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EXPLOITING THE EARTH’S LITHOSPHERE



• This is an example of a diamond mine in 

South Africa

• This is called the big hole

• First diamond was found in 1866 and was a  

21,25 carat diamond

• Diamond would be worth R3 million today

• in 1871 an 83,50 carat diamond was found

• South Africa has many resources in its 

crust

• In this section we will look at some of these 
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• If we were to cut the Earth in 

half we would see that our 

planet is made up of a 

number of layers,

• the core at the centre 

(separated into the inner and 

outer core), 

• the mantle, the upper 

mantle, 

• the outer crust and the 

atmosphere
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• The core is made up mostly of 

iron. 

• The mantle, which lies 

between the core and the 

crust, consists of molten rock, 

called magma

• This moves continuously 

because of convection 

currents.
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• The crust is the thin, hard outer 

layer that 'floats' on the magma 

of the mantle.

• It is the upper part of the mantle 

and the crust that make up the 

lithosphere ('lith' means 'types 

of stone' and 'sphere' refers to 

the round shape of the earth).

• Together, the lithosphere, 

hydrosphere and atmosphere 

make up the world as we know 

it.
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• The crust is made up of about 
80 elements, which occur in 
over 2000 different compounds 
and minerals. 

• However, most of the mass of 
the material in the crust is made 
up of only 8 of these elements. 

• These are oxygen (O), silica 
(Si), aluminium (Al), iron (Fe), 
calcium (Ca), sodium (Na), 
potassium (K) and magnesium 
(Mg).
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• These metal elements are seldom found in their pure form, but 

are usually part of other more complex minerals. 

• A mineral is a compound that is formed through geological 

processes, which give it a particular structure. 

• A mineral could be a pure element, but more often minerals are 

made up of many different elements combined. 

• Quartz is just one example. It is a mineral that is made up of 

silicon and oxygen
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• Definition 2: Mineral 

• Minerals are natural compounds formed through geological 

processes

Mineral Chemistry Comments 

Quartz SiO2 (silicon dioxide)

Quartz is used for glass, in electrical 

components, optical lenses and in building 

stone

Gold
Au (pure element) or AuTe (Calaverite, a gold 

mineral)

Gold is often found in a group of minerals 

called the tellurides. Calaverite is a mineral that 

belongs to this group, and is the most common 

gold-bearing mineral. Gold has an affinity for 

tellurium (Te).

Hematite FeO (iron oxide)
Iron usually occurs in iron oxide minerals or as 

an alloy of iron and nickel.

Orthoclase KAlSiO (potassium aluminium silicate)
Orthoclase belongs to the feldspar group of 

minerals.

Copper
Cu (pure element) or Cu(CO)(OH) (malachite 

or copper carbonate hydroxide)

copper can be mined as a pure element or as a 

mineral such as malachite.
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• Many of the elements that are of interest to us (e.g. gold, 

iron, copper), are unevenly distributed in the lithosphere. 

• In places where these elements are abundant, it is 

profitable to extract them (e.g. through mining) for 

economic purposes. 

• If their concentration is very low, then the cost of extraction 

becomes more than the money that would be made if they 

were sold. 
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• Rocks that contain valuable minerals are called ores. 

• As humans, we are particularly interested in the ores 

that contain metal elements, and also in those minerals 

that can be used to produce energy.

• An ore is a volume of rock that contains minerals which 

make it valuable for mining. 



• Note: Interesting Fact : 

• A gemstone (also sometimes 

called a gem or semi-

precious stone), is a highly 

attractive and valuable piece 

of mineral which, when cut 

and polished, is used in 

jewelry and other adornments. 

Examples of gemstones are 

amethyst, diamond, cat's eye 

and sapphire
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• Gold was discovered in South Africa in the 
late 1800's and since then has played a 
very important role in South Africa's history
and economy. 

• Its discovery brought many foreigners into 
South Africa, who were lured by the 
promises of wealth. 

• They set up small mining villages, which 
later grew into larger settlements, towns 
and cities. 

• One of the first of these settlements was 
the beginning of present-day 
Johannesburg, also known as 'Egoli' or 
'Place of Gold'.

MINING AND MINERAL PROCESSING: GOLD



Most of South Africa's gold is 

concentrated in the 'Golden Arc', which 

stretches from Johannesburg to Welkom. 

Geologists believe that, millions of years 

ago, this area was a massive inland lake. 

Rivers feeding into this lake brought 

sand, silt, pebbles and fine particles of 

gold and deposited them over a long 

period of time. 

