.

 ☞ Read the introductory paragraphs of chapter 18 on pages 483–484, where the authors 
give an overview of the geological processes that take place in flowing streams.

3.3.1  The form of streams

1023 Study the following sections in UE-6 thoroughly:

 ☞ Take special note of the following sentence on page 484 in UE-6: "We reserve the word 
stream for any flowing body of water, large or small, and river for the major branches 
of a large stream system."

 ☞ Study the section "The form of streams" thoroughly, together with fig 18.1 on page 
485 in UE-6.

1024 Exercise

1025Make sure that you can answer the following questions and expand on the short answers 
() by referring to the indicated passages in UE-6.

10261. Define a stream line.

  Stream lines are the lines of movement of a particle in a flow (UE-6, p 494).

10272. Briefly describe laminar flow in a fluid/flow.

  In laminar flow, the movement is along straight or gently curved lines (UE-6, 
p 494).

10283. Briefly describe turbulent flow in a liquid/flow.

  "Turbulent flow has a more complex pattern of movement, in which streamlines 
mix, cross, and form swirls and eddies" (UE-6, p 494).

10294. Which three factors determine whether flow will be laminar or turbulent?

  The velocity, geometry and viscosity of the fluid/stream (UE-6, p 494).

1030
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3.3.2  Stream loads and sediment movement

1031 Study the section "Stream loads and sediment movement" on pages 494–496 
in UE-6 thoroughly, as follows:

 • Carefully read the section "Erosion and transport" on page 495 in UE-6, together with 
fig 18.15 with its labels (steps 1–7), where the ways (such as saltation) in which particles 
move in streams are described.

 • Read the section "Settling from suspension" cursorily for background knowledge.
 • Carefully read the section "Bed forms: dunes and ripples" on pages 496–497 in UE-6, 

together with fig 18.17 ("The change in the form of a sand bed with increasing flow 
velocity").

 • Make sure that you know the meaning of the term "ripple" (UE-6, Glossary, p GL-12). 
The term "ripple" refers to a sedimentary structure, the upper side (of a bed) of which 
is not flat, but corrugated. It is formed in a stream by, amongst other things, the 
process of saltation. "Ripples are very small dunes – with heights ranging from less 
than a centimeter to several centimeters – whose long dimension is formed at right 
angles to the current".

1032 Exercise

1033Make sure that you can answer the following questions and expand on the short answers 
and tips () by referring to the indicated passages in UE-6.

10341.  Which two Earth system components interact to transport sediments in streams?

  The hydrosphere and lithosphere.

10352.  How would stream velocity influence the transport of different particle sizes of the 
various sediments if the bed of a river were to consist of sand, silt and clay?

  Particles are transported in suspension in a water stream, or through sliding 
and rolling movements, or by saltation (jumping movements).

10363.  Define the ability of a stream to transport load.

  It is a flow's ability to carry material of a given size. A greater stream velocity ... 
(complete the statement).

10374.  Name one property that distinguishes dunes and ripples in large rivers.

  There is a difference in height. Dunes may be metres high in rivers, whereas 
ripples are only centimetres high.
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10385.  With the aid of a sketch, describe briefly how the shape of a sand layer on the bed 
of a river changes as the flow moves it downstream. Also indicate a cross-bedded 
structure on your sketch.

  See fig 18.17 on page 497 in UE-6. Tips: Different stream velocities have diff erent 
effects; cross-layers are not deposited horizontally.

3.3.3  How running water erodes solid rock

1039 Summarise the following sections of "How water erodes solid rock" on pages 
492–493 in UE-6:

 • The introductory paragraph and "Abrasion" on page 492 in UE-6. 
 • "Chemical and physical weathering" on page 492. 
 • "The undercutting action of currents" on page 492.

  See the summary on page 510 in UE-6: "Running water erodes solid rock by abrasion; 
by chemical weathering that enlarges and opens cracks; by physical weathering as 
sand, pebbles, and boulders crash against rock; and by the plucking and undercutting 
actions of currents."

3.3.4  Stream valleys, channels, and floodplains

1040 Study the section "Stream valleys, channels, and floodplains" on pages 484–
488 in UE-6 thoroughly, as follows:

 • The introductory paragraph, "Stream valleys" and fig 18.1 with its labels on page 485 
in UE-6.

 • "Channel patterns" on pages 485–486, including figure 18.3, which explains that chan- 
nel patterns depend on flow velocity and sediment load.

 • "The stream flood plain" and fig 18.5, on page 487.

1041 Exercise

1042Answer the following questions and check the answers () against the text references.

10431. Draw a sketch showing a river flowing into a channel, another (river) moving over a 
floodplain, and another situated in a valley.

  See fig 18.1 on page 485, the lower, enlarged sketch.
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10442. Say, in one or two sentences, what a "point bar" is, and how it develops.

  Key words: erosion, outside bank, curved sandbar, inside bank, slower current

10453. Describe, using sketches, how a low-velocity river with a small sediment load meanders 
and ultimately forms an oxbow lake.

  See steps 1–7 of fig 18.3 on page 486 in UE-6. Tip: point bars are formed as a 
river meanders.

10464. Under what circumstances do braided streams develop?

  See page 486 in UE-6. Key concepts: great variation in flow volume; large sediment 
load.

10475. How is a natural levée formed at the edge of a river's channel?

  See page 487–488 in UE-6. Tips: coarse sediment; successive floods.

3.3.5  Drainage networks

1048 Study the section "Drainage networks" on pages 490–491 in UE-6 thoroughly, 
as follows:

 • Pages 490–491 in UE-6: the introductory paragraph and the section "Drainage pat-
terns", including fig 18.6 ("Stream valleys and drainage basins ...") and fig 18.8 ("Typical 
drainage networks").

 • Pages 490–491 in UE-6: the section "Drainage patterns and geologic history", together 
with fig 18.9 (a) ("An antecedent stream") and fig 18.10 ("The development of a super-
posed stream ...").

1049 Exercise

1050Answer the following questions and check the answers with the aid of the key concepts 
() and the references to your textbook:

10511. Describe briefly, by means of a sketch, what a drainage basin is.

  A basin collects water in streams. See fig 18.6 on page 488 in UE-6.

