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Abstract
A growing number of countries are committed to reduce their carbon emissions and are transitioning towards renewable and clean energy
sources, leading to an increase in demand for metals and minerals. This is especially the case for a short list of what are called “critical
minerals” which are considered essential to economic development, including the transition to a low-carbon economy and national security.
The reliability of their supply chain raises concerns considering geological scarcity, difficulty to extract and/or political factors influencing their
availability. At the same time, public awareness and perception of geoscience are eroding and there is more and more reluctance towards
mining projects, even from traditionally favourable communities. To face this challenge, promote public interest and outline the contribution
of geological science to society, geoscientists of the Geological Survey of Canada (GSC-Québec) have designed and put together a portable
display that includes a suite of mineral and metal samples considered critical for the sustainable success of Canada’s transition towards a
clean and digital economy. The display is a user-friendly toolkit that can be used by any GSC geoscientists during outreach activities, in
classrooms as well as during public open houses. It comes with straightforward pedagogic material and content, along with presentation
scenarios. To broaden and adapt the workshops to specific expectations, additional toolkits were developed and all are contained within easy
to carry travel cases. These cover a variety of topics and can be presented as stand-alone displays or be used complementary to one another.
For example, the “Mines and minerals” collection may serve as a supplement to the “Critical minerals” display to present everyday objects in
which minerals are used as well as ore samples from active mines to illustrate the intertwining between mining activities and our everyday
lives. Another display covers the ever-popular fossils thematic with the “Sedimentary rocks and fossils” collection and gives an opportunity to
address key geoscience themes such as life evolution and biological crisis along with groundwater reservoirs and resources. The “Magmatic
rocks” display touches on the formation of rocks from magmas, the different types and active processes of volcanoes, and discusses the risks
and benefits related to volcanic activity. Hopefully, these four ready-to-use portable displays will encourage more GSC geoscientists to engage
in public oriented activities to make geosciences more accessible, change perceptions and offer an overall tangible scientific experience for
people.
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To reach a net-zero emission objective, federal and provincial governments have launched various programs and incentives
to facilitate the energy transition from fossil fuel towards renewable energies and clean technologies. But this transition to 
a low-carbone economy will ultimately rely on natural resources.  

For example, wind turbines harness energy from the wind, a clean and renewable energy source, buy using mechanical 
power to create and store electricity, a process that relies heavily on mineral resources. Much like the manufacturing of 
electric vehicles that require the input of specific metals and elements.



5

© His Majesty the King in Right of Canada, as represented by the Minister of Natural Resources, 2022

Electric vehicles typically require six times the 
mineral inputs (Cu, Li, Ni, Mn, Co, graphite) of 
conventional light vehicles 

– The Role of Critical Minerals in Clean Energy Transitions. International Energy 
Agency (2021)

Most low-carbon-emission technologies require more raw materials than traditionnal technologies. Resulting
in an increase in mineral resources intake. 

The same IEA 2021 report also stated that, in order to reach net zero by 2050, the world’s production of 
critical minerals and metals would also need to be multiplied by a factor of six.
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Considering their vital role in the energy transition, the 
Governement of Canada, with the help of the provinces and 
territories, compiled a list of 31 critical minerals/elements. The 
factors considered were:

 Critical minerals are essential to economic development, 
including the transition to a low-carbon economy and 
national security. 

 The reliability of their supply chain raises concerns 
considering geological scarcity, difficulty to extract and/or 
political factors influencing their availability. 

 Canada is a recognized leading mining nation: 

 Key global producer for copper, nickel, cobalt, and 
others;

 Advanced mineral projects for rare earth elements, 
lithium, graphite and vanadium. 

Source: Minerals and Metals Facts (nrcan.gc.ca)
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Rare earth elements

 Rare earth elements (REE) are a series of 
chemical elements found in the earth’s crust. 
They are subdivided in light (LREE) and heavy
(HREE) rare earth elements, mainly based
upon their atomic weights.

