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Summary 

This insight focuses on the poten-
tial benefits of Mineral Carbona-
tion as a CCUS tool for removing 
CO2 from the atmosphere.  

In recent years, the urgency of addressing climate change has highlighted the need for 

innovative solutions to reduce carbon emissions, with global temperatures predicted to 

increase by 1.5 degrees Celsius by 2050 (WMO, 2023). The mining industry in Australia is 

a significant contributor to greenhouse gas (GHG), increasing 115.6% since 1990 

(DCCEEW, 2022), and is estimated to be responsible for 4 to 7 % of global greenhouse 

emissions (Global Data, 2022).  

The potential of carbon storage via mineral carbonation (also known as carbon 

mineralisation) in mine waste and tailings is a compelling avenue for carbon mitigation, 

with 7 billion tonnes of mine tailings generated annually worldwide (Araujo, et al., 2022). 

Tailings are produced as a by-product of mineral processing activities and often contain 

elements that have the potential to react with carbon dioxide to form a new material. 

Harnessing this potential could lead to removing carbon dioxide from the atmosphere 

while repurposing otherwise unused material. 

This insight introduces the concepts of carbon storage through mineral carbonation and 

its potential to assist with reducing GHG emissions. 

What is Carbon Storage: 

Carbon storage, otherwise known as carbon capture, is a process of trapping carbon 

dioxide (CO₂) taken from the atmosphere from an industrial source point, transporting it, 

and processing it for use or storage (Figure 1) (Geoscience Australia, 2022). This process 

is called Carbon Capture, Use and Storage (CCUS), in which industries can reuse the 

carbon captured within an industrial setting, or Carbon Capture and Storage (CCS), where 

the carbon is captured and stored.  

Within mining, geological storage can be used to store carbon on-site through mineral 

carbonation.  

The Potential of Carbon Storage 
via Mineral Carbonation in 
Mine Waste. 

Figure 1. Steps of Carbon Capture. (Source: BE&R, 2022) 



What is Mineral Carbonation: 

Natural rock weathering occurs when carbon dioxide is 

captured from the atmosphere and reacts with certain 

minerals within rock formations to produce a new solid 

mineral called carbonates, which can permanently store 

carbon dioxide. 

This reaction requires alkaline rocks with specific mineral 

properties, which are highly reactive to CO₂. These rocks 

typically are mafic (high silica and lower magnesium) or ultra 

mafic rocks (high magnesium and lower silica) (Figure 2). 

They contain magnesium oxide or calcium oxide-bearing 

silicates. Ultramafic rocks are the better choice for mineral 

carbonation due to their higher magnesium component 

(Riedl, et al., 2023).  

The following reaction explains the mineral carbonation 

process (Molahid, et al., 2022):  

 

The most significant advantage of mineral carbonation is that the carbon cannot escape into the atmosphere 

afterwards, resulting in a permanent solution to carbon storage (CSIRO, 2023).  

Two processes of Mineral Carbonation can occur:  

In-situ – Refers to the process of mineral carbonation underground where CO₂ is injected into geological formations 

containing magnesium or calcium. The result is a natural mineral carbonation process over an extended period (CSIRO, 

2022a).  

Ex-situ – Refers to the processes at the earth's surface (CSIRO, 2022a). Rock is removed from underground and brought 

to the surface where it can react with the CO₂ in the atmosphere. As a result, ex-situ processes enable the develop-

ment of technologies to accelerate the natural processes that may already occur in mine tailings or mining waste.  

Mineral Carbonation within Mining: Australia has an abundance of different mines (Figure 3), each with different 

geology and mineral availabilities. For mineral carbonation 

to succeed, there must be an abundance of magnesium (Mg) 

in mining residues. Some rock formations such as 

Serpentine, Olivine, Orthopyroxene, Clinopyroxene and 

Amphibole have a high content of Mg, making them good 

candidates.  

Mineral carbonation is one option mining could consider to 

lock up CO₂ through CCUS. Ultra-mafic mine waste, such as 

waste rock and processing (tailings) waste, acts as a 

feedstock for the process. The advantage of using feedstocks 

like mine tailings is that grinding is not required, as it already 

has a higher surface area, providing a greater surface area 

for the reaction. 