10522. For each of the following drainage patterns, draw a 2–D plan illustrating the direction 
of flow by means of arrows: a trunk stream with a tributary which displays dendritic 
drainage; which displays rectangular drainage; which displays trellis drainage; and 
which displays radial drainage.
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  Most rivers follow the same kind of irregular branching pattern. See fig 18.8 on 
page 490 in UE-6.

10533. With the aid of sketches, describe the development of a superposed stream.

  The resistance of bed layers against erosion may vary. See fig 18.9 on page 491 
in UE-6.

3.3.6  Deltas: the mouths of rivers

1054 Study the section "Deltas: the mouths of rivers" on pages 497–499 in UE-6, as 
follows:

 • Study the introductory paragraph and the section "Delta sedimentation", together 
with fig 18.18 ("A typical large marine delta ...") on pages 497–499 in UE-6 thoroughly.

 • Read "The growth of deltas" on page 498 cursorily. Take note how LANDSAT can photo-
graph delta sedimentation by means of infrared.

 • Read "The effects of waves, tides and tectonics" on page 499 cursorily in order to gain 
an understanding of delta formation within the framework of plate tectonics.

1055 Exercise

1056Do the following exercise and check your answer against the key concepts () and the 
textbook reference:

10571. Use a sketch to describe briefly how a river that flows into the ocean forms a delta 
at its mouth.

  See fig 18.16 on page 496 in UE-6, where topset beds, foreset beds and bottomset 
beds are illustrated.

3.3.7  Revision and application

1058 Revision

10591. Once again read the summary of this study section on page 510 in UE-6.

10602. How does velocity determine whether a given flow will be laminar or turbulent?

10613. What are dunes and ripples?
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10624. How do braided streams and meanders differ from each other?

10635. What is a delta distributary?

10646. Make sure that you can define and use the following key terms in respect of water 
streams that carry earth loads to the oceans (UE-6, chapter 18):

1065

1066Key terms and concepts

1067

1068UE-6, page

1069antecedent stream 1070490

1071bed load 1072495

1073bottomset bed 1074497

1075braided stream 1076486

1077capacity 1078495

1079channel 1080495

1081competence 1082495

1083delta 1084497

1085dendritic drainage 1086490

1087discharge 1088466

1089distributary 1090497

1091drainage basin 1092489

1093drainage network 1094490

1095floodplain 1096484

1097foreset bed 1098497

1099laminar flow 1100494

1101natural levée 1102487

1103oxbow lake 1104486

1105point bar 1106485

1107ripple 1108496

1109saltation 1110495

1111stream 1112484

1113superposed stream 1114490

1115/continued ...
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1116suspended load 1117495

1118topset bed 1119497

1120tributary 1121490

1122turbulent flow 1123494

1124valley 1125484

1126viscosity 112795

1128 Application

Earth issue – Human habitation of a floodplain

 • Read the section "Earth issues – the development of cities on floodplains" on page 
488 in UE-6.

 • Find an article to read in the popular press on one of the areas in Southern Africa which 
is flooded regularly, such as KwaZulu-Natal, the Western Cape or Mozambique. Decide 
whether the flood in question happened on a floodplain.

 ☞ Weigh up some of the advantages, like fertile soil on a floodplain, against the dangers 
of people inhabiting such an area. Can floodplains be protected from floods?

1129
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1130Study section 3.4

Winds and deserts

1131 The time scheduled for this study section is 11 hours.

Learning outcomes

1132On completion of this study section, you should be able to

 • explain that wind is the flow of air in a current
 •  explain how wind acts as agent for transport, erosion and the deposition 

of earth materials during the process of eolian erosion
 •  explain how sand dunes are formed, how they move and what types of 

dune there are
 • explain how desert landscapes are formed
 • explain why desertification is an Earth issue in Southern Africa

1133 General overview of learning content

 ª This study section is based on parts of chapter 19 of UE-6, pages 513–533.

 • You will study the following themes referred to in the scheme on page 513: wind as 
a flow of air, as a transport agent, as an agent of erosion, as a depositional agent, and 
wind in the desert environment. This study section focuses on how wind acts as an 
agent of erosion during the transport and deposition of loose grains of earth material, 
especially in the desert environment.

 • The objective and outcome of this chapter in UE-6 (as stated in blue on page 514 in 
UE-6) is to gain an understanding of the influence of wind and the power with which 
it shapes the surface of the Earth, especially in deserts.

 ☞ The above-mentioned themes can be found under the different subheadings through-
out chapter 19. Note which figures belong to which subheading. Also read the sum-
mary on pages 532–533 in UE-6 cursorily, the first time round.
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3.4.1  Global wind patterns

1134 Read the following section cursorily for background knowledge:

 • Read the section "Global wind patterns" on pages 514–515 in UE-6 cursorily to take 
note of the flow properties of air.

  Wind, as a flow, acts according to the same laws of nature as a flow of water ex-
cept that it is not confined to channels, but flows in all directions.

3.4.2  Wind as a transport agent

1135 Study the relevant sections in UE-6, as follows:

 • Carefully read the introductory paragraph to this section on page 515.
 • Carefully read the section "Wind strength" on page 515, taking note of fig 19.2.
 • Carefully read the section "Particle size" on page 515.
 • Carefully read the section "Surface material" on page 516.
 • Read the section "Materials carried by wind" on page 516 cursorily, taking note of 

windblown dust, windblown sand and frosted and rounded grains.

1136 Summary

 • Make a short summary of the factors that influence the transport of earth material 
grains by wind.

  Relevant factors are mentioned on page 515 in UE-6: "The amount of material the 
wind can carry depends on the strength of the wind, the sizes of the particles, 
and the surface materials of the area over which the wind blows".

3.4.3  Wind as an agent of erosion

1137 Study the relevant sections in UE-6, as follows:

 • Study the introductory paragraph and the section "Sandblasting" on page 518, to-
gether with fig 19.5 ("A ventifact"), thoroughly.
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 • Study the section "Deflation" and steps 1–5 of fig 19.7 ("Desert pavement ...") thoroughly. 
Look at the photos in fig 19.6 ("A shallow deflation hollow ...") and fig 19.7 to get a 
better idea of these concepts.

1138 Exercise

11391. Briefly explain the process whereby a pebble gets its flat surfaces (which meet at sharp 
ridges) through sandblasting.

