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Heart of Gold Lesson Plan Year 7 

Lesson 1 
Separation of Gold 

Curriculum Links:  
(ACSSU112) / Year 7 / Science / Science Understanding / Chemical Sciences 
(ACSSU222) / Year 7 / Science / Science Understanding / Earth and Space Sciences 
(ACSHE119) / Year 7 / Science / Science as a Human Endeavour / Nature and 
Development of Science 
(ACSHE121) / Year 7 / Science / Science as a Human Endeavour / Use and Influence of 
Science 

Background Information: 
It is actually quite unusual to find large nuggets of gold and most gold prospectors 
actually need to separate gold out from lots of other material. Depending on where the 
gold is found, this may be done by panning or through dry blowing. Each of these 
methods relies on the property of density. As gold has a very high density compared to 
the rock, soil and sediments it is contained in, it can be separated out by exploiting this 
property as it will fall to the bottom of mixtures that are allowed to settle out. 

The process of panning is used when small pieces of gold are found in creeks and rivers. 
It involves using a large shallow dish (pan) to scoop out some of the sediments in the 
riverbed and a small amount of water. You use a swirling motion with the pan tipped 
away from you and allow small amounts of the sediments and water to spill over the 
edge of the pan. When you have only a small amount of the sediments remaining in the 
pan, you will be able to see any gold particles that remain at the bottom of the pan. 

In 1893, Patrick ‘Paddy’ Hannan, along with Thomas Flanagan and (possibly) Daniel 
Shea, was the first to find gold near Mt Charlotte, starting the gold rush in Kalgoorlie. 
Paddy Hannan was the one to register their claim with the mining warden’s office so his 
name is the one more famously remembered. His name has been used for many 
companies, organisations and places such as the suburb in Kalgoorlie and the statue of 
Paddy, which is one of the stops on the Heart of Gold Discovery Trail.  

There was no creek or river in the area where Hannan and his mates found gold and 
water was a scarce commodity. Therefore, a method to separate gold from other 
material, without the use of water, had to be developed.  
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Prospectors found that gold could be separated by shaking material through a series of 
mesh screens of decreasing size. The fine material was then winnowed (blowing air 
through to get rid of very fine dust, leaving the heavier gold behind) but this was 
extremely labour intensive. Mechanical shakers started to be developed then an 
enterprising gentleman by the name of Steve Lorden invented the dry washer in 1893. 
Some more information on this can be found at the link below. 
http://museum.wa.gov.au/explore/wa-goldfields/getting-gold/getting-gold-without-water 

http://museum.wa.gov.au/explore/wa-goldfields/getting-gold/getting-gold-without-water
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Dry washers (or blowers) still exploit the high density of gold and essentially combine the 
process of screening and winnowing into one device. Two videos of dry washers being 
used can be seen here – one is a small-scale machine and the other quite large: 
https://www.youtube.com/watch?v=PEoEaaICwPQ 
https://www.youtube.com/watch?v=aFCYSLAo68U 

As can be seen in the videos, it is still quite labour intensive and very dusty work. 

Aim: 
To separate ‘gold’ from the mixture of rock, sediments or soil it is contained in. 

Materials: 
• Small pieces of very dense material such as lead fishing sinkers (you may like to

paint these gold for effect)
• A mixture of soil, sand and rocks (prepare this beforehand to save time)
• Large shallow dish such as a pie dish for panning (if you can make some

horizontal ridges in the edge, this will be ideal)
• Large tub of water
• Materials for students to design and make their own dry washers – cardboard

boxes, stockings, fly wire, shade cloth, aluminium trays, kitchen sieves, colander,
fabric scraps

• Hairdryer

Safety Notes: 
• When students are testing their dry washers, they should wear safety glasses to

prevent eye injuries.

Method: 

A: Gold Panning 
1. Show students the pieces of ‘gold’ you have prepared then add them to the

mixture of soil, sand and rocks, mixing well.
2. Put a small handful of the mixture into your shallow dish and fill about halfway

with water.
3. Demonstrate the panning action to students, showing how you swirl the dish,

tilting it away from you periodically, allowing some of the mixture to wash over
the edge of the dish, using the water in the tub to help. (You will need to do this
outside or in a wet). Here are some videos that show you the technique:
https://www.youtube.com/watch?v=PxfcAhS08u0 (the main part about panning
action starts at approx. 5 minutes)  
https://www.youtube.com/watch?v=40fWli81z0k 

4. Allow the students to have a try of panning. You may like to make it a competition
for who can find the most gold or who finds it the fastest.

 B: Design and Create a Dry Washer (Open Investigation) 
1. Show the students the two videos from the links in the Background Information

section.
2. Students can then research how a dry washer works.
3. Show them the materials available and ask them to design and build their own dry

washer. Remind them it does not necessarily have to look exactly like the existing
designs but should perform the task of separating the gold from the waste
material.

