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Critical Minerals Webinar Series

Part 1: Introduction and overview

Malte Ebach
TESEP Regional Co-ordinator
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Owners of the land on which we meet
today.
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Elders past, present and future.
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TESEP Rock Kit and Plate Tectonics Poster ——  —

Plate Tectonics: The reason for the Challenging Earth
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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://www.tesep.org.au/workshops.html
https://www.haines.com.au/australian-earth-sciences-bundle-by-tesep.html

With each School visit we offer a free rock and mineral check:
e To identify specimens no longer useful for teaching (e.g., pebbles, small specimens etc.)

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

e To identify any hazardous material (e.g., asbestos, pitchblende etc.)




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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Considered hosting a PD at your school? ——  —

More resourcing, professional development for
teachers could help improve NAPLAN results
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"Professionals right across
the system — lawyers,
doctors, accountants — are
expected to continue to
invest in their professional
development over their
careers, and for teachers it's
just the same.”
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In short:

One in three Australan students are not meeting expectationsin

numeracy and literacy, the latest NAPLAN results show. B 00 k 3 P D h ere |

Experts say where peogle bve, culture and privilege still shage
opportunity in Australia.

We are a NESA approved PD provider

What's next?

There are calls for better preparning teachers for the classroom, more
resources for schools and smaller class s:zes to help imprave
education putcomes.



https://www.abc.net.au/news/2025-07-31/addressing-declining-naplan-results-literacy-numeracy/105589422?utm_source=abc_news_app&utm_medium=content_shared&utm_campaign=abc_news_app&utm_content=messages
https://tesep.org.au/what-we-offer/book-a-pd
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TESEP Rock Kit and Plate Tectonics Poster ——  —

Plate Tectonics: The reason for the Challenging Earth
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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 gt

After each we

® accesstot

oinar episode you will be sent a

ne slide set for that episode (inc

videos and links)

ink with:

uding any embedded

e access to a recording of that episode (YouTube)

After each episode you will also be sent:
o A TESEP Certificate of Attendance (NESA Approved)

Please
series!

for news about forthcoming and new webinar



https://www.tesep.org.au/subscribe.html
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Australian Curriculum v.9 (F-10) ;S —

We will be following the Australian Curriculum v.9 (2022):
e Curriculum content for Years 7-10 only

e Focus on the Earth and Space science sub-strand

o Will follow as many other sub-strands as possible



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

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:



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

Years 8 & 9 (Earth and Space Sciences)

Explaining the uses of different types of rocks with reference to their properties and formation
(AC9S8UO04) - 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 (AC9S8HO1) - 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 (AC9S8HO03) - 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 (AC9S8HO03) - 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) ;S —

Years 8 & 9 (Chemical Sciences)

Examining how the physical and chemical properties of a substance will affect its production or use (AC9S8UQ7) -
Covered in all Episodes

investigating why most elements are not found in their elemental state and processes which are used to obtain
the element (AC9S9UO06) - 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 (AC9S9UO06) - 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/

Critical Minerals PD overview

This PD has 6 parts:

Introduction and overview
Critical mineral uses — our high tech lives

Critical mineral uses — energy transition
Sourcing critical minerals — natural resources

Sourcing critical minerals — processing and recycling

SR L T e A o

Australian focus




’—/
ﬂ

Question: What is a mineral? ~TESEP
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What is a mineral?

Minerals are “naturally occurring, inorganic solids with a definite chemical
composition and a regular atomic structure. From this basis come all their
physical properties”.

Over 5000 known minerals, most common on Earth are:
Feldspar (plagioclase, orthoclase)

Quartz

Pyroxene (augite)
Mica (biotite, muscovite)
Amphibole

Olivine

Source: Australian Museum, USGS,


https://www.weinrichmineralsinc.com/userfiles/products/2/4/2452404.jpg

What is a mineral?

They are the basic ingredients of rocks



https://th.bing.com/th/id/R.328fa7921ba4de44d6c2c3b346d6b70f?rik=XThH4nCjfIhlMg&riu=http://geologycafe.com/images/minerals_rocks.jpg&ehk=udbqRBIK1nVXSpuL4GV0P22lRaCvP70s2bhP5J6rz70=&risl=&pid=ImgRaw&r=0

Activity: Are these minerals?