 While REE aren’t rare, ore bodies containing
sufficient concentrations to make processing
economically viable are exceedingly rare

 Extensive processing is required to separate
rare earth elements from mined ore

Let's have a closer look at a group of elements
considered as ''critical'', namely the REE. As
geoscientists we tend to forget that not everyone is
familar with the REE designation, as recently pointed
out in an outreach activity with post-secondary
science students...

LREE HREE
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Rare earth elements uses, 2020

Permanent magnets are used in wind 
turbines, motors, cars, hard drives, 
generators, televisions, phones, 
headphones, speakers, transducers, 
sensors, etc.

Rare earth elements – uses 

Source: Minerals and Metals Facts (nrcan.gc.ca)

LREE HREE
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Ranking Country Thousand 
tonnes

Percentage 
of total

1 China 140.0 57.5%

2 United States 38.0 15.6%

3 Burma 
(Myanmar)

30.0 12.3%

4 Australia 17.0 7.0%

5 Madagascar 8.0 3.3%

- Other countries 10.3 4.2%

- Total 243.3 100.0%

World production of REE, by country, 2020 (p)
World REE production, 2011–2019 (p)

Rare earth elements – supply chain

Source: Minerals and Metals Facts (nrcan.gc.ca)
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Rare earth elements – Canadian projects
The Nechalado mine, located in the 
NWT, opened in June 2021 and is the 
first and only REE producing mine in 
Canada, and only the second in North 
America. Resources are estimated at 
94.7 Mt at 1.46% TREO (total rare 
earth oxides).

The ore mainly contains LREE and, at a 
concentration of 2.2% NdPr, is one of 
the highest grade REE deposits in the 
world.

Around 80% of the workforce comes
from local native communities. 

Sources:
https://vitalmetals.com.au/
https://www.aptnnews.ca/

Source: Minerals and Metals Facts (nrcan.gc.ca)
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“If you can't grow it, you have to mine it” 
– Anonymous 

… and try to recycle it! 
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Rare earth elements – Minerals

Bastnaesite

Source: https://vitalmetals.com.au/

Eudialyte

To obtain REEs concentrate that can be incorporated
into permanent magnets, then into manufactured
goods, they have to be extracted through mining
operations.

Example of bastnaesite, a fluoro-carbonate (CO3F) that
contains LREE. It is the main ore at the Nechalado mine.

Eudialyte, from the Kipawa advanced exploration 
project in Quebec, is a cyclosilicate enriched in HREE, Y 
and Zr.

As illustrated in this graphic, society’s mineral requirements
steadily increased over the past centuries with evolving
technologies. An increasing variety and quantity of metals
and elements is now required to support broaden
technology access and overall population growth.
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“Critical Minerals” Case
In an effort to promote public interest and outline the contribution of geological 
science to society, we assembled a « Critical Mineral » educational case. 

It is a user-friendly toolkit 
containing a collection of 16 
samples that include critical 
minerals and/or metals (elements). 
This helps to create a tangible link 
between the critical minerals, their 
mineral hosts and ultimately the 
geological environments from 
which they have to be extracted to 
feed the manufacturing chain and 
end-up in our electronic devices, 
electric cars or as energy producing 
technologies (e.g. wind turbine, 
solar panels).



14

© His Majesty the King in Right of Canada, as represented by the Minister of Natural Resources, 2022

“Critical Minerals” Case – User guide 
The samples are contained in a sturdy case that’s easy to handle,
transport and store.

There is also a « user guide » that accompanies the sample collection. 
It contains a sample inventory and biligual identification cards with
mineral names and chemical formulae highlighting the « criticial
element » within the minerals. The guide, available in both English and 
French, also gives a general overview of what are critical minerals. 

Bécu et al., GIP 144e Bécu et al., GIP 144f
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“Critical Minerals” Case – User guide
A detailed table of content is included in the guide.

