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 TESEP Rock Kit and Plate Tectonics Poster

A great to teach where rocks form and the industries that extract and use them.

Get them from haines.com.au or host a PD at your school!

You can also get them as a bundle

https://www.haines.com.au/australian-rock-kit-for-schools-by-tesep.html
https://www.haines.com.au/plate-tectonics-poster-by-tesep.html
http://haines.com.au
https://tesep.org.au/what-we-offer/book-a-pd
https://www.haines.com.au/australian-earth-sciences-bundle-by-tesep.html
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TESEP Australian Critical Minerals Kit

2 boxes with 26 minerals: 

• Critical minerals 

• Metallic minerals 

• Rock forming minerals 

• Moh’s scale of hardness 

• Online resources include: 

• Mineral Stories 

• Questions for students 

• 3D renders
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 TESEP Rock and Mineral Check

With each School visit we offer a free rock and mineral check: 

• To identify specimens no longer useful for teaching (e.g., pebbles, small specimens etc.) 

• To identify any misplaced specimens or valuable specimens (for display only) 

• To identify any hazardous material (e.g., asbestos, pitchblende etc.)
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 TESEP Rock Kit and Plate Tectonics Poster

TESEP Rock and Mineral kits (numbers) will be referred to in each episode

https://www.haines.com.au/australian-rock-kit-for-schools-by-tesep.html
https://www.haines.com.au/plate-tectonics-poster-by-tesep.html
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 All TESEP webinars are recorded

 After each webinar episode you will be sent a link with: 

• access to the slide set for that episode (including any embedded 
videos and links) 

• access to a recording of that episode (YouTube) 

After each episode you will also be sent: 

• A TESEP Certificate of Attendance (NESA Recognised) 

Please subscribe for news about forthcoming and new webinar series!

https://www.tesep.org.au/subscribe.html


Teacher Earth Science 
 Education Programme Ltd

www.tesep.org.au

 We will be following the Australian Curriculum v.9 (2022): 

• Curriculum content for Years 7-10 only 

• Focus on the Earth and Space science sub-strand 

• Will follow as many other sub-strands as possible 

 Australian Curriculum v.9 (F-10)

https://v9.australiancurriculum.edu.au


Teacher Earth Science 
 Education Programme Ltd

www.tesep.org.au

Much of this webinar is dedicated to Year 8, “… continue to develop a view 
of Earth as a dynamic system, in which change occurs across a range of 
timescales”. 

Rocks and Minerals for the classroom, and Plate Tectonics webinars cover 
this fully. 

This webinar series will follow the following sub-strands:

 Australian Curriculum v.9 (F-10)

https://v9.australiancurriculum.edu.au
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 Australian Curriculum v.9 (F-10)

Years 8 & 9 (Earth and Space Sciences)	
• Explaining the uses of different types of rocks with reference to their properties and formation 

(AC9S8U04) - Covered in Episode 1 

• Exploring how the mining of ores and minerals impacts on local environments and examining 
environmental rehabilitation initiative (AC9S8U04) - Covered in Episodes 4 - 5	

• Analysing how sustainability priorities such as efficiency and limiting environmental impact have led 
to innovative practices in mining and mine site regeneration (AC9S8H01) - Covered in Episodes 4 - 5	

• Examining how the development of hybrid and solar, electric and hydrogen-powered vehicles are 
applications of contemporary science responses to the depletion of fossil fuels and exploring 
environmental considerations (AC9S8H03) - Covered in Episodes 2 - 4 

• Investigating how an understanding of materials and concern for the environment have led to the 
adoption of widespread recycling practices  (AC9S8H03) - Covered in Episode 5 

https://v9.australiancurriculum.edu.au/ 

https://v9.australiancurriculum.edu.au
https://v9.australiancurriculum.edu.au/
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 Australian Curriculum v.9 (F-10)

Years 8 & 9 (Chemical Sciences)	
• Examining how the physical and chemical properties of a substance will affect its production or use  (AC9S8U07) - 

Covered in all Episodes 
• investigating why most elements are not found in their elemental state and processes which are used to obtain the 

element (AC9S9U06) - Covered in Episodes 2 - 4 

• predicting how ideas of green chemistry such as minimising the amount of unusable waste products, energy use 
and using more environmentally friendly chemical processes will affect the environment (AC9S9U06) - Covered in 
Episodes 4 - 5	