Wood?

Diamond?

Coal?

Gold?

Quartz?

No, organic. “50%
carbon.

Yes, solid carbon.

No, organic.

Yes.

Yes, SiO,

Source: mineral-families-3-728.jpg (728x546) (slidesharecdn.com)

Glass?

Concrete?

lron?

Steel?

Plastic?

No, made from silica
plus additives.

No, made from aggregate
and cement.

Yes (native iron in
meteorites!).

No, alloy of iron with carbon
(+ others).

No, from polymers
synthesised from
hydrocarbons derived from
oil.



https://image.slidesharecdn.com/mineralfamilies-110926132706-phpapp02/95/mineral-families-3-728.jpg?cb=1317044566

Minerals, metals and elements

Most of the elements in the periodic table are metals.

*  Metals are chemical elements that ‘have a characteristic lustre, are good
conductors of heat and electricity, and are opaque, fusible, and generally
malleable or ductile’.

Elements can occur:

* Naturally as a mineral — known as ‘native’ form.

*  With other elements in a mineral.

*  Some elements do not exist in native form.

Source: Neuendorf et al. (2005) in Geoscience Australia: Critical commodities for a high-tech world | Geoscience Australia (ga.gov.au) Native Elements and Minerals List (thoughtco.com)



https://www.ga.gov.au/data-pubs/data-and-publications-search/publications/critical-commodities-for-a-high-tech-world#:~:text=Critical%20commodities%20for%20a%20high-tech%20world:%201%201.1,Endowment%20and%20Potential%20David%20Huston,%20...%20More%20items
https://www.thoughtco.com/native-elements-list-606685
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https://www.ga.gov.au/data-pubs/data-and-publications-search/publications/critical-commodities-for-a-high-tech-world#:~:text=Critical%20commodities%20for%20a%20high-tech%20world:%201%201.1,Endowment%20and%20Potential%20David%20Huston,%20...%20More%20items

Minerals, metals and elements

Copper Gold

* Native copper (Cu) * Native gold (Au)
o Cha|copyrite (CU FeSZ)TESEP Min. Kit No. 82 « Calaverite (AUTEZ)



https://www.weinrichmineralsinc.com/userfiles/products/3/3/3331663.jpg
https://www.weinrichmineralsinc.com/userfiles/products/2/4/2431005.jpg
https://www.weinrichmineralsinc.com/userfiles/products/1/0/1095769.jpg
https://museum.wa.gov.au/sites/default/files/imagecache/wam_v2_article_full/collections/calaverite.jpg

What are the Rare Earth Elements (REE)?

The Lanthanides plus
Scandium and Yttrium

Not actually that rare in
the Earth’s crust

*  The scarcest REE (Lu)
is the 60th most
abundant element

°*  But not common to
find in volumes that

are economic to mine.
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Why are minerals, metals and elements important?

Their properties enable them to be used for different purposes ...

Copper (pipes, heating, wiring)

Soft but tough
Malleable and ductile

Conducts heat and electricity

Titanium (‘modern metal, pigment in
paint, suncream)

Lightweight, strong, rust-resistant, non-
toxic, high melting point

White and bright
Reflects UV light

Lithium (batteries, ceramics, glass)

* Reactive — easy to get current
flowing, so used as charge carrier

* Lightweight
*  Tough but soft

Neodymium (magnets, car batteries,
specialised glass, lasers, tanning)

* Powerful magnetic potential, less
material needed so able to
miniaturise electronic devices

*  Transmits UV rays, but not heating
infrared rays



https://www.ga.gov.au/scientific-topics/minerals/critical-minerals/critical-minerals-and-their-uses#heading-13
https://www.weinrichmineralsinc.com/userfiles/products/3/3/3331663.jpg
https://www.ga.gov.au/education/classroom-resources/minerals-energy/australian-mineral-facts/

Source: https://www.weinrichmineralsinc.com/
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Question: Which minerals do you think are critical - 2hh—

minerals? -




What are critical minerals?