  High-speed sand particles in the wind collide incessantly with the windward side 
of a pebble and polishes it until it is smooth. When a strong wind rolls the pebble 
over, another side is sandblasted.

11402. Briefly describe the two theories on how a desert pavement is formed, and give your 
own opinion on which of the two is more likely to be true.

  The two theories are: (i) the process of deflation results in a desert pavement, 
and (ii) pebbles are driven to the surface during soil-formation processes (UE-6, 
pp 518–519, including fig 19.7). Briefly describe each.

3.4.4  Wind as a depositional agent

1141 Work through the following sections in UE-6, as indicated:

 • Read the introductory paragraph and the section "Where sand dunes form" cursorily 
for background knowledge.

 • Study the section "How sand dunes form and move" thoroughly, together with the 
sketches of fig 19.10 ("Sand dunes may form in the lee of a rock ...") and steps 1–5 
of fig 19.11 ("Sand dune formation ...").

1142 Exercise

1143Answer the following questions on the formation and movement of sand dunes with 
aid of the tips () provided.

11441. Describe how the particles in a sand bed are driven downwind to form ripples.

  Grains saltate in the wind. Ripples are transverse, that is, at right angles to the 
rent.
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11452. Describe briefly, with the aid of sketches, how sand grains blown in the wind form 
a dune on the lee side of an obstacle.

  The velocity, and therefore the carrying capacity of wind, is lowest on the lee 
side of the object on the ground. See the text and fig 19.10 on page 521 in UE-6.

11463. Explain, with the aid of sketches, how a sand dune is eroded on the windward side, 
grows to a limited height on the lee side, and is thus displaced downwind if wind 
keeps exerting its forces on it in the long run.

  The processes of saltation, deposition and slip are relevant (UE-6, p 522, fig 19.11).

1147 Study the various types of dune, as discussed on page 523 in UE-6, as 
follows:

 • Practise drawing and giving a brief description of each of the four types of dune 
mentioned below ().

  Barchans – crescent-shaped dunes, concave downwind
  Transverse dunes – long ridges at right angles to the wind direction
  Blowout dunes – crescent-shaped dunes, convex downwind
  Linear or longitudinal dunes – long ridges parallel to the wind direction

1148 Study the formation of loess thoroughly, and read the rest of the section "Dust 
fall and loess" on pages 523–524 in UE-6 cursorily.

 • Write down what loess is and how it forms.

  "As the velocity of dust-laden wind decreases, the dust settles to form loess, a 
blanket of sediment composed of fine-grained particles" (UE-6, p 523). Make 
two brief comments on the stratification and fertility of loess.

3.4.5  The desert environment

1149 Study the relevant sections in UE-6, as follows:

 • UE-6, pages 524–530. Read the section "Where deserts are found" cursorily and 
take note of where the Kalahari, Namib and Sahara deserts are situated in Africa.

 • UE-6, pages 527–528. Read the section "Desert weathering" cursorily.
 • UE-6, pages 529–531. Summarise the text under the heading "Desert sediment 

and sedimentation".



4GEL1503/1

389

  Make brief notes on each of the three types of sediment, that is alluvial, eolian 
and evaporite sediment.

 • UE-6, pages 529–531. Carefully read the section "Desert landscape", including fig 19.21 
on the evolution of pediment.

1150 Exercise

1151Answer the following questions with the aid of the tips () provided.

11521. Define the term "pediment", which is the description of a typical desert land form.

  A pediment consists of eroded bedrock surface and a mountain front which 
retreats to form a broad, gently sloping platform.

11532. Draw and describe the four developmental stages of a typical pediment.

  UE-6, pages 529–530, fig 19.21: "... a pediment is formed by running water that 
both cuts the erosional platform above and deposits an alluvial fan apron below".

3.4.6  Revision and application

1154 Revision

11551. Once again read the summary of this study section on pages 532–533 in UE-6.

11562. What kinds of materials and grain sizes can wind transport ("particle size")?

11573. How does vegetation slow down the deflation process?

11584. Where are sand dunes formed?

11595. Name three types of sand dune and the position of each in relation to the wind 
direction.

11606. Which typical desert landform consists of sediment?

11617. How is loess formed?

11628. Make sure that you can define and apply the following key terms in respect of winds 
and deserts, as discussed in chapter 19 in UE-6:

1163
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1164

1165Key terms and concepts

1166

1167UE-6, page

1168barchan 1169522

1170blowout dune 1171522

1172deflation 1173519

1174desertification 1175525

1176desert pavement 1177519

1178linear (longitudinal) dune 1179522

1180loess 1181523

1182pediment 1183530

1184playa 1185529

1186sandblasting 1187518

1188slip face 1189522

1190transverse dune 1191522

1192ventifact 1193518

1194 Application

Earth issue – Desertification in Southern Africa

 • Use the map of the desert areas of the world (UE-6, p 525, fig 19.15) to decide whether 
the landscape of Southern Africa is arid or semiarid.

 • Discuss briefly the influence that plate tectonics, climate change, and human inhabi-
tants have on the process of desertification in Southern Africa. Use the section on 
pages 524–525 in UE-6 as a basis and apply it to Southern Africa.

 ☞ From the above, conclude briefly, in writing, what the main causes of desertification 
in Southern Africa are, and make suggestions on how the inhabitants (humankind 
and animals) can limit their contribution to desertification.

1195
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1196Study section 3.5

Glaciers – the work of ice

1197 The time scheduled for this study section is six (6) hours.

Learning outcomes

1198On completion of this study section, you should be able to explain

 •  that ice crystals constitute a mineral which compacts to form like a rock 
ice

 •  that glacier balance involves the simultaneous accumulation and ablation 
of ice

 • that glaciers move by means of plastic flow or basal slip
 • how glacier landscapes such as a hanging valley and an esker are formed
 •  how a controversy in the Snowball Earth hypothesis can be applied as 

a research method in geological science

1199 General overview of learning content

 ª This study section is based on part of chapter 21 of UE-6, pages 569–596.

 • You will study the following themes referred to in the scheme on page 596: ice as a 
rock; how glaciers move; glacial landscapes; and the Pleistocene ice age. This study 
section focuses on the effects of the forward movement and retreat of glaciers, 
during which time they carry loads and deposit them as sediments, and contribute 
to the marks and shapes of the surface of the Earth.

