
 

 

A Guide to The Lithosphere 

Teaching Approach  

 

In this series of six lessons we explore the mineral composition of the earth’s crust and find 

out how it formed. We also investigate the deposition of mineral gold in the Witwatersrand 

basin, how it is extracted and processed, as well as the chemical reactions of its extraction.  

 

Learners also learn about the open pit mining of iron and phosphates, the chemical 

processes of this extraction and the impact of this kind of mining on the environment. We 

research the formation of fossil fuels, the methods used for their recovery and the chemical 

process of fractional distillation.  

 

These investigations enable learners to analyse the environmental and social impact of 

mining. In facing up to South Africa’s energy crisis, they consider the viability of alternative 

energy sources. 

 

The series links different areas of information; the origin of gold and its mining and extraction 

processes; open cast mining and the extraction of iron and phosphates; as well as the 

formation, pumping and fractional distillation of fossil fuels. The linking happens through 

investigating the impact of all these activities on our lithosphere. This theme runs though 

each lesson and attempts to make learners aware that we need to respect our environment 

and actively find alternative methods of harnessing energy. Experts in various fields share 

their knowledge and learners are helped to analyse physical evidence and draw conclusions 

about the composition of crust samples. Specific reactions of the gold extraction process 

provide an opportunity to revisit the skill of balancing redox reactions.   



 

 

Video Summaries 

Some videos have a ‘PAUSE’ moment, at which point the teacher or learner can choose to 

pause the video and try to answer the question posed or calculate the answer to the problem 

under discussion. Once the video starts again, the answer to the question or the right answer 

to the calculation is given 

 

Mindset suggests a number of ways to use the video lessons. These include: 

 Watch or show a lesson as an introduction to a lesson 

 Watch or show a lesson after a lesson, as a summary or as a way of adding in some 

interesting real-life applications or practical aspects 

 Design a worksheet or set of questions about one video lesson. Then ask learners to 

watch a video related to the lesson and to complete the worksheet or questions, either in 

groups or individually 

 Worksheets and questions based on video lessons can be used as short assessments or 

exercises 

 Ask learners to watch a particular video lesson for homework (in the school library or on 

the website, depending on how the material is available) as preparation for the next day’s 

lesson; if desired, learners can be given specific questions to answer in preparation for 

the next day’s lesson  

1. Mineral Wealth under our Feet    

This lesson defines lithosphere. The earth consists of three main layers: the solid crust, 

the mantle made up of hot molten material, and the core. The lithosphere is made up of 

the solid rocky crust and the upper most part of the mantle closest to the surface. 

2. Mining for Gold   

The second lesson is focused on gold mining and extraction processes used to produce 

gold. An expert begins by explaining how the Witwatersrand basin was formed. 

3. Mining Iron and Phosphates   

The third lesson explores the history of iron extraction and how iron has been used in 

Europe and the Far East; the learners also listen to the life experiences of an African 

expert in this field. 

4. Extracting Fossil fuels   

An expert shares the information about South Africa’s huge reserves of coal and how they 

were formed. The learners discover that crude oil is formed in a similar way to coal and is 

extracted from a well drilled into the ground. 

5. Mining and the Environment  

In this lesson an expert informs the learners of the destruction caused by gold and coal 

mining to the environment. This lesson therefore helps learners to discover that the 

wealth from mining comes with a cost to our environment and us. 

 

 



 

 

6. Conserving our Energy Resources  

This lesson gives learners insight into where South Africa’s energy comes from and how 

some of it is turned into electricity. They are then able to recognise why it is disturbing that 

most of our energy is harnessed from fossil fuel. 

  



 

 

Resource Material  
Resource materials are a list of links available to teachers and learners to enhance their experience of 

the subject matter. They are not necessarily CAPS aligned and need to be used with discretion. 

1. Mineral Wealth under our 

Feet 

http://www.southafrica.info/busines

s/economy/sectors/mining.htm#.UjL

_5dKw1Bl 

Mining and minerals in South Africa 

http://en.wikipedia.org/wiki/Mineral_

resource_classification 

Mineral resource classification 

http://cnx.org/content/m41470/latest

/?collection=col11325/latest 

This page covers the importance of 

minerals to society; the factors that 

control availability of mineral 

resources, the future world mineral 

supply and demand; the 

environmental impact of mining and 

processing of minerals and solutions 

to the crisis involving mineral supply. 

2. Mining Gold 

http://everythingscience.co.za/grad

e-11/14-lithosphere/14-lithosphere-

03.cnxmlplus 

Mining and mineral processing 

http://en.wikipedia.org/wiki/Gold_mi

ning 

This page looks at everything to do 

with gold mining from mining 

methods to processing. 

http://www.anglogold.co.za/subweb

s/InformationForInvestors/AnnualR

eport05/report/overview/process_pr

oducing_gold.htm 

This resource looks at the process of 

producing gold. 

http://everythingscience.co.za/grad

e-11/14-lithosphere/14-lithosphere-

03.cnxmlplus 

Mining and mineral processing 

http://cnx.org/content/m39079/1.1/?

collection=col11241/latest 

Another resource that covers the 

gold mining process. 

3. Mining Iron and Phosphates 

http://www.miningforiron.com/ 

 

A resource on iron ore mining 

process. 

http://en.wikipedia.org/wiki/Iron_ore An encyclopaedia on iron ore. 

http://en.wikipedia.org/wiki/Phospha

te 

An encyclopaedia on phosphate. 