Lots of definitions ...this is from Geoscience Australia:

“Critical minerals are both economically important and have a high risk of supply
disruption”.

“Four main issues:

1. Scarcity.

2. Diversity and suitability of supply.

3.  Production only as a by-product of other commodities.
4

Level of concentration from production or processing”.

Source: Geoscience Australia: Critical commodities for a high-tech world | Geoscience Australia (ga.gov.au)



https://www.ga.gov.au/data-pubs/data-and-publications-search/publications/critical-commodities-for-a-high-tech-world#:~:text=Critical%20commodities%20for%20a%20high-tech%20world:%201%201.1,Endowment%20and%20Potential%20David%20Huston,%20...%20More%20items

What are critical minerals?

Here’s another from the European Commission (EU) ...

Their 2010 report on Critical raw materials for the EU stated:

*  “araw material is labelled critical when the risks of supply shortage and their
impacts on the economy are higher than for most of the other raw materials”.



https://www.ga.gov.au/data-pubs/data-and-publications-search/publications/critical-commodities-for-a-high-tech-world#:~:text=Critical%20commodities%20for%20a%20high-tech%20world:%201%201.1,Endowment%20and%20Potential%20David%20Huston,%20...%20More%20items

What are critical minerals?

In plain language ...

* Acritical 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:
* Local mineral endowment or reliance on import (geopolitical issues)

* Economic importance
*  Mining, manufacturing and consumption.




Lots of jargon ...

Critical v strategic, tech v high-tech
* Critical is (broadly) consistently defined
* Strategic refers to a plan to source these materials

* Tech and high-tech mostly marketing terms ... lots of minerals are needed for
‘low’ technology and everyday uses too.

Raw materials v commodities
* Raw materials can be used to make or create something

*  Commodities are raw materials or primary products that can be bought or
sold

Source: Geoscience Australia: Critical commodities for a high-tech world | Geoscience Australia (ga.gov.au)



https://www.ga.gov.au/data-pubs/data-and-publications-search/publications/critical-commodities-for-a-high-tech-world#:~:text=Critical%20commodities%20for%20a%20high-tech%20world:%201%201.1,Endowment%20and%20Potential%20David%20Huston,%20...%20More%20items

Globally in terms of ‘criticality’

Low

Mercury

Thorium

Arsenic

Lead

Barium

Silver

HIR|S|I8(L|8|8

Cadmium

Aluminium

Rhenium

High Moderate
[T | Fare Earth Eloments | [ 18 Sefenium
2 Gallium 19 Titanium
3 | Indium 20 Strontium
4 | ‘Tungsten 21 Graphite
23 Germanium
> Niobium 24 Beryllium
(8 | Magnesium
9 | Molybdenum 26 Bismuth
10 Antimony 27 Fluorine
11 Lithium 28 Zinc
12 Vanadium
|18 [  Nickel |
14 Tantalum
15 Tellurium

Gold

Uranium

37
38
39
40
41

Diamond

42

Iron




Criticality in the European Union ...

Supply risk

High




In the USA (with import reliance

~ 11%  Al'oying agent in aerospace, defense Industries Tellurium 95%  Solar cells, thermcelectic devices
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Tranium 88%  //Mite pigment or metal alloys £ BELEFEGETE 100% Stee/making, botterles

94%  Medical atormic research Neodymium 10086 fiudber catalysts, medical, industriol lasers

W 13%  Fower Wnes, construchon, slectronics & 96%  ANoying agent for iran, steel
m 25%  High-temparatura ceramics preduction 100% Semconductors, lumber preservatizes, pesticides
40%  Cataiyticconverters 1008  Calalytic converters, ceramics, glass, netallucgy
m 50%  Hboroplics, mahtvision apphcations 1007 Hesearch, developrent
m 50%  EVrechoigeoble butteries 100% Data storuge devicss, lasers
50%  Corseats, lugoage, laptops m 10086 Foer optics, optica' amplifiers, lasars

