
Unlocking Future Energy: How Volcanoes Point to Mineral Riches

Description

Approximately 400 kilometers northwest of Sydney, just south of Dubbo, one can find the Toongi deposit—a
significant geological formation that dates back around 215 million years, resulting from ancient volcanic
eruptions. This site is notably abundant in rare earth elements, comprising a group of 16 metallic elements
that are crucial for contemporary technologies, ranging from electric vehicles to solar panels and mobile
devices.

As efforts escalate to extract resources from this deposit, projections indicate that the demand for rare
earths will reach unprecedented levels in the coming decades, presenting significant economic
opportunities and challenges.

To enhance our understanding of these deposits, it is essential to investigate their formation processes. Our
recent research concerning Australian volcanism, published in Nature Communications Earth and 
Environment, reveals how minute crystals formed within these volcanoes provide valuable insights into the
genesis of rare earth deposits and guide our search for additional sources.

The Genesis of Rare Earths and Mantle Melting
The formation of rare earth element deposits originates from the partial melting of Earth’s mantle, a layer
rich in iron and magnesium-bearing minerals that also contain trace amounts of rare earth elements. During
the melting process, these elements readily transfer into the magma. Notably, the extent of melting
influences the concentration of rare earth elements within the magma, a significant factor in their eventual
accumulation.

As the magma ascends towards the Earth’s surface, it cools, and various minerals predominantly composed
of oxygen, silicon, calcium, aluminum, magnesium, and iron begin to crystallize, resulting in a concentration
of rare earth elements in the residual magma.

Geological Significance: From Greenland to New South Wales
In instances where magma solidifies within the crust, it can yield rocks enriched with critical metals, as
exemplified by the Gardar Igneous Complex in Southern Greenland, which hosts multiple rare earth
deposits. Conversely, in central New South Wales, magmas associated with rare earth elements erupted to
the surface, collectively classified as the Benolong Volcanic Suite.
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The Toongi deposit, formed millions of years ago. (ASM)

Central to this suite is the Toongi deposit, a remnant of an ancient volcanic plumbing system, comprising a
"congealed" intrusion rich in critical metals. Given the rarity of magmas enriched in rare earth elements,
very few sites globally are deemed viable for mining, emphasizing the importance of further research into
the processes surrounding their formation.

Crystallography and Volcanic Insights
The mechanisms that transpire within a magma as it ascends from deep within the Earth reveal essential
clues about volcanic activity, particularly through the analysis of crystalline structures. The mineral
clinopyroxene serves as a remarkable record keeper of these processes, effectively documenting the
conditions under which it crystallized.

In our research, we identified clinopyroxene crystals across various rocks in the Benolong Volcanic Suite,
contrasting the composition of the mineralized Toongi intrusion with that of other rocks lacking rare earth
enrichment. Our findings indicate two significant differences in composition, pointing to critical insights
about the crystallization processes occurring within the Toongi deposit.

Our analysis revealed that clinopyroxene crystals from Toongi exhibit distinct characteristics, such as an
hourglass-like internal structure indicative of rapid crystallization likely triggered by gas release. Conversely,
non-mineralized samples showed no such signs of rapid formation.

This research enhances our understanding of how rare earth deposits form and guides us in identifying
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other volcanic systems that may harbor these vital resources, contributing to the global search for critical
metals necessary for sustainable energy technologies.

Brenainn Simpson, PhD Candidate, The University of Queensland; Carl Spandler, Associate Professor, 
University of Adelaide, and Teresa Ubide, ARC Future Fellow and Associate Professor in Igneous 
Petrology/Volcanology, The University of Queensland

This article is republished from The Conversation under a Creative Commons license. Read the 
original article.

Vocabulary List:

1. Significant /sɪɡˈnɪfɪkənt/ (adjective): Important or meaningful; having a major impact or effect.
2. Projections /prəˈdʒɛkʃənz/ (noun): Estimates or forecasts of future events or trends.
3. Enriched /ɪnˈrɪtʃt/ (verb): To enhance the quality or value of something by adding a substance.
4. Concentration /ˌkɒn.sənˈtreɪ.ʃən/ (noun): The amount of a substance in a given volume; a high density or 

gathering of elements.
5. Magma /ˈmæɡ.mə/ (noun): Molten rock beneath the Earth’s surface which can solidify to form igneous rock.
6. Crystallization /ˌkrɪs.tə.lɪˈzeɪ.ʃən/ (noun): The process by which a substance forms solid crystals from a liquid or 

gas.

Comprehension Questions

Multiple Choice

1. Where is the Toongi deposit located? 
    Option: Northwest of Sydney
    Option: South of Dubbo
    Option: Northeast of Brisbane
    Option: West of Melbourne

2. What geological formation is the Toongi deposit? 
    Option: Sedimentary rock
    Option: Volcanic formation
    Option: Metamorphic rock
    Option: Alluvial deposit
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3. How old is the Toongi deposit believed to be? 
    Option: 50 million years
    Option: 215 million years
    Option: 500 million years
    Option: 1 billion years

4. What essential technology components are rare earth elements used in? 
    Option: Telecommunication devices
    Option: Medical equipment
    Option: Nuclear reactors
    Option: Electric vehicles

5. What publication featured recent research on Australian volcanism? 
    Option: Science
    Option: Nature Communications Earth and Environment
    Option: Journal of Geology
    Option: National Geographic

6. What characteristic was observed in clinopyroxene crystals from the Toongi deposit? 
    Option: Star-shaped patterns
    Option: Hourglass-like internal structure
    Option: Hexagonal symmetry
    Option: Layered composition

True-False

7. Rare earth elements are only used in industrial applications. 

8. The Toongi deposit is part of the Benolong Volcanic Suite. 

9. The formation of rare earth deposits originates from the melting of Earth’s core. 

10. The Gardar Igneous Complex is located in central New South Wales. 

11. The Toongi deposit is a remnant of an ancient volcanic plumbing system. 

12. Clinopyroxene crystals from Toongi showed signs of slow crystallization. 
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Gap-Fill

13. According to the text, the Toongi deposit is abundant in rare earth elements, which are crucial for 

contemporary technologies like electric vehicles and solar panels. In which publication was this information 

cited? It was published in . 

