Topic 4:  Resources from the Earth’s Crust		Paper 1 & Paper 2
Minerals from the Earth’s Crust
Mineral Resources & Exploitation
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Mineral Resources Case Study

You will research one particular mineral that is mined and do an extended piece of research on this mine.  You must include the following in your research:

1. What the mineral is used for.
2. Details of a particular mine in the country you are researching.
3. How the mineral is mined (giving detail of the mining process).
4. Pollution issues associated with the mining process.
5. Solutions that could be used to mitigate these pollution issues (this may  not be happening in the country that you are researching).
6. Other environmental problems.
7. Social problems associated with this type of mining in the country you are researching.
8. Any other relevant information.

Research areas.

Copper mining in Brazil 
Cobalt mining in Democratic Republic of Congo
Gold mining in Zimbabwe
Lithium mining in Chile
Antimony mining in Serbia
Coal mining in China

Presentation

Prepare a power point presentation with the information you have researched.
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What is the Lithosphere?







The Lithosphere provides resources & services in a number of very different ways:

1. ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
2. ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
3. ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
What is a mineral?



What is a rock? 




What is an ore?

Importance of the Lithosphere
The Lithosphere provides resources for life on Earth and consists of the various components of the Earth’s crust: rocks, soils, minerals and the land.
Unsustainable exploitation of these resources can result in:
1.
2.
3.
4.
Minerals extracted from the lithosphere 
Many mineral resources extracted from the crust are used to make a wide range of industrial products and construction materials.

The mineral resources extracted from the lithosphere are non-renewable as they are reformed too slowly to be replaced within timescales that would allow human use. Long-term use relies on an understanding of the scientific methods that will increase supplies, extend use and find alternatives for those in restricted supplies.

Complete the table using www.scienceviews.com/geology/minerals.html outlining the importance of each mineral.
Table showing the major uses of mineral resources
	Metals
	Examples of use

	Iron
	




	Aluminium
	




	Copper
	




	Zinc
	




	Lead
	




	Titanium
	




	Nickel
	




	Tin
	




	Uranium
	



	Cadmium
	



	Lanthanum
	




	Neodymium
	



	Cerium
	



	Yttrium
	



	Gold
	



	Mercury
	


	Indium
	




	Gallium
	



	Platinum
	




	Industrial Minerals and construction materials
	Examples of use

	Aggregates (sand and gravel)
	



	Limestone
	



	Salt (sodium chloride)
	



	Gypsum (china clay)
	



	Sulphur
	



	Kaolin (from china clay)
	





As industrial and consumer products become more complex, a wider range of elements is used.

Metals used in a mobile phone
	Component
	Selected elements


	Case
	Magnesium, titanium, chromium


	Electronics
	Aluminium, antimony, gallium, mercury, zirconium, silver, platinum

	Battery
	Manganese, cobalt, nickel, cadmium, terbium, dysprosium, erbium,
thulium, ytterbium, lutetium

	Speaker and vibration unit
	Iron, tungsten, neodymium

	Screen
	Silicon, cerium, indium




Geological processes that produced localised concentrations of recoverable mineral deposits

Many geological processes have produced exploitable mineral deposits. Most of them involve the separation of mixtures of minerals to produce localised concentrations of minerals that are sufficiently pure for economic exploitation.
[image: ]

A range of forces and processes are continually changing the crust:
· Continental drift (see left)
· Gravity
· The action of wind and water
· Chemical processes


The rocks produced are grouped into three categories:

1. ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
2. ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
3. ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
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Igneous processes

The processes by which rocks and minerals are created by the cooling and hardening of magma or molten lava are known as igneous. Many different igneous processes have produced exploitable mineral deposits.


Igneous Rocks – are the result of cooling and crystallization of magma and lava.  There are two types:
· _____________ rocks – magma cools and solidifies slowly (insulated) below the Earth’s surface allowing plenty of time for large crystals (mineral grains) to form.  These rocks tend to have a coarse texture with large crystals visible to the naked eye, for example _____________.  Large, irregular intrusive rock masses are called ______________.   