4. Test the designs using the mixture of soil, sand, rocks and gold.

https://www.youtube.com/watch?v=PEoEaaICwPQ
https://www.youtube.com/watch?v=aFCYSLAo68U
https://www.youtube.com/watch?v=PxfcAhS08u0
https://www.youtube.com/watch?v=40fWli81z0k
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Discussion: 
1. What property of gold allows it to be separated from soil and sediments by

panning?
2. Why were dry washer used in the WA goldfields rather than panning?
3. Do the panning or dry blowing methods collect all of the gold or does some still

get sent to the waste pile?

Evaluation: 
• Was your dry washer design successful? i.e. Did you separate out some gold?
• How could you improve your design?
• To make your design last longer, what materials could you use to make it from?

Extension activities: 
• Aboriginal and Torres Strait Islander people used a tool called a yandi to separate

seeds from other materials. Students could research this and make their own
yandis. You may like to contact a local Aboriginal person to come and speak to the
students about yandi use.

• Students could visit the Hannans North Tourist Mine to try panning for gold in a
realistic mine setting. Details can be found here:
http://www.hannansnorth.com.au/

Free hands-on activities for Earth and Space Science teaching can be found at 
www.earthsciencewa.com.au. Earth Science Western Australia (ESWA) is a proud affiliate 
member of the Gold Industry Group. 

http://www.hannansnorth.com.au/
http://www.earthsciencewa.com.au/
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Heart of Gold Lesson Plan Year 7 

Lesson 2 
The Importance of Water 

Curriculum Links:  
(ACSSU112) / Year 7 / Science / Science Understanding / Chemical Sciences 
(ACSSU116) / Year 7 / Science / Science Understanding / Earth and Space Sciences 
(ACSSU222) / Year 7 / Science / Science Understanding / Earth and Space Sciences 
(ACSHE119) / Year 7 / Science / Science as a Human Endeavour / Nature and 
Development of Science 
(ACSHE121) / Year 7 / Science / Science as a Human Endeavour / Use and Influence of 
Science 
(ACSIS125) / Year 7 / Science / Science Inquiry Skills / Planning and Conducting 
(ACSIS131) / Year 7 / Science / Science Inquiry Skills / Evaluating 
(ACHGK040) / Year 7 / HASS / Geography / Water in the World 
(ACHGK047) / Year 7 / HASS / Geography / Place and Liveability 
(ACTDEK034)  / Year 7 / Design and Technology / Technologies Contexts / Materials and 
Technologies Specialisations 
(WATPPS40) / Year 7 / Design and Technology / Creating Solutions by: / Investigating 
and Defining 
(WATPPS43) / Year 7 / Design and Technology / Creating Solutions by: / Producing and 
Implementing 

Background Information: 

As the word got out about the discovery of gold in the West Australian Goldfields, the 
population in that area boomed. There was one big problem though – this area was 
mostly barren desert with little water available. Water that was available was sourced 
from salt lakes and had to be purified with condensers before consumption. Water was 
also required to run the steam engines that both the trains servicing the area used and 
that ran mining equipment. 

In 1896, then Premier of WA, Sir John Forest, introduced a bill to parliament to gain a 
massive loan to build the Goldfields Water Supply Scheme which would involve pumping 
water from the hills of Perth to Kalgoorlie, 530km away, through a pipeline. The idea and 
design for this scheme came from Charles Yelverton O’Connor who was the Engineer-in-
Chief of WA and had already achieved great engineering feats such as Fremantle 
Harbour. 

The history of this project and the people involved is fascinating as it was quite 
controversial at the time and there were many politicians against the construction of the 
scheme. More information on the history of this project can be found on this website 
from The National Trust https://www.goldenpipeline.com.au/ and also through this 
episode of the documentary series Constructing Australia 
http://constructingaustralia.nfsadl.com/pipedreams/forteachers.htm 

The construction of the pipeline is considered a great engineering feat and the quality of 
the construction has stood the test of time, with an estimated 60% of the pipeline still 
being the original pipes laid during construction. People in the Goldfields region and 
towns along the pipeline continue to rely on this water supply today, with approximately 
23 billion litres of water supplied per year. 

https://www.goldenpipeline.com.au/
http://constructingaustralia.nfsadl.com/pipedreams/forteachers.htm
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The issue of water quality poses an issue, not only in the Goldfields area but in many 
locations around the world. When water is available, it may be contaminated and not of a 
suitable quality for drinking. One process that can help improve the quality of water is 
filtering. This can remove visible contaminants such as sediments and rubbish and very 
fine filters can remove contaminants such as dissolved salts. Any water entering or 
leaving the Goldfields Pipeline must be filtered to ensure its quality and also to prevent 
damage to the pipeline itself. 

Aim: 
To design and test an effective water filter using everyday materials 

Materials: 
• PET bottle with lid (any size is suitable but larger bottles will require more of the

other materials)
• Nail and hammer to pierce hole in lid
• Scissors
• Paper coffee filters
• Chux cloths
• Fabric scraps
• Clean sand
• Small gravel (like the gravel found in aquariums)
• Cotton wool
• Dirty water (tap water with soil, sticks, organic material added)

Optional (but will give you 
cleaner water): 
• Activated carbon

(available from aquarium
and brewing suppliers or
if you can’t source it
anywhere else, you can
break open a cartridge
from a home water filter
jug)
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Safety Notes: 
• The filtered water should not be consumed as there may be microscopic

contaminants still present.
• Use caution when cutting the PET bottle and using the nail to pierce a hole in the

lid.
• There will be a sharp edge on the PET bottle once cut so you may like to put tape

around this edge to prevent injury.