Year 9 (Physical Sciences)	
• Explaining efficiency and recognising that in energy transfer and transformation a variety of processes can occur, so 

that the amount of usable energy is reduced and the system is not 100% efficient (AC9S9U06) - Covered in 
Episodes 3 - 6 

• Comparing the efficiency of electricity generation from coal and other sources such as nuclear, hydroelectricity, 
gas, solar and wind (AC9S9U06) - Covered in Episodes 3 - 6	

Year 10 (Biological Sciences)	

• Outlining processes involved in natural selection including variation, isolation and selection - Covered in Episode 1	

https://v9.australiancurriculum.edu.au/

https://v9.australiancurriculum.edu.au
https://v9.australiancurriculum.edu.au/
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Critical Minerals PD overview

This PD has 6 parts:	

1. Introduction and overview 
2. Critical mineral uses – our high tech lives 
3. Critical mineral uses – energy transition 
4. Sourcing critical minerals – natural resources 

5. Sourcing critical minerals – processing and recycling	
6. Australian focus
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Recap and introduction

In plain language …  

• A critical mineral is a mineral that a jurisdiction is worried about the supply 
of, as their economy will be impacted if the supply is not ensured. 

The list differs for each national / state / territory government globally, 
depending on supply risk and economic importance 

Defined lists usually includes minerals important for our high tech lives and for 
the energy transition 

This part of the PD examines sourcing minerals from processing and recycling
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Where do we source critical minerals?

Three main methods: 

• Mined as primary products 

• Recovered as by-products from 
processing of other minerals. 

• Recycling.

Last part of the PD

This part of the PD
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Why recycle and process?

Our high-tech lives, and the transition from renewable to non-renewable energy 
has increased the demand for minerals. 

• Minerals are becoming harder to find and more expensive to mine. It also 
takes time from exploration to production. 

• Not every country has a minerals endowment. 

In addition, society is more conscious of the environmental and community 
aspects of mining, and need to recycle. 

Can we meet mineral demands by recycling and / or improved processing from 
already disturbed land?

Source: Figure-7.-Copper-demand.jpg (4363×2982) (eurogeologists.eu)

http://eurogeologists.eu/wp-content/uploads/2017/01/Figure-7.-Copper-demand.jpg
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Exploration challenge: decreasing discovery

Source: Schodde presentation - IMARC Nov 2020 Vn2 (minexconsulting.com)

https://minexconsulting.com/wp-content/uploads/2021/05/IMARC-Presentation-Nov-2020.pdf
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Copper demand: future shortfall from mining

Source: Figure-7.-Copper-demand.jpg (4363×2982) (eurogeologists.eu)

http://eurogeologists.eu/wp-content/uploads/2017/01/Figure-7.-Copper-demand.jpg
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Includes copper in electric cables 
and wires, copper coils, white goods, 
TVs, some cookware etc 

 In the European Union 

• 50% of Cu demand from 
recycling 

• <85% less energy to recycle than 
for primary production

Recycling copper

Source: copperalliance.eu

https://copperalliance.eu/benefits-of-copper/recycling/
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https://www.iea.org/reports/recycling-of-critical-minerals/executive-summary
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Recycling copper

Source:) https://youtu.be/iDSKcijn_mI

https://www.youtube.com/watch?v=iDSKcijn_mI
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Activity: Who recycles batteries? Where do you 
take them?
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Lithium demand: Greenbushes mine v EVs example

Greenbushes in WA is the biggest operating lithium mine in the world 

• aiming to produce 160 000 metric tons of LCE concentrate p.a. 

• ~30,080 metric tons Li pa (~30,080,000 kg Li pa) 

Each Tesla Model S uses 7kg of Li in its batteries 

• Greenbushes will supply enough Li for ~4.2 million EVs p.a. 