· _____________ rocks – lava cools and solidifies quickly on the Earth’s surface resulting in the formation of very small crystals.  These rocks tend to be fine-grained, for example ____________.
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· Sometimes the rising magma is unable to reach the surface and forms a batholith.
· The hot rocks around the igneous batholith contain water which becomes hot.
· The hot water dissolves a mixture of minerals which is carried along fissures away from the batholith.
· Mineral-rich solutions travel along the fissures.
· [image: Diagram

Description automatically generated]As the solutions cool and the dissolved minerals reach the temperature where they cease to be soluble, they are deposited as solids.
· The solutions in the fissures cool as they move towards the surface (away from the magma)
· Different minerals have different solubilities so they solidify/are deposited at different positions along the fissure
· This is called fractional crystallisation when the minerals separate and mean that they can now be exploited.
· Metal ores that are deposited in this process include tin, lead, copper, siler, gold and arsenic.


Metamorphic processes

Igneous processes and tectonic movements of crustal plates can alter existing rocks with high temperatures and pressure, without melting them. 

High temperatures and extreme pressure can change limestone to ____________________.

Extreme pressure can change mudstone to ____________________.

Granite can be turned into ____________________.
Sedimentary processes

Weathering and erosion will break up rocks and move the sediments formed.  Sedimentary processes cause rocks to be formed by the deposition and cementation of rock particles. 

Sedimentary deposits:
1. ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
2. ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
3. ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

Types of sedimentation
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1. Proterozoic marine sediments
These include iron ore deposits such as haematite and magnetite. They were formed when dissolved iron compounds became oxidised by the oxygen released by photosynthesis, producing insoluble iron oxide deposits. This occurred mainly between 2.5 and 1.8 billion years ago.

2. Alluvial deposits
Alluvial processes involve materials that were carried and separated by flowing water. The ability of water to carry solids depends upon the velocity of the water and the density of the solids. Materials that are exploited from alluvial deposits include gold, diamonds, tin ore, gravel, sand, clay.
[image: ]
3. Evaporites
If a bay of an ancient sea became isolated, then the water may have evaporated leaving crystallised minerals such as halite (sodium chloride). Evaporites also form in inland seas in desert areas as the water from inflowing rivers evaporates.

4. Secondary enrichment
Many economically important metals can form minerals that are soluble or insoluble depending upon the conditions, especially the availability of oxygen. They may be carried in solution, by moving water, and then deposited as their oxidation state changes.

5. Biological sediments
Biological processes are those where organisms form minerals. Biological sediments are created when organisms use materials dissolved in air or water to build their tissue. Examples include:
· Limestone & chalk – formed from shells of marine animals
· Coal – formed from terrestrial vegetation
· Crude oil & natural gas – formed from marine organisms
Mineral exploitation
Key principles
· An understanding of the lithosphere helps with the management of many environmental systems including metal mineral supplies, agriculture, water supplies, and energy resources.
· Geological processes have produced localised concentrations of exploitable mineral deposits.
· New technologies improve the effectiveness of exploration.
· New technologies increase the efficiency of the extraction of minerals, especially low-grade ores.
· Methods are available to minimise the environmental impacts of mineral exploitation.
· Improved methods of using and re-using mineral resources reduce problems of resource depletion.

Mineral resources and mining

The quantity of exploitable deposits that exists in the crust of every mineral is significantly more than we could realistically use. However, most of the deposits are in places we can’t access, or at purities that are too low for economic exploitation.

The mineral deposits in the crust can be categorised according to whether the technology exists to exploit them and whether this exploitation would be economically viable.

Lasky’s principle

· It is important to be able to predict how many minerals we will be able to mine in the future.
· Geologists look at areas where minerals have been previously found to predict whether similar quantities of minerals may be in other areas which have similar geology.
· Economists use a mathematical model called ‘Lasky’s Principle’ to help predict the quantity of minerals that are yet to be discovered.
· 
What does Lasky’s Law state?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Lasky’s principle can be used to show how a small drop in the ore purity that can be exploited dramatically increases reserves 

Reserves, resource and stock
Mining companies have to plan many years ahead because it takes a long time to prepare a mine before any of the mineral can actually be sold. This preparation includes gaining detailed information on the mineral that is to be mined. However, the methods that provide this information are expensive, especially trial drilling. So, deposits that will not be exploited in the near future may be investigated with cheaper methods that provide less detailed information. More thorough exploratory investigations would be carried out nearer the time that exploitation will take place.

What is meant by the term stock?
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
What is a resource?
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
[image: http://people.hofstra.edu/geotrans/eng/ch5en/appl5en/img/resourcesreserves.gif]What is a reserve? 
_______________________________________________
___________________________________________
___________________________________________
___________________________________________
___________________________________________
___________________________________________
___________________________________________
___________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
_________________________________________________________________________________
	Category of reserves
	Description

	Inferred reserves
	The  presence of the mineral can be predicted from knowledge of the geological structures present but not enough is known to estimate the amount that can be economically extracted

	Probable reserve
	Sufficient information about the deposit is known, so the amount of the mineral that can be economically extracted can be estimated with sufficient accuracy that further exploration is justified.