Method: 

Note: Depending on the ability of your students, you may like to get them to design their 
own water filter using the supplied materials. If you would prefer a more scaffolded 
lesson, follow the steps below. 

1. Carefully cut the bottom off the PET bottle (about 3-4cm from the bottom of the
bottle).

2. Remove the bottle lid and using the hammer
and nail, pierce a hole in the bottle lid.

3. Take one of the coffee filters and place it over
the neck of the bottle. Carefully replace the lid
of the bottle. It may be easier to rest the bottle
in a jar or cup while you complete the next
steps so it doesn’t fall over.

4. Place a small amount of cotton wool in the neck
of the bottle, ensuring it reaches the sides.

5. Next put a layer of approximately 3cm of
activated carbon on top of the cotton wool.

6. Add a piece of Chux cloth then cover with a
layer of the clean sand (again approx. 3cm
deep). Level the sand but do not pack it down.

7. Add a layer of the small gravel to a depth of
approximately 3cm. Level the pebbles.

8. Flush your filter with clean water several times to remove debris from the
pebbles, sand and carbon.

9. Test your water filter by pouring the dirty water into the open end of the bottle
and collecting the water coming through the hole in the lid.
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10. Observe the materials that get stopped by the different layers of the filter and
compare to your original dirty water.

Discussion: 
1. Why is activated carbon used in water filters, not just charcoal left after wood is

burnt?
2. What other types of filtration could be used?
3. What would happen if there was a major leak in the Perth-Goldfields water

pipeline?
4. Before the pipeline was constructed, how did prospectors and miners in Kalgoorlie

collect and purify their water?
5. If the pipeline was not in place, how could the water demands of Kalgoorlie and

other towns be met in the present day?
6. What rules and guidelines do households in Perth have to follow to manage their

water use? Do these same rules apply in Kalgoorlie?

Evaluation: 
• How does the quality of your filtered water compare with the original water?

(visual observation only)
• How could you test the quality of your water in a more detailed fashion?
• How could your filter design be improved?
• What other materials could you use in the filter?

Extension activities: 
• Add salt to the ‘dirty’ water and challenge students to also remove this (further

laboratory equipment would potentially be required).
• Ask students to simplify the design of their water filter so they may be made and

used in third world countries. They may even like to design an easily assembled
filter that could be sent in aid packages.

• Examine the challenges faced by Charles Yelverton O’Connor in designing the
Goldfields Water Supply Scheme, looking at aspects such as the forces needed to
pump the water such a long distance. Look at the history of the pumping stations
built along the pipeline and how settlements built up around them.

• Students could carry out more water testing using a pool water testing kit
(available at pool supplies stores or department stores).

Free hands-on activities for Earth and Space Science teaching can be found at 
www.earthsciencewa.com.au. Earth Science Western Australia (ESWA) is a proud affiliate 
member of the Gold Industry Group. 

http://www.earthsciencewa.com.au/
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Heart of Gold Lesson Plan Year 8 

Lesson 1 
Models of Gold 

Curriculum Links:  
(ACSSU152) / Year 8 / Science / Science Understanding / Chemical Sciences 
(ACSSU225) / Year 8 / Science / Science Understanding / Chemical Sciences 
(ACSSU153)/ Year 8/ Science/ Science Understanding/ Earth and Space Sciences 
(ACSHE134) / Year 8 / Science / Science as a Human Endeavour 
(ACSHE226) / Year 8 / Science / Science as a Human Endeavour 
(ACDSIS140) / Year 8 / Science / Science Inquiry Skills 
(ACMNA187)/ Year 8 / Mathematics/ Real Numbers 

Background Information: 

Gold (Au, short form of the Latin name: Aurum) has an atomic number of 79 and atomic 
mass of 179. It is very dense, nearly twice as dense as lead. Bonds between gold atoms 
are short, bringing them closer to together, thus they are more tightly packed (or 
denser). Gold is a metallic element. It is ductile (can be stretched without damaged 
under tensile stress), malleable (rolled thin or flattened under compressive stress) and is 
a good conductor of electricity and heat. 

Gold can be found in many forms but is most commonly found as elemental gold, as it is 
quite unreactive. Elemental (or native) gold found in alluvial placer deposits (mixtures of 
native gold and other stream sediments) was generally the first and easiest type of gold 
to be found in Western Australia. Once word got around that gold had been found in an 
area, the gold rush started in the region.   

Alluvial placer gold is known as a secondary deposit, meaning the gold had been 
transported from its original location and redeposited. In Kalgoorlie, after this alluvial 
placer gold was found, in 1893, the primary deposit (original) of the native gold could be 
identified (by processes such as walking upstream, sampling rocks).  