In 2021, EV sales topped 6.4 million units globally 
• Forecast to rise to ~25 million globally in 2030 

	 	 	 	 	 i.e. we will need much  

	 	 	 	 	 more Li than currently mined

Source: Greenbushes Lithium Mine - world's largest operating lithium mine (nsenergybusiness.com) Savannah Resources | Lithium Overview     How Many Electric Vehicles Sold in 2021? | GreenCars car-3.png (1667×810) (bloomberg.com) Electric vehicle trends | Deloitte Insights

https://www.nsenergybusiness.com/projects/greenbushes-lithium-mine/
https://www.savannahresources.com/lithium/lithium-overview/
https://www.greencars.com/post/how-many-electric-vehicles-sold-in-2021
https://www.bloomberg.com/graphics/2017-lithium-battery-future/img/car-3.png
https://www2.deloitte.com/us/en/insights/focus/future-of-mobility/electric-vehicle-trends-2030.html
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Recycling Li-Ion batteries (LIB)

Nearly all components (95%) of a LIB can be recycled.

Source: Trends in Lithium-ion Battery Reuse and Recycling • EVreporter

https://evreporter.com/lithium-ion-battery-reuse-and-recycling/#:~:text=More%20than%20100,000%20tonnes%20of%20lithium-ion%20batteries%20were,at%20some%20identified%20trends%20in%20Lithium-ion%20battery%20recycling:
https://evreporter.com/lithium-ion-battery-reuse-and-recycling/#:~:text=More%20than%20100,000%20tonnes%20of%20lithium-ion%20batteries%20were,at%20some%20identified%20trends%20in%20Lithium-ion%20battery%20recycling:
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Recycling Li-Ion batteries (LIB)

Source: recycling-01-00025-g005.png (2955×2191) (mdpi.com)

https://www.mdpi.com/recycling/recycling-01-00025/article_deploy/html/images/recycling-01-00025-g005.png
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In Australia in 2021: 
•Only 10 per cent of Australia's 

lithium-ion battery waste is 
recycled (99% for Pb batteries) 
• Growing by 20 per cent per year 

and could exceed 136,000 tones 
by 2036 
• EV batteries not being recycled at 

scale 

Globally numbers are disputed: 
• Recycling rate between 1 - 18% 
• Dominated by China, USA 

catching up – evolving quickly!

Recycling Li-Ion batteries (LIB)

Source: CSIRO Research Publications Repository – Publication     image-asset.png (734×418) (squarespace-cdn.com)     

https://www.csiro.au/en/research/technology-space/energy/decarbonising-industry-transport/energy-in-the-circular-economy/battery-recycling
https://images.squarespace-cdn.com/content/v1/587657ddbe659497fb46664c/1534336340719-RWSTQMUP478EN5XLQN5O/ke17ZwdGBToddI8pDm48kHXQ7PMMspe3Us64lOb3sMZZw-zPPgdn4jUwVcJE1ZvWQUxwkmyExglNqGp0IvTJZUJFbgE-7XRK3dMEBRBhUpxu1Q4gLWy3t2hJVAt6Iuxfg4mXgOsziMyToj1IR7s9uz_6pyMMx8KgLmxHQsFCq2I/image-asset.png
https://www.iea.org/reports/recycling-of-critical-minerals/executive-summary
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https://www.iea.org/reports/recycling-of-critical-minerals/executive-summary
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LIB can be repurposed for a second 
life – and then recycled.

 Life of a LIB pack governed by 
weakest cell – using more from 
strong cells, less from weak cells 
extends life (e.g. Relectrify).

Repurposing and maximising efficiency of Li-Ion batteries 
(LIB)

Source: Trends in Lithium-ion Battery Reuse and Recycling • Evreporter      Our Technology — Relectrify

https://evreporter.com/lithium-ion-battery-reuse-and-recycling/#:~:text=More%20than%20100,000%20tonnes%20of%20lithium-ion%20batteries%20were,at%20some%20identified%20trends%20in%20Lithium-ion%20battery%20recycling:
https://www.relectrify.com/technology
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https://discoveryalert.com.au/news/rare-earth-elements-strategic-resources-2025/
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Source: https://www.snexplores.org/article/recycling-rare-earth-elements-hard-reuse-greener-technology
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Source: https://www.snexplores.org/article/recycling-rare-earth-elements-hard-reuse-greener-technology
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Mines aim to recover specific 
minerals from the ore they extract.  