 • The objective and outcome of this chapter in UE-6 (UE-6, p 570, the text in blue) 
are, briefly, to investigate the ways in which the glaciers of the Earth change, and to 
gain an understanding of how these changes are influenced or caused by the Earth 
system and human activities.
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  The above-mentioned themes can be found under the different subheadings 
throughout chapter 21. Note which figures and tables belong to each subheading. 
Also read the summary on page 596 in UE-6 cursorily the first time round.

3.5.1  Ice as a rock

1200 Study the section "Ice as a rock" on pages 570–571 in UE-6 as follows:

 • Briefly summarise the introductory paragraph, as well as the section "What is a 
glacier".

  Ice is a mineral. The concepts "valley glacier" and "continental glacier" are relevant.

 • Read the section "How glaciers form" on pages 573–575 in UE-6 cursorily for back-
ground information.

 • Carefully read the section "Glacial growth: accumulation", together with fig 21.7, on 
pages 574–575.

 • Carefully read "Glacial shrinkage: ablation" on page 574.
 • Carefully read "Glacial budgets: accumulation minus ablation" together with fig 21.8 

on pages 574–575.

1201 Exercise

1202Answer the following questions with the aid of the tips ().

12031. What is a glacier?

  "Glaciers are large masses of ice on land that show evidence of being in motion 
or of once having moved".

12042. Describe the different stages in the transformation of snow crystals into glacial ice.

  "Burial and aging produce solid glacial ice as the smallest grains recrystallize, 
cementing all the grains together." The stages are snow, granular ice, firn and 
glacial ice.

12053. Name and briefly describe the four mechanisms whereby a glacier can lose some of 
its ice (ablation).

  Melting, calving, sublimation and wind erosion. Explain each in a single sentence.

1206
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12074. Portray the forward motion and retreat (accumulation and ablation) of ice in a labelled 
sketch of the glacial budget.

  See fig 21.8 on page 575 in UE-6. The glacial budget is the difference between 
accumulation and ablation.

3.5.2  How glaciers move

1208 Study the various sections of "How glaciers move" (UE-6, pp 576–580) as fol-
lows:

 • Carefully read the introductory paragraph and the section "Mechanisms of glacial 
flow", as well as steps 1–8 of fig 21.10 ("Glaciers flow by plastic flow and basal slip") 
on pages 576–579 in UE-6.

 • Briefly summarise the section "Flow patterns and speeds" on pages 578–579, to in-
dicate the difference between valley and continental glaciers.

  Valley glaciers flow partly by basal slip and partly by plastic flow, whereas conti-
nental glaciers flow mostly by basal slip.

1209 Exercise

1210Answer the following questions with the aid of the tips ().

12111. Briefly describe how plastic flow of the ice crystals in a glacier takes place.

  Under high pressure "ice crystals may stretch and rotate, or grow and recrystallize, 
and in some cases slide past each other" (text and fig 21.10 on page 577 in UE-6).

12122. Compare the different mechanisms of motion and the direction of flow of the ice 
mass of valley glaciers and continental glaciers.

  Valley glacier: the fastest movement of ice occurs in the centre and at top of the 
glacier, mostly by means of plastic flow. Continental glacier: the ice moves down 
and out from the thickest section, mostly by means of basal slip.

12133. Where and why does a crevasse occur on the surface of a moving glacier?

  The ice mass is deformed most where it rubs against valley walls or on the bed-
rock. Ice is a brittle material under low pressure, which has a breaking point when 
deformed. Integrate these two concepts.

1214
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3.5.3  Glacial landscapes

1215 Study the various sections under "Glacial landscapes" (UE-6, pp 580–588) as 
follows:

 • Carefully read the introductory paragraph and the section "Glacial erosion and 
erosional landforms" on pages 580–584 in UE-6. Make simplified 2-D sketches for 
yourself so that you will be able to describe the glacial action that formed a roche 
moutonée (UE-6, p 582, fig 21.15), a U-shaped valley and a hanging valley (UE-6, p 583, 
fig 21.16).

 • Carefully read, on pages 584–588 in UE-6, the introductory paragraph and the rest 
of the section "Glacial sedimentation and sedimentary landforms", together with 
table 21.1 ("Glacial morains"), fig 21.17 ("Glacial drift is deposited ...") and fig 21.18 
("Glacial deposits. As a glacier retreats ...").

1216 Exercise

1217Answer the following questions with the aid of the tips given to you ().

12181. Distinguish between glacial debris, rock flour and striations with regard to their 
origins.

  The fragments of rock which are broken from the walls and taken along as a 
glacier flow are caught up in the middle of the ice and deposited unchanged as 
glacial debris elsewhere. If, however, the fragments of rock are dragged along 
the base of the ice, the rocks scratch or groove the glacial pavement (striations), 
while the rock itself is crushed finer and pulverised (rock flour).

12192. Indicate on simple sketches the origins and shapes of a V-shaped valley, a U-shaped 
valley and a hanging valley.

  These valleys are caused respectively by a river, a glacier and a tributary glacier 
that flows into a main valley glacier.

12203. Indicate on a simple sketch the different positions where a glacier deposited trans-
ported rock material as a ground moraine, an end moraine, drift and outwash.

  The above-mentioned deposits were listed as they occur in the direction of flow.

12214. Name the depositing mechanisms for a moraine and an esker.

  A moraine is an ice deposit, whereas an esker is deposited by the flowing melt-
water of a glacier.
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3.5.4  Glacial cycles

1222 Study the various sections of "Ice ages: the Pleistocene glaciation" (UE-6, page 
592) as follows:

 • Read the section "The record of ancient glaciation" (UE-6, pp 592–593) cursorily, together 
with fig 21.25, with a view to a discussion on the Snowball Earth hypothesis and its 
place in geological science, in the application of section 3.5.5 on scientific method.

  South Africa was part of the ancient land Pangaea which experienced a glaciation 
and thereafter drifted to its current position, according to the theory of plate 
tectonics (fig 21.25).

  The oldest Precambrian glaciation occurred about 3 billion years ago, the deposits 
of which occur as tillites, that is lithified till, in South Africa as well.