14. In the formation of rare earth element deposits, the concentration of these elements within the magma 

is influenced by the extent of . 

15. The Toongi deposit is a significant geological formation that dates back approximately 

 million years. 

16. Rocks enriched with critical metals can result from magma solidification within the 

. 

17. The analysis of clinopyroxene crystals in the Benolong Volcanic Suite provided critical insights into the 

 processes occurring within the Toongi deposit. 

18. The research discussed in the text enhances our understanding of how rare earth deposits form and 

guides the identification of other volcanic systems that may harbor these vital resources, contributing to the 

global search for critical metals necessary for sustainable  technologies. 

Answer
Multiple Choice: 1. South of Dubbo 2. Volcanic formation 3. 215 million years 4. Electric vehicles
5. Nature Communications Earth and Environment 6. Hourglass-like internal structure
True-False: 7. False 8. True 9. False 10. False 11. True 12. False
Gap-Fill: 13. Nature Communications Earth and Environment 14. melting 15. 215 16. crust 17. crystallization
18. energy

Vocabulary quizzes
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Multiple Choice  ( Select the Correct answer for each question. ) 

1. What is the primary goal of mitigation in disaster management? 
    Option: A. Increase the damage
    Option: B. Reduce the impact
    Option: C. Delay the response
    Option: D. Intensify the situation

2. Which type of white blood cells are the most abundant in the human body? 
    Option: A. Monocytes
    Option: B. Lymphocytes
    Option: C. Basophils
    Option: D. Neutrophils

3. What is a common symptom of Parkinson's disease? 
    Option: A. Fever
    Option: B. Tremor
    Option: C. Rash
    Option: D. Headache

4. Which term best describes a natural disaster with severe consequences? 
    Option: A. Mild
    Option: B. Catastrophic
    Option: C. Average
    Option: D. Insignificant

5. Which term is used to describe something that introduces new ideas or methods? 
    Option: A. Traditional
    Option: B. Innovative
    Option: C. Conventional
    Option: D. Outdated

6. What does it mean to scrutinize something? 
    Option: A. Ignore
    Option: B. Examine closely
    Option: C. Jump to conclusions
    Option: D. Disregard

7. Which term refers to the mental action or process of acquiring knowledge and understanding? 
    Option: A. Perception
    Option: B. Cognition
    Option: C. Emotion
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    Option: D. Intuition

8. What is the molten rock material beneath the Earth's surface called? 
    Option: A. Lava
    Option: B. Granite
    Option: C. Magma
    Option: D. Sediment

9. If a soil is said to be enriched what does it contain in higher amounts? 
    Option: A. Nutrients
    Option: B. Toxins
    Option: C. Water
    Option: D. Sand

10. What term is used to describe estimates or forecasts of future events? 
    Option: A. Reflections
    Option: B. Projections
    Option: C. Memories
    Option: D. Revisions

Gap-Fill  ( Fill in the blanks with the correct word from the vocabulary list. ) 

11.  is the body's response to injury or infection often characterized by redness 

swelling heat and pain. 

12.  of cells can result in altered behavior or function. 

13.  waves are vibrations caused by earthquakes. 

14. The sound of gentle waves and the sight of a peaceful landscape can evoke a sense of 

. 

15. Being able to  potential risks can help in developing effective risk management 

strategies. 

16. Each artist has unique  that can be identified in their works. 

17. The  of a situation can change rapidly requiring adaptability. 
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18. Stock prices are subject to  in response to market conditions. 

19. His  love for music has been evident since childhood. 

20. Maintaining  during exams is crucial for good performance. 

Matching Sentences  ( Match each definition to the correct word from the vocabulary list. ) 

21. During a hurricane residents may need to leave their homes and move to safer locations.

22. Feeling nervous or fearful about an upcoming test is common among students.

23. The robot functions without direct human control.

24. The ability to accept differences in opinions and beliefs is a sign of maturity.

25. Combining information from various sources is essential for effective decision-making.

26. After the company's losses a change in strategy led to a remarkable turnaround in profits.

27. A individual can accurately judge the quality of products or services.

28. The study of galaxies stars and other celestial bodies falls within the realm of science.

29. The process of water turning into ice is an example of

30. These white blood cells are the first responders to sites of infection or injury.

Answer
Multiple Choice: 1. B. Reduce the impact 2. D. Neutrophils 3. B. Tremor 4. B. Catastrophic 5. B. Innovative
6. B. Examine closely 7. B. Cognition 8. C. Magma 9. A. Nutrients 10. B. Projections
Gap-Fill: 11. Inflammation 12. Reprogramming 13. Seismic 14. Tranquility 15. Anticipate 16. Signatures
17. Dynamics 18. Fluctuations 19. Enduring 20. Concentration
Matching sentence: 1. Evacuate 2. Apprehensive 3. Autonomously 4. Tolerance 5. Synthesizing 6. Reversal
7. Discerning 8. Cosmic 9. Crystallization 10. Neutrophils
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