Ore is sent to a refinery / smelter to 
separate the target minerals from 
the waste.  

The complex process may include 
crushing, separation by physical 
properties, flotation, chemical 
treatment, roasting etc.

Mineral processing

Source: copper mine operation schematic au - Bing images     1113657.jpg (1280×1280) (weinrichmineralsinc.com) 	
SPS_HeroImage_Demarco_123rfLtd_3315684_l_copy.jpg (1130×757) (sciencelearn.org.nz)

https://www.bing.com/images/search?view=detailV2&ccid=38AeUS0v&id=34A5910FB759C94FC5879624991F038A11E961ED&thid=OIP.38AeUS0v8_U8pBhHNaCk6wHaE1&mediaurl=https://2.bp.blogspot.com/-3ViWacp1PdU/UNrE23s3xNI/AAAAAAAAFvw/FDHppF_5nEM/s1600/copper+processing.jpg&exph=544&expw=832&q=copper+mine+operation+schematic+au&simid=608034886761921140&FORM=IRPRST&ck=21C892C618057515DAC81F76C23A7971&selectedIndex=11&ajaxhist=0&ajaxserp=0
https://www.weinrichmineralsinc.com/userfiles/products/1/1/1113657.jpg
https://static.sciencelearn.org.nz/images/images/000/001/961/full/SPS_HeroImage_Demarco_123rfLtd_3315684_l_copy.jpg?1522304914
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By-products of refining major minerals (like Zn, 
Cu, Pb, Au and Ni) may include critical minerals 
• e.g. PGEs, REE, Cr, W, Co, Cd, Ge, In, Se, Te, Re 
• e.g. Indium is common in sphalerite. 

However, many of these have not been a target 
mineral for many reasons. 

• Lack of knowledge about minor minerals in 
ore. 

• Minerals weren’t known about  

• There was no market (value or use) for other 
minerals in the past. 

• Metallurgical issues in extraction.

Mineral processing

Source: 2.11 Potential for Australian critical commodity production | Geoscience Australia (ga.gov.au) (Critical Minerals | Geoscience Australia (ga.gov.au)     	
A) Photograph of a sphalerite-galena vein in drill core from the Mt... | Download Scientific Diagram (researchgate.net)

https://www.ga.gov.au/data-pubs/data-and-publications-search/publications/critical-commodities-for-a-high-tech-world/potential-for-australian
https://www.researchgate.net/figure/A-Photograph-of-a-sphalerite-galena-vein-in-drill-core-from-the-Mt-Carlton-deposit-B_fig2_318065878
https://www.ga.gov.au/about/projects/resources/critical-minerals
https://www.researchgate.net/figure/A-Photograph-of-a-sphalerite-galena-vein-in-drill-core-from-the-Mt-Carlton-deposit-B_fig2_318065878
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Waste material from metalliferous mines 
is known as ‘tailings’. 

‘Fly ash’ is the left over material when 
coal is burnt. 

‘Slag’ is the waste product from smelting.  

Many waste materials contain major and 
minor minerals not recovered from 
original mining. 

• Better technology now 

• Also aids rehabilitation

Reprocessing waste materials

Source: Giant-ash-dam.jpg (1024×576) (oxpeckers.org)     Goggle Maps 

https://oxpeckers.org/wp-content/uploads/2015/06/Giant-ash-dam.jpg
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The Century mine (NW of Mount Isa) was one of 
the world’s largest zinc mines 

• Produced a Zn and Pb concentrate from 1999 
to 2016. 

• After the higher grade ore was mined, another 
company has been processing the tailings to 
extract remnant Zn. 

• Although the Zn is lower grade the operation is 
lower cost as it uses existing infrastructure –  
and is rehabilitating the tailings dam by storing 
materials in the pit. 

Zn is important in renewable (solar, wind and 
hydro) energy to galvanise steel to stop rust. 

Zn made it on to the Australian Strategic Minerals 
list in 2024.