3.5.5  Revision and application

1223 Revision

12241. Once again read the summary of this study section on page 596 in UE-6.

12252. How are valley glaciers distinguished from continental glaciers?

12263. How is snow turned into glacial ice?

12274. What is the mechanism of glacial flow?

12285. How do glaciers erode bedrock?

12296. Why are striations proof of previous ice ages?

12307. Name three kinds of glacial sediment.

12318. Name three landforms that have been created by glaciers.

12329. Make sure that you can define and apply the following key terms with regard to 
glaciers, as described in chapter 21 of UE-6.

1233
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1234

1235Key terms and concepts

1236

1237UE-6, page

1238ablation 1239574

1240basal slip 1241576

1242continental glacier 1243572

1244crevasse 1245576

1246drift 1247585

1248drumlin 1249585

1250esker 1251586

1252glacier 1253570

1254ice stream 1255578

1256kame 1257585

1258kettle 1259586

1260moraine 1261585

1262outwash 1263585

1264permafrost 1265588

1266plastic flow 1267576

1268rock flour 1269580

1270surge 1271576

1272till 1273585

1274tillite 1275592

1276valley glacier 1277570

1278 Application

Controversy in the scientific method

1279Once again look at section 3.5.4 and read the section "The record of ancient glaciation" 
again, taking special note of the following statements:
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 • Hypothesis: On the Snowball Earth, there was ice everywhere – even the oceans 
were frozen.

 • Paleomagnetic data indicate that the Precambrian ice might have extended through-
out, from the Pangaea (near today's Antarctica) to the equator.

 • The authors of UE-6 say "the Snowball Earth hypothesis is controversial" because some 
geologists have challenged the idea that the oceans may have frozen.

 ☞ Form your own opinion on the Snowball Earth hypothesis, and decide whether you 
would be prepared to accept it as a theory.

  A hypothesis becomes a theory when it has been proven sufficiently to be ac-
cepted by a broad scientific community, that is, when controversies have been 
set aside by scientific research (UE-6, page 2).

1280
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1281Study section 3.6

Coastlines and ocean basins

1282 The time scheduled for this study section is six (6) hours.

Learning outcomes

1283On completion of this study section, you should be able to

 • name the basic differences between the geology of oceans and continents
 •  describe the geological structures of a topographic profile of the Atlantic 

Ocean
 • draw a profile of a rift valley in a mid-ocean ridge
 •  demonstrate your understanding of why a turbidity current is triggered 

by an earthquake
 • develop a draft Earth policy on the responsible use of beaches

1284 General overview of learning content

 ª This study section is based on parts of chapter 20 in UE-6, pages 535–567.

 • You will study the following themes referred to in the scheme on page 535: basic dif-
ferences in the geology of oceans and continents; the geology of the deep oceans; 
continental margins; physical and chemical sedimentation in the ocean; and shore-
lines. The focus of this study section is on descriptions of the submarine geologic 
structures of the Atlantic Ocean floor and on the continental margins.

 • The objectives and outcomes of this chapter in UE-6 (see the text printed in blue 
on page 536) are, in brief, to discover the geology of the Earth's ocean basins, and 
to gain an understanding of the underwater Earth processes of volcanism, erosion, 
sedimentation and the subduction of tectonic plates in terms of the interaction 
between the lithosphere and hydrosphere.
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  The above-mentioned themes can be found under the various subheadings through-
out chapter 20. Note which figures belong to each subheading. Also read the summary 
on pages 566–567 of UE-6 cursorily the first time round.

1285 The word ocean is used for the five major oceans, namely the Atlantic, Pacific, 
Indian, Arctic and Antarctic oceans, which are connected to each other to 
form the world ocean. The term sea is used more generally for the major oceans 
and all the smaller bodies of water which are connected to the world ocean.

3.6.1  Basic differences in the geology of oceans and continents

1286 Study the following, with the aid of the tips/textbook reference ():

1287 Summarise the section "Basic differences in the geology of oceans and con-
tinents" on page 536 in UE-6, after carefully studying its contents.

  "The geology of the continents is complex, and only a portion of their history is pre-
served in the rock record. Ocean basins are simple in comparison. They are created at 
mid-ocean ridges where plates separate and are destroyed by subduction ... Deep-
sea sediments provide an almost complete record of the relatively brief geologic 
history of ocean basins". Expand somewhat on this short summary.

3.6.2  Topology of the deep seafloor

1288 Study the various sections of "Topology of the deep seafloor" on pages 557–
564 in UE-6 as follows:

 • Read the introductory paragraphs and the sections "Probing the seafloor from surface 
ships" and "Charting the seafloor by satellite" cursorily for background knowledge.

 • Carefully read the section on "An Atlantic profile" under the heading "Profiles across 
two oceans" together with the profile sketch in fig 20.23 and the profile of a rift valley 
in fig 20.24.

 • Carefully read the section "Main features of the deep ocean floor" on pages 562–563 
in UE-6.

1289
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1290 Exercise

1291Do the following exercise with the aid of the tips () given.

12921. You will not be asked to draw the profile of the Atlantic Ocean floor (UE-6, p 562, fig 
20.23) in an examination. Do, however, study the profile carefully, so that you can 
keep on referring back to it in order to understand the whole of the parts you will 
be studying further on. Make sure that you can describe, in words, every deep-sea 
feature on the profile, for example the abyssal plain, submarine canyons, seamounts 
and guyots, as these appear in the text on pages 562 and 563 in UE-6.

12932. Draw a profile of a rift valley in a mid-ocean ridge.

  The valley walls form part of the ridge (UE-6, p 561, fig 20.24).

12943. Summarise the section "Main features of the deep ocean floor".

  Arrange your summary according to the geological processes involved – the tec-
tonic and volcanic activities around a mid-ocean ridge, seafloor spreading and 
sedimentation on the abyssal hills and plains, volcanism and erosion as far as 
seamounts are concerned, hotspot islands and plateaus.

12954. What kind of rocks does a rift valley in an ocean ridge contain?

  The valley walls are faulted and intruded by basaltic magma in the form of sills 
and dykes (plates and channels), while the valley floor is covered with flows of 
basalt and talus blocks from the valley walls (chunks or rock that have broken off 
the walls) mixed with a little sediment.

12965. Which kinds of minerals are formed near a hydrothermal spring on the seafloor?

  Mounds consisting of iron-rich clay minerals ... and what else?