4. m 50%  Srainless steel, recnargeable barteries & m 100% Fhosphors, nuclecr contrel rods

& 50%  /locr resistant metals 100%  Monufacture of cluminum, cement, steel, gosoline
75%  Hydrocorbon produchon m 100% Medicol imcging, stealmaking

& 75%  Stainless steel X 0 tesrated circuits LEDs

N 75%  Coarings, alioys for steel 100% Lubnicont, baranes

& 76%  Rechargeaidle batteries, superallcys 1008 Fermonent magnets, nuclear cortral iods

F 3 m 9%  Cataiytic converters m 100 Lquia crystal aisplay screens

S B1%  levd-acid batteries, fame returdards 100% Caolulysts, ceromics, glass, polishing compoumds

o _ B3%  Metallurgy tc produce galvanized steel 100% ScintiNatars for meaical imaging, cancer therapies
Tianium | | Manganese |
CEIC Neodymium

Source: The 50 Minerals Critical to US Security - Read-Roses



https://read-roses.com/the-50-minerals-critical-to-us-security/

Australia has identified 31 critical minerals

Since June 2023 ...

25. Silicon
26. High purity alumina

Since February 2024 ...

27. Nickel

28. Fluorine

29. Selenium

30. Molybdenum
31. Arsenic

1 Antimony ’ v v Moderate 138 kt 55kt 150 kt $185.2
2 Beryllium ’ v Moderate 230t ¢018.6"
3  Bismnuth ’ v Moderate - - 14 kt $69.2
4  Chromium v v High - - 3000kt 547053
S Cobalt ’ v v High 221 kt Skt 10 kt 45418
& Galium v« High - - 4951t $918.6"
7  Ge'manium ’ v v High . . 134t $918.6"
8 Craphite ’ v v Modarate N4LO ket 0 1200 kt 21,0761
9 Hafnium 7 High 756 kt - $918.6"
10  Helium ’ v Moderate - 4 hm? 160 hm? $591.0
N Incium v v _High - - 0.72 kt $918.6"
12  Lithium ’ v High 2803 kt 14.4 kt 43 kt $1430.6
13 Magnesium A Moderate - 0 1100 kt $716.4
14 Manganese ’ v High 231000 kt 3200 kt 16 000 kt $54437
15  Niobium ’ v High 216 kt - 64 kt  $1709.5¢
16 Plainum-group 7 v v High 249t 26t 200kt $193166
elenents
17 Rare-earth A A High 3270 kt 14 kt 130 kt $415.4"
elements
18 Rhenium ’ v Moderate - - 52 kt $918.6"
19  Scandium v v High - - B
20 Tantalum A A High 55.4 kt - 13kt $15529
21  Titanium ’ v High lirrenite: lImenite: limenite: $15099
276 500 kt 400 kt 6700 kt
Rutile: 32900 kt Rutile:300 kt  Rutile: 750 kt
22 Tungsten ’ v v Moderate 386 kt 0.1 kt 95 kt 2164.0
23 Vanadium v v Moderate 3965 kt 0 80kt  $1,7095%
24 Zirconium ’ v High 52562 kt 600 kt 1600 kt $1,003.4

Source: Australia's Critical Minerals Strategy 2019 (industry.gov.au)



https://www.industry.gov.au/sites/default/files/2019-03/australias-critical-minerals-strategy-2019.pdf

Australia has identified 26 critical minerals:
note copper isn’t one nationally ...
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Source: Geoscience Australia:


https://www.ga.gov.au/data-pubs/data-and-publications-search/publications/critical-commodities-for-a-high-tech-world#:~:text=Critical%20commodities%20for%20a%20high-tech%20world:%201%201.1,Endowment%20and%20Potential%20David%20Huston,%20...%20More%20items

... butitis critical in NSW
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https://www.nsw.gov.au/sites/default/files/2021-11/NSW%20Critical%20Minerals%20and%20High%20Tech%20Metals%20Strategy.pdf

... butitis critical in NSW. Why?