Mining of the gold ore in the Kalgoorlie region was either from below the earth’s surface 
(as a mixture of native gold tightly crystallised with other minerals in rocks and veins of 
the primary ore deposits) or on the earth’s surface (native gold mixed with loose alluvial 
stream sediments in secondary placer deposits). The other minerals and rocks that 
surround the gold ore was discarded as waste rock or used as construction and building 
materials.   

Three years after mining first started, some of this waste was found to contain gold-
bearing tellurides, which are compounds of gold and tellurium (and other elements) also 
crystallised in an ore mixture. Since then massive gold-telluride deposits have been 
discovered. This telluride discovery made the Kalgoorlie area more economically viable 
and sustainable, as it reduced the waste produced and increased the recovery of this 
non-renewable natural resource. Now ~20% of gold from Kalgoorlie’s Super Pit comes 
from tellurides. 

Gold compounds form when gold atoms join with compatible atoms (such as silver and 
tellurium). Until 2016, 17 telluride minerals had been identified in the Kalgoorlie area, 6 
of which contain the gold element. In April 2016, an 18th telluride mineral was confirmed 
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and named kalgoorlieite after Kalgoorlie. While kalgoorlieite does not contain gold, it’s 
discovery is significant in assisting geologists understand more about the geological 
setting and ore-forming conditions for the area. In turn, this extra knowledge can make 
gold exploration more efficient by narrowing down the areas that gold may be located.   

Gold mixtures can be found in: 

 primary deposits, as ores with other minerals, tightly crystallised together and
generally microscopic (not visible to naked eye); or

 secondary deposits, as a concentrated deposit of native gold or gold
compounds in loose alluvial deposits with other sediment grains.

Over millions of years, the gold-bearing ores (in the primary deposit) can be exposed at 
the Earth’s surface due to weathering and erosion. As the ore is eroded away from the 
primary deposit, it is transported by water into creeks and rivers. As the ore tumbles in 
the waterway, the gold element or compounds can be broken away from the other 
minerals and semi-rounded to form nuggets. Due to the high density of gold, it generally 
falls out of suspension in the water earlier than other grains of similar size, and often 
gets trapped and concentrated around sunken rocks, logs or in stream bed holes. This 
forms the secondary deposit of gold. 

Aim: 
Develop an understanding of the different forms of gold – elemental (e.g. native gold); 
compound (e.g. tellurides) and mixtures (e.g. in ores/alluvial). 

Macroscopic primary gold Microscopic primary gold Secondary gold 

http://www.high-country-gold.com/tag/fine-minerals-collectibles/
https://www.steelguru.com/mining/mawson-resources-update-on-rompas-gold-project-in-finland/433616
http://gpex.ca/image-sharing/images/astackiwi.jpg
https://www.britannica.com/science/placer-deposit
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Materials: 
• 3 colours of ball-shaped items (~2cm diameter) to represent atoms (e.g. coloured

playdough; soft lollies)
• A means of holding the balls together (e.g. toothpicks)
• Calculator
• Clear (plastic or glass) bottle with lid ~100mls
• Brown rice (enough to fill bottle)
• Fine to medium grained sand (~1 gram)
• 250mL glass beaker or clear plastic container (with lid)
• Scales
• Small spatula or teaspoon

Safety Notes: 
• Students should be careful whilst attaching the balls together, for example if using

toothpicks (sharp ends).

Method: 

Activity A: Modelling Compounds 
1. Ask students to create atomic models of the following telluride minerals

(compounds of gold) (you may wish to have them do them all or divide them
amongst groups).

Calaverite (AuTe2)            Montbrayite (Au2Te3)  Silvanite (AuAgTe4) 
Petzite (Ag3AuTe2)            Krennerite (Au4AgTe10) 

2. Ask them which one of these five telluride minerals has the most gold per
compound. Ordering them from most gold (1) to least (5).

Mineral Au Ag Te Ag + Te Ratio (Au : Ag+Te) Order 

Calaverite (AuTe2) _______ _______ _______ _______ _____:_____ = ________ _______ 

Montbrayite (Au2Te3) _______ _______ _______ _______ _____:_____ = ________ _______ 

Silvanite (AuAgTe4) _______ _______ _______ _______ _____:_____ = ________ _______ 

Krennerite (Au4AgTe10) _______ _______ _______ _______ _____:_____ = ________ _______ 

Petzite (Ag3AuTe2) _______ _______ _______ _______ _____:_____ = ________ _______ 

1 0 2 2 1 2 0.5 
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3. Students could then work out the atomic mass of the five minerals. Ordering them
from heaviest (1) to lightest (5).

Mineral Au Ag Te Atomic mass Order 

Calaverite (AuTe2) ____ X________ ____ X________ ____ X________ ____________ _______ 

Montbrayite (Au2Te3) ____ X________ ____ X________ ____ X________ ____________ _______ 

Silvanite (AuAgTe4) ____ X________ ____ X________ ____ X________ ____________ _______ 

Krennerite (Au4AgTe10) ____ X________ ____ X________ ____ X________ ____________ _______ 

Petzite (Ag3AuTe2) ____ X________ ____ X________ ____ X________ ____________ _______ 

Activity B: Separating Mixtures 

1. Before class prepare the gold bearing mixture (ore) by filling the small bottle
with rice (to about halfway), add some sand (in the centre) and then fill the
bottle to the top with more rice (so that it fills the sides and obscures the
sand: DO NOT SHAKE).