12976. What kind of earth material do abyssal hills and the seafloor consist of?

  Older basaltic rocks form new seafloor which drifts away from the ocean ridge 
... and what else?

12987. How did the flat tops of guyots come about?

  Write down how the tops of the seamounts were eroded.

1299
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3.6.3  Continental margins

1300 Study the sections under "Continental margins" on pages 555–557 in UE-6 
as follows:

 ☞ Take note of the definition of "continental margins": "The shorelines, shelves, and 
slopes of the continents are together called continental margins" (UE-6, p 555).

 • Carefully read the introductory paragraphs on active and passive margins, together 
with fig 20.18, on page 555 in UE-6.

 • Read the section "Continental shelf" on page 556 cursorily.
 • Carefully read the section "Continental slope and rise: turbidity currents", together 

with fig 20.19, on page 556.
 • Read the section "Submarine canyons" on page 556 cursorily.

1301 Exercise

1302Do the following exercises with the aid of the tips ().

13031. Indicate the different parts of a passive continental margin on a simple sketch – from 
the coastal plain to the abyssal plain.

  See fig 20.18(a) on page 555 in UE-6. Also indicate the continental shelf, the con-
tinental slope, and the continental rise.

13042. With the aid of a sketch, describe briefly how a turbidity current develops in the ocean, 
and flows further to form a submarine fan and comes to rest in layers of sand, silt and 
mud.

  See fig 20.19(a) and the text on pages 556 and 557 in UE-6. A mass of sediment 
which is draped over the edge of the continental shelf is disturbed by an earth-
quake, slumps onto the continental slope and rapidly moves further down it. 
Expand on this.

3.6.4  Ocean sedimentation

1305 Read the sections under "Ocean sedimentation" on pages 563–564 in UE-6 
cursorily.

 • Note that different sedimentation processes are involved in each of the continental 
margin and deep-sea environments.
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  There are two main types of sedimentation processes in the sea, namely 
terrigenous sedimentation – mud and sand which have been eroded from the 
continents; and biochemical sedimentation – precipitates from the shells of sea 
organisms.

3.6.5  Shorelines

1306 Read the text under the heading "Shorelines" on pages 548–555 cursorily.

 • Use the information to help you form your own opinion on the Earth issue of the pre- 
servation of beaches.

  Take note of the sand budget, which is the balance of natural erosion and sedi-
mentation processes on a beach.

3.6.6  Revision and application

1307 Revision

13081. Once again read the summary of this study section on pages 566–567 in UE-6.

13092. Which kinds of sediments occur on the continental shelf and continental rise?

13103. Name the irregular features of the continental slope.

13114. Where do abyssal hills occur?

13125. Where do turbidity currents develop?

13136. Why is there so little sediment on the rift valley floor of the mid-Atlantic ridge?

13147. How did human interference affect some beaches?

13158. Make sure that you can define and apply the following key terms in respect of the 
Earth beneath the ocean, as described in chapter 20 of UE-6:

1316



4GEL1503/1

3103

1317

1318Key terms and concepts

1319

1320UE-6, page

1321abyssal hill 1322561

1323abyssal plain 1324555

1325active margin 1326556

1327continental margin 1328556

1329continental rise 1330555

1331continental shelf 1332557

1333continental slope 1334555

1335guyot 1336563

1337passive margin 1338556

1339pelagic sediment 1340563

1341sand budget 1342550

1343submarine canyon 1344556

1345turbidite 1346556

1347turbidity current 1348556

1349 Application

Earth issue – The preservation of our beaches

 • Read the following cursorily for ideas to use in a draft policy.
 • Find an article in the popular press about a recent beach issue. Typical issues that 

are reported on are buildings and structures on beaches, mining activities to extract 
heavy metals from the sand on beaches, and four-wheel-drive vehicles on beaches.

 ☞ Use the above reading to draw up a draft policy for the responsible use of beaches 
which, in your opinion, will strike a balance between conservation and sensible human 
use.

  Apply, in particular, the concept of sand budget as described under "The struc-
ture of beaches" on page 549 in UE-6. Humans may, for instance, influence the 
rate of erosion and deposition of sand, which in turn may disturb the vegetation 
on sand dunes.
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1350Study section 3.7

Landscape development

1351 The time scheduled for this study section is seven (7) hours.

Learning outcomes

1352On completion of the study section, you should be able to

 •  describe the geomorphology of a landscape in terms of the concepts of 
topography, elevation and relief

 •  describe the interaction between landscapes and the formative geological 
processes of erosion and sedimentation in a manner that is indicative of 
your understanding of this interaction

 •  explain how various processes in interactive geosystems reach a balance 
through feedback mechanisms

1353 General overview of learning content

 ª This study section is based on parts of chapter 22 in UE-6, pages 599–621.

 • You will study the following themes referred to in the scheme on page 599 in UE-6: 
how the terms topography, elevation and relief are applied; how the features of 
landforms have been sculpted by erosion and sedimentation; and how interacting 
geosystems control landscape. This study section focuses on the balance between 
the processes of erosion and sedimentation in the formation of landscapes, as well 
as on the balance in the interactions between different geosystems.

 • The objective and outcome of this chapter, in brief (see the text printed in blue 
on page 600 in UE-6), is to gain an understanding of how the tectonic processes of 
uplift, and the climate-driven processes of weathering, erosion and sedimentation 
interact dynamically to shape landscapes.
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  The themes mentioned above can be found under the different subheadings 
throughout chapter 22. Note which figures belong to which subheading. Also read 
the summary on page 620 in UE-6 cursorily, the first time round.

 ☞ The modern study of geomorphology not only describes the relief of the crust of 
the Earth, but also explains, by means of scientific methods, how these landforms 
have been shaped by geological processes.

3.7.1  Topography, elevation, and relief

1354 Study the section "Topography, elevation and relief" on pages 600–603 in 
UE-6 selectively, as follows:

 • You must understand the definitions of topography (UE-6, p 600, fig 22.1), elevation 
and relief (UE-6, p 602, fig 22.3) and be able to put them in words. Write them down 
now.

  The topography of a terrain is the "general configuration of varying heights that 
give shape to Earth's surface" (UE-6, Glossary, p GL-15).

  Elevation is "the altitude, or vertical distance, above or below sea level" (UE-6, 
Glossary, p GL-5).