	Proven reserves
	Sufficient exploration has been carried out, including trial drilling, to accurately estimate the amount of the mineral that can be economically extracted.



Although the amount of a material that exists may be greater than we could ever need, there may be other factors that will limit the viability of exploitation:
· we may not have the technology to exploit the deposits;
· the financial cost of exploitation may be too great;
· the environmental impact of exploitation may be unacceptable.
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Ore Purity
· The purer the ore, the cheaper it is to extract a particular quantity
· The purity of the ore affects the area of mine that can be economically exploited.
· The purity of the ore deposit usually decreases with increasing distance from the main ore body.
· Geological surveys are needed to assess the ore purity around the main ore body.
· Core samples are located using a grid. The area that can be mined economically depends on the ore purity and the cut-off ore grade (COOG).

What is meant by the cut-off ore grade?
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

To help with estimates of future availability, it is important to predict which deposits are likely to become available in the future and when. This involves many estimates and uncertainties.


Example of how to assess the economical viable mine area using COOG
The grid below shows the ore purity in a series of core samples.  An isoline of ore purity can be drawn to estimate the are that can be economically exploited
1. Using one colour draw circles around all areas which would be mineable if the cut-off ore grade was 25g kg-1.
2. Draw an isoline to show the area which contains metals above the COOG.
3. [image: A picture containing text, group, colors, different

Description automatically generated]Using a different colour draw an isoline to show the area of mine that would be viable if the COOG fell to 20g kg-1.
[image: Diagram

Description automatically generated]

[image: Table

Description automatically generated]












Mineral Exploration Methods

· Mineral deposits cannot be extracted unless they have been found. Discovering deposits involves a variety of exploratory techniques.
· Exploration for recoverable mineral deposits is expensive, so large-scale, cost-effective methods are used first, followed by more expensive methods in the most promising areas.
· Remote sensing involves all the techniques that give information about the lithosphere without taking direct samples. The sensing can be done at different altitudes, collecting data on a range of scales: satellite surveys, aircraft surveys, or ground-based surveys.
· Larger-scale surveys may be more expensive but they are often very cost effective, providing a lot of information at a relatively low cost per unit area that is surveyed.








Complete the table below with the different survey techniques
	Survey technique
	Method
	Details

	Satellite surveys
	1.


	



	
	2.
	

	Aerial surveys
	1.


	

	Surface based surveys
	1.


	



	
	2.



	

	
	3.


	

	
	4.


	






Factors affecting mine viability

Proving the presence of a mineral does not mean that economic mining activities can start. 
For a mining operation to be viable, a wide range of geological and economic criteria must be met.

1. Ore Purity
The purity of the ore affects the economic costs and environmental impacts of mining.
If the ore grade is low then:
· 

· 

· 

· 

2. Chemical form____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. Hydrology and overburden

Overburden is the rock that lies above a mineral deposit.  Explain how overburden and hydrology can affect mine viability.
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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How does the form of the mineral deposit affect viability of the mine?[image: A picture containing text, ax, vector graphics
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___________________________________________________________
______________________________________________________
______________________________________________________
______________________________________________________
______________________________________________________

4. Depth 
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________________________

5. Economic viability
Mining has to be an economically profitable activity, so there must be a balance between production costs and income. The lowest ore purity that can be mined economically, using existing technology, is called the cut-off ore grade (COOG). 
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The COOG changes as technology improves and market prices fluctuate.
Mineral reserves include deposits that are above the COOG.



6. Transport Costs
How are these influenced?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
7. Market economics

The market demand and sale value of the minerals control the economic viability of exploiting a specific mineral deposit. The market price is controlled by the demand for the mineral, how much is produced, the costs of extraction and processing.

The amount that can be supplied increases relatively slowly as mines are developed but demand can rise and fall quickly. So when demand and supply do not match prices can fluctuate widely.

This uncertainty makes the prediction of future markets very important.
Exploiting deposits in regions with existing mining activities produces benefits by having access to the existing infrastructure for transport and energy, equipment supplies, and a trained workforce.