2. Ask the students to look at the contents of the bottle (without shaking it) and
describe it.

3. Weigh your empty beaker and record the measurement.
4. Students should then open the small bottle and carefully tip its contents into

the beaker, then weigh the beaker again.
5. They should carefully move the contents in the beaker around with a spatula,

describing the mixture again (has this changed from their original
observations?)

6. They should then tap and move the beaker from side to side and then view the
mixture from the side and bottom. What has happened? Why?

7. Students will find that much of the rice has moved to the top of the beaker
(this is the waste). They should remove the waste with their spatula, putting it
back into the bottle. If needed they might like to gently shake the beaker
again to remove more waste. The end goal is to have the sand (gold) in the
beaker and the waste (in the container).

8. Once they are satisfied they have removed all of the waste (rice) they should
weigh their beaker again to work out the weight of their gold (sand).

9. They can work out how much gold was in the ore mixture, as a percentage, by
using the following sums:

weight of full beaker - weight of empty beaker = weight of ore mixture 
weight of ore mixture – weight of gold = weight of waste 
weight of gold/weight of waste x 100 = % of gold in ore mixture. 

10. Students should consider if this was a homogenous or heterogenous mixture.

1 197 0 108 2 128 
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Discussion: 
1. Why is gold usually found in elemental form?
2. What elements does gold form compounds with?
3. Why is gold ore considered a mixture?
4. How is alluvial gold found as a mixture?

Evaluation: 
• Can you suggest a better way to represent the differences between element gold

and gold as part of a compound?

Extension activities: 
• Find out more about how primary and secondary gold deposits are formed.

Produce a brochure so that visitors to Kalgoorlie can understand these important
processes.

Images Courtesy of: 
Macroscopic primary gold: Gold ore, gold in quartz, High Country Gold, http://www.high-
country-gold.com/tag/fine-minerals-collectibles/, access date: 1/05/2018 

Microscopic primary gold: Mawson Resources update on Rompas gold project in Finland, 
Mining News, 3/09/2015, https://www.steelguru.com/mining/mawson-resources-update-
on-rompas-gold-project-in-finland/433616, access date: 1/05/2018 

Secondary gold: Image File Sharing, Gold and Platinum Exploration, 
http://gpex.ca/image-sharing/images/astackiwi.jpg, access date: 1/05/2018 

Placer deposit: The Editors of Encyclopaedia Britannica, Encyclopaedia Britannica Inc., 
15/12/2010, https://www.britannica.com/science/placer-deposit, access date: 1/05/2018 

Free hands-on activities for Earth and Space Science teaching can be found at 
www.earthsciencewa.com.au. Earth Science Western Australia (ESWA) is a proud affiliate 
member of the Gold Industry Group. 

http://www.high-country-gold.com/tag/fine-minerals-collectibles/
http://www.high-country-gold.com/tag/fine-minerals-collectibles/
https://www.steelguru.com/mining/mawson-resources-update-on-rompas-gold-project-in-finland/433616
https://www.steelguru.com/mining/mawson-resources-update-on-rompas-gold-project-in-finland/433616
http://gpex.ca/image-sharing/images/astackiwi.jpg
https://www.britannica.com/science/placer-deposit
http://www.earthsciencewa.com.au/
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Heart of Gold Lesson Plan Year 8 

Lesson 2 
Placer Gold 

Curriculum Links:  
(ACSSU153)/ Year 8/ Science/ Science Understanding/ Earth and Space Sciences 
(ACSHE134) / Year 8 / Science / Science as a Human Endeavour 
(ACDSIS140) / Year 8 / Science / Science Inquiry Skills 
(ACDSIS144) / Year 8 / Science / Science Inquiry Skills 
(ACTDEP036)/ Year 7 & 8 / Design and Technologies / Processes and Production Skills 

Background Information: 

Elemental gold or native gold found in placer deposits (mixtures of native gold, other 
precious/semi-precious minerals and sediments) was generally the first and easiest type 
of gold to be found in Western Australia.   

Gold prospectors from all over Australia headed to Western Australia in the great gold rush 
of the 1890’s, to make their fortune upon hearing that another prospector had found gold 
in an area. It was not only these gold prospectors that happened to find gold nuggets. 
Legend has it that the first gold found in the now township of Cue was by an Aboriginal 
man named Governor. Governor gave what he thought was a useless stone to Michael John 
Fitzgerald and pointed Fitzgerald in the direction of more (now the main street of Cue). 
These stones were in fact gold nuggets and this find started the gold rush in Cue and 
surrounding areas. 
There are two main types of gold deposits:     

o primary deposits, as ores with other minerals, tightly crystallised together
and generally microscopic (not visible to naked eye); or

o secondary deposits, as a concentrated deposit of native gold or gold
compounds in loose alluvial deposits with other sediment grains/gravel.