  Relief is "the difference between the highest and lowest elevations in a particular 
area" (UE-6, Glossary, p GL-12).

3.7.2  Landforms: features sculpted by erosion and sedimentation

1355 Study the section "Landforms: features sculpted by erosion and sedimentation" 
on pages 603–611 in UE-6 as follows:

 • With the aid of the tips () given to you, summarise this section with regard to the 
physical descriptions of the various landforms and the geological processes giving 
rise to them. Do so as follows:

  The introductory paragraph on page 603. Examples of landforms are mountains, 
valleys, floodplains and dunes. Erosion, for one, is a process which has contributed 
to the formation of landforms.

  "Mountains and hills" on page 604. The steepness of the slopes of mountains 
and hills generally correlates with elevation and relief. Plate tectonic processes 
such as uplift and folding shape mountains.

  "Plateaus" on page 605. A plateau is a high, broad, flat area which has been lifted 
regionally by tectonic forces. A mesa is a kind of plateau.
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  "Structurally controlled ridges and valleys", together with fig 22.12, on page 
610 in UE-6. The erosional process of a hill is determined by the resistance the 
layers in an anticline poses to erosion. Thus a valley can be formed on top of 
an anticline ridge, through the erosion caused by a river.

  Regions with varying topography and types of bedrock have river valleys of vary-
ing shapes and widths. Narrow and wide V- and U-shapes are created through 
different erosion processes.

  "Balance between stream power and resistance to erosion" (UE-6, figure 22.9, 
p 606). Erosion is determined by the balance between the stream power and the 
bedrock's ability to resist erosion.

  "Structurally controlled cliffs", UE-6, page 611. A cuesta is an asymmetrical ridge, 
formed by differential erosion. A hogback is a small, symmetrical ridge of resistant 
strata which has been tilted nearly vertically by tectonic forces.

1356 Exercise

1357Do the following exercises, with the aid of the tips () given to you.

13581. Discuss briefly, with the aid of sketches, how a river valley develops on the ridge of 
an anticline.

  The erosion-resistant layer on top of the anticline prevents the walls of the valley 
from eroding away, while the stream cuts faster through the softer layers.

13592. Draw sketches to depict the following types of valley, and describe in words the bal-
ance between resistance and stream power which determines the shape of the valley 
in each case:

 • The steep, V-shaped walls of a canyon eroded by a river in a mountainous area

  In steep, wet terrain stream power exceeds resistance to erosion.

 • A wide, open valley in an area with low mountains

  Where slopes are gentler, and the flow of the river is slower, stream power 
and resistance are in balance.

 • A river flowing through a broad, flat lowland valley

  The slopes of the valley walls are even flatter, and the stream power is so 
low that little erosion takes place and the sediment load is deposited on 
the valley floor.

1360
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3.7.3  Interacting geosystems control landscape

1361 Study the sections under the heading "Interacting geosystems control land-
scape" on pages 611–615 as follows:

 • Carefully read the introductory paragraphs and fig 22.16 on pages 611–612 where 
the interaction between the plate tectonic and climate geosystems is explained.

 • Carefully read the section "Feedback between uplift and erosion" on pages 613–614 
together with fig 22.18(a) (Uplift – "A negative feedback loop ...") and fig 22.18(b) 
(Isostasy – "A positive feedback response ...").

 • Carefully read the section "Models of landscape development" on pages 615–616.

1362 Exercise

1363Do the following exercises with the aid of the tips ():

13641. Identify in fig 22.16 the following components of the geosystem that participate in 
mutual interactions and determine the shapes of landscapes:

 • the rock cycle of the plate tectonic system, which functions in the lithosphere 
and asthenosphere and is driven by the internal heat of the Earth

 • the weather/climate and the ocean circulation in the climate system, which 
is driven by the sun as external source of heat and which functions in the 
atmosphere and hydrosphere

13652. Explain briefly how uplift stimulates erosion because of negative feedback.

  The uplifting of the mountains causes increased rainfall and erosion, which then 
cancel out (wear away) the uplift.

13663. Explain briefly how isostatic mantle rebound raises mountain elevation as a result 
of positive feedback.

  According to the principle of isostasy, mountains float on the plastic asthenosphere. 
Weathering of the tops of the mountains reduces the mass and the mountains 
rise/rebound isostatically accelerating the weathering action.

13674. Briefly describe the feedback between the climate and topography of a landscape.

  The agents of erosion (eg glaciers, rivers and landslides) determine the topography 
of an area. These agents work at different rates at different altitudes, depending 
on the climate.

1368
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3.7.4  Revision and application

1369 Revision

13701. Once again read the summary of this study section on page 620 in UE-6.

13712. Name three examples of landforms.

13723. What is topographic relief, and how does it relate to altitude?

13734. Compare the different processes of erosion in topographically high and low areas.

13745. How do river slope and discharge influence the stream power of a river?

13756. How does climate influence the topography of a region and the topography of a 
region influence climate?

13767. Make sure that you can define and apply the following key terms relating to land-
scapes formed by tectonic and climate interaction, as described in chapter 22 in UE-6:

1377

1378Key terms and concepts

1379

1380UE-6, page

1381abrasion 1382492

1383contour 1384601

1385badland 1386607

1387cuesta 1388611

1389elevation 1390601

1391geomorphology 1392600

1393hogback 1394611

1395landform 1396603

1397mesa 1398605

1399negative feedback 1400615

1401plateau 1402605

1403relief 1404601

1405stream power 1406605

1407topography 1408600
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1409 Application

Feedback mechanisms between geosystems

14101. Briefly describe the hypothesis that mountain building (tectonic uplift) in the Northern 
Hemisphere influences climate. This is an example of positive feedback between the 
plate tectonic system and the climate system.

14112. Briefly describe the hypothesis that climate change in Tibet may lead to the isostatic 
uplift of high mountains. This is an example of negative feedback between the plate 
tectonic system and the climate system.

1412
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1413Study section 3.8

Earth issues relating to external Earth processes

1414 The time scheduled for this study section is two (2) hours.

Learning outcomes

1415On completion of this study section, you should be able to add your input on

 • the prevention of landslides and the flooding of floodplains
 •  the limited water resources of Southern Africa as they relate to its deserti- 

fication
 • a policy on the preservation of beaches
 •  the hydrological processes involved in the ice ages and the formation 

of landscapes on the Earth

1416 General overview of learning content

 ª This study section is based on chapters 16–22 in UE-6.