Mineral Carbonation Methods: Two methods can achieve 

mineral carbonation: Direct or Indirect (Figure 4) (Baena-

Merona, et al., 2022). Direct mineral carbonation is a one-

step method, and indirect carbonation is a multiple-step 

method. Direct mineral carbonation may occur via a gas-

solid or aqueous process. Gas-solid carbonisation is where 

Figure 2. Difference between Mafic and Ultra-mafic rocks 
imagery. Source: (Geologyin, 2023) 

Figure 3 Major Mines and Mineral Deposits in Australia. 
Source: (Geoscience Australia, 2018) 



CO₂ is injected directly into the feedstock. Aqueous carbonation entails adding a water solution to achieve carbonation 

through dissolution and precipitation (Stokreef, et al., 2022). Indirect carbonation is where the divalent minerals are 

extracted and processed in such a way as to change their properties, which then react with the CO₂.  

Could your mine waste be suitable for CO₂ storage? 

Mineral carbonation requires multiple steps (Figure 

5) (CSIRO, 2023). The first step is to identify whether 

the mine has the potential for mineral carbonation 

because it is associated with the correct rock types 

(e.g., mafic or ultra-mafic). This information will be 

available via the mine geological database. Once the 

correct geology has been identified, steps can be 

taken to assess other factors associated with mineral 

carbonation. These include laboratory assessments, 

determining possible carbonation strategy, storage 

options, handling and transport.  

Australia's Roadmap for Mineral Carbonation 

CSIRO is producing a roadmap for Australia for 

Carbon Capture and Utilisation (CCU). This roadmap 

explores how Australia can upscale their use of CCU 

and identifies its future opportunities for the use of 

CO₂ (CSIRO, 2022b). This research will provide 

further insight into which rocks and minerals have 

the greatest mineral carbonation potential, identifying the most effective process, developing modelling for processes 

and assessing the risks involved in achieving mineral carbonation (CSIRO, 2023).  

Within Western Australia, Curtin University's School of Mines, in collaboration with the Minerals Research Institute and 

BHP, are currently leading the way in developing a State Government roadmap for integrated mineral carbonation 

(Curtin University, 2022).  

Challenges of carbon storage via mineral carbonation in mining 

The use of mineral carbonation in mining is in its infancy, with technologies that help accelerate the mineral 

carbonation processes being trailed but not yet commercially available (Kalbani, et al., 2023; Kelemen, et al., 2019). 

Also of note is that the legislation associated with this activity is still being developed. In February 2023, the WA 

Figure 4. Different types of mineral carbonation processes are possible. Source: (Baena-Merona, et al., 2022) 

Figure 5. Steps for a mine to consider for a successful process. 
Source: (Mervine, et al., 2018) 



government released a draft Bill (The Petroleum Legislation Amendment Bill (B) 2023) (DMIRS, 2023) for Western 

Australia's road to Net Zero, designed to have new greenhouse storage and transport provisions. The new bill seeks to 

introduce legislation for greenhouse gas capture similar to the Commonwealth's Offshore Petroleum and Greenhouse 

Storages Act 2006. 

Why should mining companies consider carbon storage via mineral carbonation? 
There is value in considering mineral carbonation; some of these include:  

• CCUS is a crucial feature of Australia's technology investment roadmap to reduce emissions, and specific funding is 
currently being allocated towards research and development (Kalbani, et al., 2023).  

• Ex-situ mineral carbonation in Australia presents an economic advantage, with many mines already producing the 
materials needed. 

• Legislation changes are ongoing to outline the greenhouse gas emissions targets, provision and storage. 
Understanding these legal changes is essential to ensure businesses comply with Australia's national and state 
laws.  

• Assessment of each mine's geological data can prepare you for the next steps in anticipation of the new 
technologies and methods being released.  

• Getting ahead within individual mines will allow mines to be a part of an increasingly growing industrial practice.  

• The future of mineral carbonation could include Carbon Credits (Carbon Credits, 2022), a system designed to 
incentivize companies to reduce their carbon emissions. This framework will open doors to attract more market 
investors and boost CCUS research. 

Integrate Sustainability Pty Ltd is striving to stay updated on the new research, laws and technologies within the area 

of mineral carbonation and the future developments of CCUS. If your company wants to explore potential site eligibility 

and options for mineral carbonation, call us on 08 9468 0338 or email us at enquiries@integratesustainability.com.au.  
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