Over millions of years, the gold-bearing ores (in the primary deposit) can be exposed at 
the Earth’s surface due to weathering and erosion. As the ore is eroded away from the 
primary deposit, it is transported by water into creeks and rivers. As the ore tumbles in 
the waterway, the gold element or compounds can be broken away from the other minerals 
and semi-rounded to form nuggets.   

Due to the high density of gold, it generally falls out of suspension in the water earlier than 
other grains of similar size, and often gets trapped and concentrated around sunken rocks, 
logs or in stream bed holes. This forms the secondary deposit of gold (or alluvial placer 
gold). 

http://www.high-country-gold.com/tag/fine-minerals-collectibles/
http://gpex.ca/image-sharing/images/astackiwi.jpg
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Aim: 
Construct a model of the formation of various placer gold deposits (secondary deposits), 
through weathering and erosion of gold ore deposits (primary deposits). 

Materials: 
 Schematic of ore body exposure and various placer deposits (1 per group)
 Large trays with sides
 Various earth materials, including rocks, medium and fine sands, clay or mud
 Small round lead fishing sinkers (size 1 preferable) ~10 per group
 Gold paint (optional)
 Small length of hose and beaker (or conduct this experiment outside with a garden

hose)
 Hairdryer (optional) – for those students wishing to demonstrate wind erosion too

Safety Notes: 
• Students should wear closed in shoes, tie back their hair and wear safety glasses

for these investigations.
• If demonstrating wind erosion, students should wear safety glasses, point the hair

dryer away from themselves (and others) and conduct the experiment in an open
area (like a school veranda).

Method: 
Before the class: Paint the sinkers gold, if you wish. 

1. Provide students with the example schematic of ore body exposure (provided at the
end of this activity) and ask them to spend 5 minutes as a group determining how they
are going to model the primary ore body. Where will the gold have been initially
deposited? How will they create a model of that using the materials provided?

2. How will they replicate weathering and erosion processes, leading to ore body
exposure, using the equipment provided?

3. Construct the ore body, as previously determined, and trial the weathering and erosion
processes. If allowed and available, video the trial/s using a student’s electronic device,
to enable re-observation of processes.

NOTE: Students should ensure that water pressure is not too high as this will quickly 
destroy their ‘mountain’, not a real replication of weathering and erosion processes. 

4. Students should consider and record where their placer deposits were formed (where
did the gold accumulate after weathering and erosion occurred).

Discussion: 
1. Which materials were transported first in your trial?
2. How long did it take for the ore body (gold to be exposed)?
3. How long did it take until gold was being transported away from where it initially

deposited?
4. Where did the gold accumulate over time?

Evaluation: 
• Was this a good representation of the formation of alluvial placer deposits?
• How long do you think these processes would take in real life?
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Extension activities: 
• Ask students to adjust the landscape they produced or some other aspect of the

experiment (such as water pressure – amount and location of rainfall) to see how
it impacts placer deposit formation.

• Students could visit the Hannans North Tourist Mine to try panning for gold in a
realistic mine setting. Details can be found here:
http://www.hannansnorth.com.au/

Images Courtesy of: 
Macroscopic primary gold: Gold ore, gold in quartz, High Country Gold, http://www.high-
country-gold.com/tag/fine-minerals-collectibles/, access date: 1/05/2018 

Placer deposit: The Editors of Encyclopaedia Britannica, Encyclopaedia Britannica Inc., 
15/12/2010, https://www.britannica.com/science/placer-deposit, access date: 1/05/2018 

Free hands-on activities for Earth and Space Science teaching can be found at 
www.earthsciencewa.com.au. Earth Science Western Australia (ESWA) is a proud affiliate 
member of the Gold Industry Group. 

http://www.hannansnorth.com.au/
http://www.high-country-gold.com/tag/fine-minerals-collectibles/
http://www.high-country-gold.com/tag/fine-minerals-collectibles/
https://www.britannica.com/science/placer-deposit
http://www.earthsciencewa.com.au/
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Heart of Gold Lesson Plan Year 9 

Lesson 1 
Chemical Processing of Gold 

Curriculum Links:  
(ACSSU178) / Year 9 / Science / Science Understanding / Chemical Sciences 
(ACSHE157) / Year 9 / Science / Science as a Human Endeavour 
(ACSHE158) / Year 9 / Science / Science as a Human Endeavour 
(ACSIS165) / Year 9 / Science / Science Inquiry Skills 
(ACSIS170) / Year 9 / Science / Science Inquiry Skills 

Background Information: 
Elemental gold or native gold is pure gold and is termed 24-carat gold. Native gold can be 
found naturally, and ranges in size from microscopic to flakes to large nuggets. Most gold 
found in ores are invisible to the naked eye. Gold can also be found in compounds 
(minerals), whereby atoms of gold and other elements combine to form these minerals. 
Special processing is then required to extract the very fine native gold and that found in 
compounds.   

Gold is extracted from the ore via various processes, which are constantly being refined to 
extract the maximum amount of gold and other precious metals. Also, as processes are 
refined or new ones developed, previously unviable deposits can become economical to 
mine and waste materials may be reprocessed to extract gold that might not have been 
collected by old methods.  