 • The following themes have already been studied as Earth issues in study sections 
3.1 to 3.7: the prevention of landslides; the flooding of floodplains; the prevalence 
of water and deserts in Southern Africa; the preservation of beaches; a hypothesis 
on ice ages; and feedback mechanisms in the geosystem.

 • The objective and outcome of this study section is to allow you to take part in dis-
cussions on the Earth issues following from the subject themes covered in study 
unit 3. The focus of this section on Earth issues is to gain an understanding of the 
interactions between humankind and the geosystem, and to encourage a sense of 
responsibility for humankind's share in and usage of that system.

  The above-mentioned themes can be found in the "Revision and application" sections 
of study sections 3.1 to 3.7 in the SG, as well as in the boxed articles titled "Earth issues" 
or "Earth policy" in chapters 16 to 22 in UE-6.
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1417 Revising the following Earth issues will help you answer a possible examination 
question.

3.8.1   Earth issues: perspectives on humankind and the surface 
of the Earth

1418 Revision

1419Once again read your notes on all the Earth issue themes covered under "Applications" 
in the previous study sections. Also use the tips () below.

14201. In study section 3.1.4:  Earth policy to prevent landslides

 • The environmental scientist must be able to apply his/her knowledge of geology 
and the earth/soils to check and evaluate the facts of an impact study and other 
terrain data before human activities take place in a particular environment. In 
this manner landslides caused by human activities can be prevented.

  Read in UE-6 how engineers underestimated three early warning signs of 
a landslide, which ultimately resulted in a flooding disaster.

14212. In study section 3.2.7:  Water in South Africa

 • Water is limited in South Africa.

  The investigation you have done in study section 3.2.7 has probably con-
vinced you that water supplies in South Africa, which consist of groundwater, 
the water in rivers and reservoir dams, and rainfall, are limited.

 • How can water in South Africa be used responsibly?

  You have investigated a hypothesis that borehole water (groundwater) in 
South Africa is being polluted. What was your conclusion?

  You have made a synthesis of three conclusions on the availability, borehole 
origin and pollution of water in relation to the demand for water in South 
Africa.

  Based on your synthesis, make a recommendation on how South Africa's 
population can use water responsibly.

1422
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14233. In study section 3.3.7:  Streams on floodplains

 • The issue of human habitation on a floodplain was discussed.

  Do you think that people would go and live on a floodplain even if they 
were informed about previous floods? What can be done in advance to 
limit human losses?

14244. In study section 3.4.6:  Desertification in Southern Africa

 • Integrate your conclusions on the reasons for desertification in Southern Africa 
with the hypothesis in study section 3.2.7 that the water supplies of the region 
are limited. Is there a relationship?

  The Southern African landscape is arid or semiarid (UE-6, p 525, fig 19.15, 
"Major desert areas of the world").

14255. In study section 3.5.4:  Glacial cycles

 • Hypothesis: On the Snowball Earth there was ice all over, even the oceans were 
frozen.

 • What are ice ages and what causes them?

  An ice age occurs when continental glaciers expand far beyond the polar 
regions. Although continental drift is cited as a possible cause, this is still 
uncertain.

14266. In study section 3.6.6:  The dynamics of beaches

 • An Earth policy for the preservation of our beaches was discussed.

  What do you think of the statement of the authors: "Sooner or later, we must 
learn to let the beaches remain in their natural state"?

14277. In study section 3.7.4:  Feedback mechanisms between geosystems

 • The rock cycle is the interaction between the plate tectonic and climate systems 
(UE-6, p 77).

 • The hydrologic cycle occurs between the subsystems of the geosystem – the 
atmosphere, the hydrosphere and the lithosphere.

 • "The hydrologic cycle is a component of the Earth system and thus interacts 
with the atmospheric, ocean, and landscape components" (UE-6, p 457).

  Landscapes are formed by geosystem processes and in turn influence the 
formative processes through negative and positive feedback.

  The finding of this interaction is a very good example of the results of modern 
research methods. Models of natural phenomena are shaped into unifying 
theories, such as that of plate tectonics. The processes that form landscapes 
interact with the different geosystems, which are driven by internal and ex-
ternal sources of heat.
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1428 Summary of study unit 3 – External Earth processes

1429The external processes of the Earth system, as driven by the internal heat energy of the 
Earth and the Sun as external source of energy, determine the different geological ex-
pressions found on the surface of the Earth. They are processes near the surface of the 
Earth which cause the movement of glaciers, soil, water and sand dunes, thus forming the 
local and global landscapes. The interaction between the climate system and the plate 
tectonic system not only determines the processes of the hydrologic system, but also the 
processes which create landscapes under the oceans. Because water on the surface of the 
Earth is also a crucial commodity for humans and animals alike, the prevalence, pollution 
and control of water and its accompanying processes were discussed as Earth issues.

1430 Summary of module GEL1503 – Environmental geology

1431The outcome you should have attained with this course is an understanding of the 
following – in the words of the authors: "We present geology as a unified, process-based 
science with the power to convey global meaning to geologic features wherever they 
are found".

1432In this module on the subject of geology, we have used a model that portrays the Earth 
as a system consisting of subsystems like the climate and plate tectonic systems. In this 
model, the internal processes of the Earth, such as mantle convection (which is a method of 
transferring energy), are related to corresponding surface phenomena, like the movement 
of tectonic plates. The theory of plate tectonics integrates the explanations for a number 
of geological phenomena into one global theory which takes all internal and external 
Earth processes into account.

1433External geological processes, such as mass wasting and streams that convey weathered 
rock material to the sea through the process of erosion, were also discussed as interactive 
subsystems. By viewing these interactive systems as a balance of formative processes, we 
can identify and describe landforms.

1434The place of standard scientific research methodologies in the discipline of geology was 
also explained. During the course of your studies, you were given the opportunity to 
practise putting your knowledge into words by giving short answers, writing reports and 
doing assignments. In the process you have developed the skills to provide your own input 
on ethical issues in the field of geology and your environment.

1435May each student who completes this course apply his/her skills in a useful, re-
sponsible way.

1436This study guide was written and compiled by Mr L Smuts.