Exam Question
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Extraction techniques:
Study the pictures below, which methods of mineral extraction are shown and which one is preferable?
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[image: Open-pit coal mining at Garzweiler, Germany]
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Environmental impacts of mineral exploitation

Only about 1% of the Earth’s land surface has ever been mined. The local impacts can be very severe but impacts can spread further through drainage water, atmospheric pollution, the impacts of mineral processing, and infrastructural developments such as transport systems.

Create a poster detailing:
· the environmental impacts caused by mining.
· ways in which these have been controlled.

Ensure the following areas are in your poster

Environmental Impacts of Mineral Exploitation
Exploration
Amenity loss
Land take
subsidence
Habitat loss
Air and water pollution
Traffic congestion
Spoil disposal
Flooding






Strategies to secure future mineral supplies

The mining industry has usually exploited large, easily accessed, shallow, high grade deposits first. Future supplies may be more difficult to exploit, but the development of new technologies may make it possible. Rising prices may reduce the COOG so it would become economically viable to exploit lower grade ores.
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There are four main approaches to increasing future supplies:
· better exploration
· increased efficiency of traditional methods
· new extraction methods 
· end-of life strategies:

In groups research one of the different methods of securing the future of important minerals and produce a summary table of the method and details of the uses/advantages/disadvantages of this method. We will share these and use to complete the pages below.

1. Better Exploration:
[bookmark: _Hlk92127325]Remote sensing techniques:________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Portable field equipment:
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. Increased efficiency of traditional methods 
[image: http://www.swapmeetdave.com/Humor/Workshop/Trencher2.jpg]Mechanisation:
________________________________________________________
___________________________________________________
___________________________________________________
___________________________________________________
___________________________________________________
___________________________________________________
__________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. New extraction methods

Exploitation of low grade deposits
The normal method of extracting a metal from its ore is to smelt it. This involves chemical reduction at high temperatures. The amount of energy needed increases rapidly as the ore purity declines. Economically viable exploitation of low grade ores may only be possible if new methods can be developed that do not rely on such high energy inputs and high temperatures.



Bioleaching
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
______________________________________________
_______________________________________________
_______________________________________________
Iron Displacement
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Leachate collection
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Rare earth metals

Rare earth metals are used in small amounts in many important applications, especially electrical, and electronic appliances. Exploitable deposits on land are limited and are mainly found in China. Chemical separation is complicated and produces large amounts of toxic wastes.

New techniques are being developed such as bacterial adsorption, where dissolved ions of the rare earth metals become more concentrated as they adsorb onto the cell surfaces of bacteria such as Bacillus subtilis. The metals can be separated by washing them off the bacteria using acidic solutions, with different metals being washed off at specific pHs.

Deep sea sediments have been found to have relatively high concentrations of rare earth metals including gadolinium, lutetium, terbium, and dysprosium. There is currently no viable method for exploitation of these deposits.

Polymer adsorption
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Exploiting previously inaccessible deposits
[image: Diagram

Description automatically generated]Polymetallic nodules (‘manganese nodules’)
_______________________________________________________
________________________________________________________
________________________________________________________
________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. End-of life strategies
Recycling

Manufacturing industry usually makes new products from freshly extracted raw materials but waste materials can also be reused. The wastes may come from two sources:

· pre-consumer wastes, for example, the waste trimmings produced by cutting or stamping machines;
· post-consumer wastes such as discarded consumer products.

Most of the materials in domestic waste can be recycled if they are separated. This is most effective when undertaken by the public before collection, as this prevents the reduction in quality caused by mixing of wastes, for example, paper and food waste.

Industry can also use recycled elements. However, it can be costly and complex. For example, comparing recycling aluminium with using newly extracted aluminium demonstrates a range of advantages and disadvantages.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Cradle to Cradle design
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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3.2.3.2 Geological processes that produced localised concentrations of recoverable
mineral deposits
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3.2.3.4 How a range of exploratory techniques work
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3.2.3.5 Factors affecting mine viability
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Table 1: Recycling
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* Poor design of objects — short lifespans of
disposable items

* Excessive use eg unnecessary packaging
* Poor disposal — materials lost (eg in landfill).
Reserves

* Limited reserves — that are economic and
accessible with current technology

* Declining ore purity of remaining deposits.
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Table 1: Recycling

Content

The advantages of recycling.

ional information

Conservation of mineral resources.
Reduced energy use (of mineral extraction).
Reduced mineral extraction/processing
impacts.

Reduced waste disposal impacts.

Difficulties with recycling schemes:

Identification of materials.
Separation of mixed materials.
Reduction in quality.

Increased transport costs/impacts.
Collection difficulties.

Lack of consumer cooperation.