Each individual mineral have its own description page that provides
information about the mineral and the critical metal/element it 
contains. Following paragraphs mention the general applications in 
modern technology and give insights about the geological 
environments in which these minerals can be found.

(Bécu et al., GIP 144e)
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“Critical Minerals” Case – User guide 

The mineral description 
sheets also contain a few 
interesting facts, for example, 
that graphite and diamonds 
are both polymorphs of 
carbon, i.e. they are both 
exclusively composed of 
carbon atoms but have 
different crystal structures 
and properties because 
formed under distinct 
pressure and temperature 
conditions. 

(Bécu et al., GIP 144e)
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Educational Case Project – User-friendly toolkits for geoscientists

 Aims to provide user-friendly toolkits for GSC 
geoscientitsts, to use for outreach activities

 Educational content (User guide)

 Ready-to-use facilitation scenarios (PowerPoint 
presentations, semi-directed activities, supplementary 
resources and “Did you know?” fun facts)

This initiative received a grant from the Canadian 
Geological Foundation plus support from the GSC-Québec’s
office and the Canadian museum of Nature.
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Educational Case Project – User-friendly toolkits for geoscientists
Additional toolkits were developed, and all are contained 
within easy-to-carry travel cases. These cover a variety of 
topics and can be presented as stand-alone displays or be 
used complementary to one another:

 “Mines and Minerals”
 “ Minerals in eveday objects ”
 Ore and mines
 Physical properties of minerals activities
 Supplementary resources (critical minerals, industry

challenges and innovations, analytical techniques)

 “Sedimentary rocks and fossils”
 Sedimentary rocks (hydrocarbons, caves and karsts)
 Fossils (mass extinctions, origins of life of Earth)

 “Magmatic rocks”
 Extrusive vs intrusive rocks (volcanic vs plutonic)
 Volcanoes
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The National Geological Surveys Committee (NGSC), which regroups Canada’s 13 geological survey organizations, recently
launched the Pan-Canadian Geoscience Strategy (PGS), that provides a framework for collaboration and coordination on
shared geoscience priorities including two people-focused areas. These can be address by GSC scientists engaging in more
public oriented activities with the help of the user-friendly toolkits for geoscientists presented here.

Provide geoscience information 
that underpins the responsible 
development of Canada’s 
geological resources and serves 
the public good

LONG-TERM VISION:

MISSION STATEMENTS SUPPORT:
Competitiveness Land use decisions

Public safety Inclusivity

PRIORITY AREAS FOR COLLABORATIVE NATIONAL ACTION:

Advancing
FRAMEWORK 
GEOSCIENCE

Advancing
ENERGY & 
MINERAL 

POTENTIAL 
MODELLING

Facilitating
ACCESS TO 

ONLINE DATA

Supporting 
the training of

NEXT 
GENERATION 

GEOSCIENTISTS

Enhancing 
PUBLIC 

LITERACY IN 
GEOSCIENCE

Technical-Focused Priority Areas People-Focused Priority Areas
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Supporting the training of
NEXT GENERATION GEOSCIENTISTS

Enhancing 
PUBLIC LITERACY IN GEOSCIENCE

PGS People-focused priority areas for collaboration

Purpose:
Play an active role in attracting and training newcomers to 
geoscience in Canada

Problematique:

Availability of personnel; requirements for next-gen skillsets

Potential early actions:
Compile a list of hands-on training best practices
Leverage ongoing work under the CMMP regarding local 
procurement (particularly Indigenous procurement) to inform hiring 
practices 
Develop an online national repository of geoscience training 
opportunities 

Purpose:
Public awareness/trust of geoscience

Problematique:
Misinformation/misunderstanding

Potential early actions:
Build partnerships with existing science outreach organizations 
Continue to develop plain-language materials about geoscience 
projects 

To learn more, visit the website
www.geologicalsurveys.ca | 

www.commissionsgeologiques.ca
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Thank you!
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