4. Extracting Fossil Fuels 

http://education-

portal.com/academy/lesson/what-

are-fossil-fuels-definition-

advantages-disadvantages.html 

This page defines fossil fuels and 

gives advantages and 

disadvantages. 
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http://wiki.answers.com/Q/How_do_

we_extract_your_fossil_fuel_from_t

he_earth 

A resource that looks at how fossil 

fuels are extracted from the earth. 

http://www.nj.com/business/ledger/

pdf/carbon101.pdf 

A diagram that shows how fossil 

fuels are formed and extracted. It 

also shows how fossil fuels 

contribute to warming. 

http://www.youtube.com/watch?v=z

SOaXzKcxyg 

A video lesson on how fossil fuels 

are extracted. 

5. Mining and the 

Environment 

http://en.wikibooks.org/wiki/High_S

chool_Earth_Science/Mining_and_

Using_Minerals 

A resource on mining and using 

minerals. 

http://everythingscience.co.za/grad

e-11/14-lithosphere/14-lithosphere-

03.cnxmlplus 

Mining and mineral processing. 

http://cnx.org/content/m41470/latest

/?collection=col11325/latest 

Mineral formation, mining and 

environmental impact. 

http://www.youtube.com/watch?v=U

xF9l6bedZU 

A video lesson that looks at the 

environmental impact of mining. 

http://www.youtube.com/watch?v=

WTzVdl0kA00 

A video lesson that looks at mining 

and it’s environmental effects. 

6. Conserving our Energy 

Resources 

http://www.humantouchofchemistry.

com/importance-of-energy-

conservation.htm 

The importance of energy 

conservation. 

http://www.teachengineering.org/vie

w_lesson.php?url=collection/cub_/l

essons/cub_energy2/cub_energy2_

lesson02.xml 

Students are introduced to the idea 

that energy use impacts the 

environment and our wallets. They 

discuss different types of renewable 

and nonrenewable energy sources, 

as well as the impacts of energy 

consumption. 
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Questions 
1. Give one word/term for each of the following descriptions: 

1.1 The part of the Earth that includes the crust and in which all minerals are found. 

1.2 The process in which minerals are extracted from the ores. 

1.3 An age in which humans discovered the use of fire to improve the properties of stone. 

2. Compare the positive and negative effects of the recovery and use of minerals in our 

    society and on the environment. 

3. Identify the oxidation and reduction half reactions in this equation: 

Zn(s) + 2KAu(CN)2(aq)  2Au(s) + Zn(CN)2(aq) + 2KCN(aq) 

4. Research the zinc process for refining gold and find out why this was replaced by the 

‘Charcoal Filtration process’  

5. Do a practical investigation of the effect of different amounts of phosphate fertilizer on the 

growth of bean or pumpkin seeds. 

6. Investigate the causes of the corrosion of iron. 

7. Take part in a debate on an issue relating to the conservation of natural resources  

8. Read the following extract and answer the questions that follow. 

More profits, more poisons 

Since the last three decades gold miners have made use of cyanidation to recover gold from 

the ore. Over 99% of gold from ore can be extracted in this way. It allows miners to obtain 

gold flakes – too small for the eye to see. Gold can also be extracted from the waste of old 

operations which sometimes left as much as a third of the gold behind. 

 

The left-over cyanide can be re-used, but is more often stored in a pond behind a dam or 

even dumped directly into a local river. A teaspoonful of two-percent solution of cyanide can 

kill a human adult. 

 

Mining companies insist that cyanide breaks down when exposed to sunlight and oxygen 

which render it harmless. They also point to scientific studies that show that cyanide 

swallowed by fish will not 'bio-accumulate', which means it does not pose a risk to anyone 

who eats the fish. In practise, cyanide solution that seeps into the ground will not break down 

because of the absence of sunlight. If the cyanide solution is very acidic, it could turn into 

cyanide gas which is toxic to fish. On the other hand, if the solution is alkaline, the cyanide 

does not break down. 

There are no reported cases of human death from cyanide spills. If you don't see corpses, 

everything is okay. 

6.1 What is cyanidation? 

6.2 What type of chemical reaction takes place during this process: precipitation; acid-

base; redox? 

6.3 Is the solution after cyanidation acidic, basic or neutral? 

6.4 How is the solid gold recovered from the solution? 

6.5 Refer to cyanidation and discuss the meaning of the heading of the extract: More 

profits, more poisons. 

  



 

 

Answers 

1.1 Lithosphere 

1.2 Minerals processing or extraction 

1.3 Middle Stone Age 

 

8.1 Cyanidation is the addition of cyanide to the gold ore. 

8.2 Redox reaction 

8.3 acidic 

8.4 By addition of zinc metal and then heating in a furnace. 

8.5 Cyanidation extracts over 99% of gold from the ore, this leads to more (i.e. process is 

very effective) profits. However, left over cyanide can end up in rivers and aquifers that 

can be (i.e. negative effect of process on environment) harmful to life. 

 

If you reuse this work elsewhere, in order to comply with the attribution requirements of the 

license (CC-BY 3.0), you must include 

 the authors' names: Free High School Science Texts 

 the title of the work: The lithosphere: Energy resources 

 the URL where the work can be found: http://cnx.org/content/m39082/1.1/ 
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