000 NEWS Mining giant Glencore seeks taxpayer bailout for
Mount Isa copper smelter

By Emily Cobson and Meghan Dansie

ABC North West Qld Mining and Metals Industry

Tue 8 Apr
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There are only two Australian copper smelters: Mount Isa in Queensland and Olympic Dam in SA
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https://www.abc.net.au/news/2025-04-08/glencore-copper-smelter-mount-isa-uncertain-future/105145134

What about ‘traditional’ minerals?

Still important and in use though:

Low
*  Currently less worry about supply
: 29 Mercury
* e.g.the known iron ore —e
resources in Australia will last -
for 175 ¢ N 31 Arsenic
or : years at curren 2 | Toad
production rates. 23 i
*  Transition from their use 34 Silver
 e.g. lead soldering is being 35 Cadmium
phased out due to health _
concerns — replaced by tin or 2t L UL
Jinc 38 Rhenium
39 Gold
Many are on GA’s ‘low criticality list’. 40 Uranium
41 Diamond
42 Iron




What about future critical minerals?

Australia’s strategic materials are:

« Aluminium (Al) not alumina (Al;,O3)

« Copper

«  Phosphorous
« Tin

« ZincC

Note: Fluorine was on the strategic materials list in 2023.
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Question: What are some industries using critical — TESEP

minerals? —




What are some industries using critical minerals?

TV ON e AT CRITICAL MINERALS ARE EVERYWHERE

MINERALS

. Litnium is
Telccommunications used to create

and clectronics batteries.

Energy o
Helium is usec "Egdr%UaTQ'SLFI_SUed
Defence 1IN MRIs. e

Potash is used
in fertil zer.

Strontium is
gsed iN
fireworks.

Uranium is used
In radiation
Transportation therapy.



https://www.wilsoncenter.org/sites/default/files/styles/og_image/public/media/uploads/images/000.png

Minerals through the ages of energy

Ages of Energy



https://smi.uq.edu.au/files/12622/AgesOfEnergy-Elements-widely-used-in-energy-pathways.png

What about ... ?

Year 10 (Biological Sciences)

Outlining processes involved in natural selection including variation, isolation and selection

nature

Explore content ~  About the journal v  Publish with us v Subscribe

rature > news > article

NEWS | 22 July 2024

Mystery oxygen source discovered |
on the sea floor — bewildering &
scientists N\

A chemical reaction could be producing oxygen by splitting water molecules, but its A polymetallic nodules (above) are formed by
saurce af energy remainsunknown. metals precipitating out of sea water, or formed
from diagenetic redox reactions in sediments, or
via hydrothermal circulation around mid-oceanic
sea vents. The nodules grow slowly over

By Davide Castelvecchi

w f millions of years and can range in size from
small nuggets to football sized boulders.



https://www.nature.com/articles/d41586-024-02393-7

Dark Oxygen ... a new origin of life?

Year 10 (Biological Sciences)

« Qutlining processes involved in natural selection including variation, isolation and selection

Takeaways:

+ Polymetallic nodules are found deep on the ocean floor (~5km), around the world, far from sunlight

- The nodules are made of copper, iron and critical minerals: manganese, nickel and cobalt

- These nodules act as “batteries” by splitting water into oxygen and hydrogen

- The only known source of oxygen in the absence of sunlight and photosynthesis, called Dark Oxygen

- The discovery “... requires us to rethink how the evolution of complex life on the planet might have originated”

- Nodules are at risk from deep sea mining because they contain critical minerals

« Published in Nature Geoscience

 Great description in The Conversation (March 2025)



https://www.theguardian.com/environment/article/2024/jul/22/dark-oxygen-in-depths-of-pacific-ocean-could-force-rethink-about-origins-of-life
https://www.nature.com/articles/s41561-024-01480-8
https://theconversation.com/my-team-discovered-dark-oxygen-on-the-seafloor-now-were-trying-to-understand-how-it-was-made-250445

Summary

Critical minerals are those where supply is low or threatened, and they are
important economically.

List varies across jurisdictions.

They are sometime referred to as critical or high-tech metals.

They are critical for high-tech applications and the transition to renewable
energy (plus more ...).