Each ore body is different, and the processes of gold extraction are developed based on 
the individual ore characteristics. These include whether gold is free as native gold and 
how fine/microscopic it is in the ore; or is the gold in a compound, as a mineral, and what 
type of mineral it is. 

Leaching gold from ore using cyanide (cyanidation) is a common method, as gold readily 
dissolves in weak cyanide solutions (strongly alkaline >10.5) producing a pregnant solution 
(i.e. solution full of gold):  Au+(s) + 2CN-(aq) = Au(CN)2-(aq).  In simplistic terms gold can 
be extracted with cyanide by:  

• Heap leach processing – the ore is crushed and piled into a large, specially designed
heap and a cyanide solution is irrigated across the top. The cyanide dissolves the
gold in the ore as it seeps through and the pregnant solution is collected in the
pregnant pond; or leaching in tanks – the ore is finely ground and mixed with
cyanide solution to form the pregnant solution.

• The pregnant solution is then passed into a tank with activated carbon (which has
a large surface area to volume ratio). The gold is removed from solution and
captured on the surface of the carbon.  The liquid with no gold is now termed barren
and can be reused to reduce the cyanide required in the next leach process.

• To remove the gold from the activated carbon, simply put, the loaded activated
carbon undergoes carbon stripping in a hydrochloric acid wash (to create another
pregnant solution), then electrowinning (winning of the gold by electrolytic
processes). The electrolytic process is undertaken by passing an electric current
through the pregnant solution. The positively charged gold ions in the solution are
attracted to the cathode device (negatively charged) and coats or electroplates the
cathode with metallic gold. This can then be smelted allowing gold bars to be poured
(this is then usually sent to The Perth Mint for further refining to remove any
remaining impurities, such as silver).
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Aim: 
Create an active model to represent the chemical leaching process used in part of the gold 
recovery process.  

Materials: 
• Scales
• Large beaker
• Brown rice (preferable) or coarse sand (if using sand you may need to also use a

filter) – represents crushed ore rock containing native gold
• Rock salt (preferable to fine salt) – represents native gold
• Bunsen burner, stand and gauze mat
• Bench mat, tongs
• 600mL beaker for warming water
• Thermometer
• Filter paper, funnel and stand
• 2 x conical flasks with stopper and tubing (for evaporation and condensation)
• Safety glasses
• Gloves

Safety Notes: 
• Students should work safely around the flame, with hair tied back and safety

glasses on.

Method: 
To be prepared prior to the class: Weigh out 10 grams of salt and mix it with the rice (or 
sand) in the large beaker. One to be prepared for each student group. Do not disclose 
the weight of salt in the mixture to students – it can be a competition to see which group 
collected the most salt after processing. 

1. Ask students to determine the best method of recovering the salt (gold), as a
solid, from the rice/salt mixture (ore) using a solution (water representing cyanide
solution) and any of the equipment provided to them. They should consider that a
large amount of cyanide solution would be expensive and would lead to wastage,
if the solution is not warm enough it may not dissolve all of the gold (salt), if the
water is too hot it may impact the ore (rice/salt mixture) reducing the amount of
salt recovered. Do they wish to filter? Will they need to evaporate/condense?

2. Students should produce a method for this identifying all equipment required and
safety hazards. This plan should be approved by you before they conduct the
experiment.

3. Students are to conduct the experiment and weigh the amount of solid salt they
managed to recover.

Discussion: 
1. How much salt (gold) did you recover?
2. Was this representative of the amount of salt (gold) that was in the rice/salt (ore)

mixture?

Evaluation: 
• Were there steps that may have led to contamination along the way?
• If you lost some of your salt (gold), where in the process do you think it was lost?
• How could you change your process to increase solid salt recovery?
• How does this process replicate the processing of gold from ore?
• Why do you think it is important to have the most effective and efficient way of

processing gold?
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Extension activities: 
• Students could repeat their experiment, implementing changes to improve the

efficiency of gold recovery.
• Students could visit a local gold mine to tour the processing plant or invite a local

metallurgist in to talk to the class.

Free hands-on activities for Earth and Space Science teaching can be found at 
www.earthsciencewa.com.au. Earth Science Western Australia (ESWA) is a proud affiliate 
member of the Gold Industry Group. 

http://www.earthsciencewa.com.au/
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Heart of Gold Lesson Plan Year 9 

Lesson 2 
Plate Tectonics and Gold 

Curriculum Links:  
(ACSSU180) / Year 9 / Science / Science Understanding / Earth and Space Science 
(ACSHE157) / Year 9 / Science / Science as a Human Endeavour 
(ACSHE158) / Year 9 / Science / Science as a Human Endeavour 
(ACSIS165) / Year 9 / Science / Science Inquiry Skills 
(ACSIS170) / Year 9 / Science / Science Inquiry Skills 

Background Information: 
Elemental gold or native gold is pure gold and is termed 24-carat gold. Native gold can be 
found naturally, and ranges in size from microscopic to flakes to large nuggets. Gold can 
also be found in compounds (minerals), whereby atoms of gold and other elements 
combine to form these minerals. Special processing is then required to extract the gold 
from the compound.   