Eventually these deposits accumulated 

and became compacted to form gold-

bearing sedimentary rock or gold reefs. 
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• MINING THE GOLD

• A number of different techniques can be used to 

mine gold. 

• The three most common methods in South 

Africa are panning, open cast and shaft

mining.



• Panning

• Panning for gold is a manual 

technique that is used to sort gold 

from other sediments. 

• Wide, shallow pans are filled with 

sand and gravel (often from river 

beds) that may contain gold. 

• Water is added and the pans are 

shaken so that the gold is sorted 

from the rock and other materials. 

• Because gold is much more dense, it 

settles to the bottom of the pan. 
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• Open cast mining

• This is a form of surface 
mining. 

• Surface layers of rock and 
sediments are removed so 
that the deeper gold rich 
layers can be reached. 

• This type of mining is not 
suitable if the gold is buried 
very deep below the surface. 
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• Shaft mining

• South Africa's thin but extensive gold reefs slope at an angle 
underneath the ground, and this means that some deposits are very 
deep and often difficult to reach. 

• Shaft mining is needed to reach the gold ore. 

• After the initial drilling, blasting and equipping of a mine shaft, tunnels 
are built leading outwards from the main shaft so that the gold reef 
can be reached. 

• Shaft mining is a dangerous operation, and roof supports are needed 
so that the rock does not collapse. 

• There are also problems of the intense heat and high pressure below 
the surface which make shaft mining very complex, dangerous and 
expensive. 
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• Processing the gold ore

• For every ton of ore that is mined, only a very small amount of gold is 

extracted. 

• A number of different methods can be used to separate gold from its ore, 

but one of the more common methods is called gold cyanidation.

• In the process of gold cyanidation, the ore is crushed and then cyanide 

(CN − ) solution is added so that the gold particles are chemically 

dissolved from the ore. 

• In this step of the process, gold is oxidised. 

• Zinc dust is then added to the cyanide solution. 

• The zinc takes the place of the gold, so that the gold is precipitated out of 

the solution
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• This process was relatively ineffective (as low as 50% yield)

• People have started to re-mine the dumps in order to extract 

any gold left behind

• Activated carbon is now used to remove gold from solution

• Activated carbon is carbon that has been steamed or heated in 

a vacuum which causes carbon to have an absorbent surface to 

which gold is attracted

• Gold is the extracted from solution along with the carbon in a 

process called adsorption

• Gold is then removed from the carbon in a process called 

Elution



Gold has a number of uses because of its varied and unique characteristics. 

Below is a list of some of these characteristics that have made gold such a 

valuable metal:

Shiny

Gold's beautiful appearance has made it one of the favourite metals for use in 

jewelery.

Durable

Gold does not tarnish or corrode easily, and therefore does not deteriorate in 

quality. It is sometimes used in dentistry to make the crowns for teeth.

Malleable and ductile

Since gold can be bent and twisted into shape, as well as being flattened into 

very thin sheets, it is very useful in fine wires and to produce sheets of gold. 

CHARACTERISTICS AND USES OF GOLD



Good conductor

Gold is a good conductor of electricity and is therefore used in 

transistors, computer circuits and telephone exchanges. 

Heat ray reflector

Because gold reflects heat very effectively, it is used in space suits and 

in vehicles. It is also used in the protective outer coating of artificial 

satellites. One of the more unusual applications of gold is its use in 

firefighting, where a thin layer of gold is placed in the masks of the 

firefighters to protect them from the heat



• Environmental impacts of gold mining

• However, despite the incredible value of gold and its usefulness in a 

variety of applications, all mining has an environmental cost. The 

following are just a few of the environmental impacts of gold mining:

• Resource consumption

• Gold mining needs large amounts of electricity and water. 

• Poisoned water

• Acid from gold processing can leach into nearby water systems such 

as rivers, causing damage to animals and plants, as well as humans 

that may rely on that water for drinking. 

• The disposal of other toxic waste (e.g. cyanide) can also have a 

devastating effect on biodiversity. 





ENVIRONMENTAL IMPACTS

• Solid waste

• This applies particularly to open pit mines, where large amounts 

of soil and rock must be displaced in order to access the gold 

reserves. Processing the gold ore also leaves solid waste 

behind. 

• Air pollution

• Dust from open pit mines, as well as harmful gases such as 

sulfur dioxide and nitrogen dioxide which are released from the 

furnaces, contribute to air pollution. 

• Threaten natural areas

• Mining activities often encroach on protected areas and 

threaten biodiversity in their operation areas