Reprocessing waste materials: 
Zn recovery

Source: New Century Resources Homepage | New Century Resources, Google Maps

https://newcenturyresources.com/
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Reprocessing waste materials: REE from coal fly ash

Source: https://www.flyashaustralia.com.au/WhatIsFlyash.html



Teacher Earth Science 
 Education Programme Ltdwww.tesep.org.au

Reprocessing waste materials: REE from coal fly ash

https://discoveryalert.com.au/news/valuable-rare-earth-elements-coal-ash-2025/
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Reprocessing waste materials: REE from coal fly ash

When coal is burnt, a non-combustible, fine-grained material called ‘fly ash’ is 
produced. 

• Some coal includes REE concentrated in minerals like monazite, allanite, 
zircon, xenotime 

• The USA has the world’s largest coal reserves and produces vast amounts of 
fly ash, but only 9% of REE from a single mine. 

USGS is researching the potential of extracting REE from coal 

• REEs are redistributed into fly ash glass when coal burnt. 

• Possible to recover REEs from fly ash glass – though probably requires an acid 
digestion plant.

Source: USGS. FS 2019-3048: Rare Earth Elements in Coal and Coal Fly Ash (usgs.gov), 

https://pubs.usgs.gov/fs/2019/3048/fs20193048.pdf
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The demand for critical minerals has 
led to: 

• Some onsite plants being 
modified to recover critical 
minerals. 

• Offsite refineries adapting to treat 
a range of materials to recover 
critical minerals. 

• New plants being constructed to 
recover critical minerals 
• e.g. Kalgoorlie Rare Earths 

Processing Facility (Lynas)

Mineral processing

Source: 2.11 Potential for Australian critical commodity production | Geoscience Australia (ga.gov.au) (Critical Minerals | Geoscience Australia (ga.gov.au) WA Environment Minister gives green light to build $500m rare earths refinery at Kalgoorlie - 
ABC News      Home - Lynas Rare Earths

https://www.ga.gov.au/data-pubs/data-and-publications-search/publications/critical-commodities-for-a-high-tech-world/potential-for-australian
https://www.researchgate.net/figure/A-Photograph-of-a-sphalerite-galena-vein-in-drill-core-from-the-Mt-Carlton-deposit-B_fig2_318065878
https://www.ga.gov.au/about/projects/resources/critical-minerals
https://www.ga.gov.au/about/projects/resources/critical-minerals
https://www.abc.net.au/news/2022-02-02/new-500m-rare-earths-refinery-at-kalgoorlie-given-green-light/100798392
https://www.abc.net.au/news/2022-02-02/new-500m-rare-earths-refinery-at-kalgoorlie-given-green-light/100798392
https://lynasrareearths.com/
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Mineral processing: Umicore

Global operations who recycle and refine from other smelters. 

• Products include a range of critical minerals otherwise not recovered

Source: Umicore | Precious Metals Refining | Umicore     Flowchart-for-Umicores-integrated-metals-smelter-and-refinery-Reprinted-from-Hagelueken.png (850×583) (researchgate.net)     , 

https://pmr.umicore.com/en/
https://www.researchgate.net/profile/Oyuna-Tsydenova/publication/281368370/figure/fig3/AS:391530524233733@1470359559702/Flowchart-for-Umicores-integrated-metals-smelter-and-refinery-Reprinted-from-Hagelueken.png
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Primarily produces zinc metals from 
raw materials mined in Australia, 
Alaska and South America. 

By-products include sulphuric acid, 
agricultural and industrial grade 
gypsum, iron oxide, lead sulphate, 
copper cement, manganese dioxide. 

Zinc refinery is ‘energy hungry’. 
Committed to being the world’s first 
refinery to produce zinc entirely 
from renewable energy (by 2040)

Mineral processing: Sun Metals Refinery, Townsville

Source: Sun Metals Zinc Refinery     Sun-Metals-zinc-refinery-Townsville-855x0-c-default.png (855×630) (pv-magazine-australia.com)

https://www.sunmetals.com.au/
https://www.pv-magazine-australia.com/wp-content/uploads/sites/9/2020/11/Sun-Metals-zinc-refinery-Townsville-855x0-c-default.png
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Summary

Mining alone cannot meet the demands of critical (and other minerals) given the 
rapid escalation in demand. 

Recycling of materials is under-utilised globally 

Processing of existing ore and tailings can minimise new ground disturbance 

Maximise efficiency of existing refineries. 

All have energy requirements, and economic, environmental and social impacts.