Gold exists in minute traces in the Earth’s crust; however, to be an economic resource that 
can be mined, larger amounts must be concentrated in a localised area. The most common 
natural method of gold concentration in an area is through hydrothermal processes.  Simply 
put, super-hot fluids move through the rocks in the Earth’s crust and dissolve bits of gold 
and other soluble elements it encounters. This process will depend on the geochemistry of 
the fluids and the rocks it moves through. Then, as these fluids migrate away from the 
source of heat and start to cool, the gold precipitates/solidifies out in fractures and cracks 
as native gold or a gold mineral, accompanied by other minerals.  

The volcanism, mountain building, fault displacement and hydrothermal activity that occurs 
due to plate tectonics can create the optimal conditions for mineralisation of gold and other 
minerals in a regional area. With the supply of heat, from magma intrusions or large-scale 
metamorphism (through processes like mountain building), causes fluids to migrate 
upwards. As these fluids circulate away from the heat source, the minerals precipitate out 
and fill crustal voids.  

An interesting, Australian based overview can be found here - 
https://www.youtube.com/watch?v=RBGuaCDMPzM  

As scientific knowledge of mineral formation developed over the past centuries, specialists 
were able to develop more precise exploration techniques and new technologies to aid in 
the location of these hidden resources. Geologists and other scientists also use various 
sources of scientific discovery to assist in pin-pointing economical mineralised areas, 
including for example:  

• Plate tectonic theories and evidence, especially the location of ancient plate
boundaries, other historic weakness in the crust (faults/fractures), and past
sources of deep heat;

• Historical information (e.g. past gold deposit reports, mapping, modelling and
analysis data); and

• Identified mineralisation processes at present-day plate boundaries and crust
weaknesses.

Aim: 
Create an active model of hydrothermal mineralisation in rock cracks and fractures. 

https://www.youtube.com/watch?v=RBGuaCDMPzM
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Materials: 
• Rectangular Pyrex dish (important – candle wax may become too hot for standard

beaker, breaking them)
• Candle wax or similar (to fill dish 2-3cm)
• ~1 teaspoon Bicarbonate Soda
• ~ 1 teaspoon Turmeric powder
• Rocks or heat proof beads (to fill dish to three quarters of the way, on top of wax –

note these rocks/beads will end up covered in wax)
• Bunsen burner, gauze mat and stand (2 sets of stands may be needed if dishes are

long)
• Bench mat, tongs
• 10-20mls white vinegar or diluted acetic acid (~5%) and dropper
• Safety glasses and gloves

Safety Notes: 
• Students should work safely around the flame, with hair tied back and safety

glasses on.
• Hot wax can be very dangerous. Please supervise students carefully and if

students get wax on themselves please rinse it under cold water (do not rip it off
while hot).

Method: 

To be prepared prior to the class: melt enough wax in a Pyrex dish to cover ~1-2 cm height 
from the base. When partially re-solidified, add ~1 teaspoon of bicarbonate soda to the 
surface of the wax (doesn’t need to be evenly spread and can be lumps of powder). Do not 
mix but ensure that it sinks into the wax a bit. Add a small amount of turmeric powder, in 
patches. Again, do not mix but ensure that it sinks into the wax a bit. 

1. Set up the Bunsen burner, stand, and bench mat.
2. The Pyrex dish provided has solidified wax and other ‘elements’ in the base, including

bicarb soda. Carefully add the rocks or beads provided to approximately three quarters
of the way up the dish.

3. Light the Bunsen burner and place the dish on the stand/s.
4. Observe the side of the dish. Note any changes and reactions that are happening.
5. Once the wax starts melting time two minutes and then turn the Bunsen burner off.
6. Add a few drops of white vinegar (or diluted acetic acid) gradually with the dropper.
7. Discuss in your group what happened and describe any reactions visible from the side

of the beaker and the top.
8. Continue to add a few drops of vinegar/acid at a time, discuss in your group what is

happening, and describe any additional reactions.
9. Allow the wax solution to cool and solidify. Summarise what happened, including the

movement of the fluid mixture through the cracks between the rock/beads and what
the solidified material looks like.

Discussion: 
1. What happened to the wax as it started to melt? (it moves upwards)
2. What earth materials did the wax represent? (rock – molten = magma)
3. What happened when you added vinegar/acid? (some parts of the wax reacted by

fizzing).
4. Where there any specific places that fluids (even golden ones) accumulated? What

does this represent? (hydrothermal gold ore formation).



The #heartofgold Discovery Trail is a community initiative of the Gold Industry Group 
P: +61 8 6314 6333  E: info@goldindustrygroup.com.au  W: goldindustrygroup.com.au 

Evaluation: 
• How did your results differ to those of other groups?
• Did this process replicate hydrothermal gold ore formation well?
• Could it be improved in any way?

Extension: 
• Invite a local geologist into your classroom to talk about how gold deposits were

formed in the Kalgoorlie region.

Free hands-on activities for Earth and Space Science teaching can be found at 
www.earthsciencewa.com.au. Earth Science Western Australia (ESWA) is a proud affiliate 
member of the Gold Industry Group. 

http://www.earthsciencewa.com.au/

