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ULTRAMAFIC ROCKS

11 635 Gt CO2

(8.1%)

MAFIC ROCKS

132 721 Gt CO2

(91.9%)

Mineral carbonation occurs naturally, but slowly

There is a huge gap between greenhouse gas (GHG)
emission reductions required to meet climate mitigation

goals, and current global community commitments 

Mineral carbonation could potentially 
sequester gigatonnes of CO2

The deficit must be acquitted using large-scale 
GHG capture and storage

CO  2

2+ 2+ 2+reacts with Ca , Mg  or Fe  in silicate rocks, 
soils and industrial wastes, to produce carbonate  
minerals (e.g. calcite, magnesite, siderite) 

CSIRO and Edith Cowan University are testing relevant physical 
properties of potential bedrock resources

In situ

Ex situ

CO  and solid feedstocks are combined in artificial reactors 2

(processing plants, industrial waste piles, deep boreholes)

CO  is injected into favourable rocks at 2

elevated temperatures and pressures 

Industrial processing routes

Mafic and ultramafic rocks contain abundant minerals 
favourable for carbonation, e.g. olivine, pyroxene, talc, 
serpentine, amphibole (including asbestos)

Certain industrial wastes may also be 
favourable, e.g. mine tailings, ash from 
coal-fired power stations or waste 
incinerators, blast furnace slags, 
cement calcination residues

Rapid, large-scale CO  sequestration requires an industrial approach2

Western Australian mafic and ultramafic rocks 
could sequester trillions of tonnes of CO  2

The climate challenge What is mineral carbonation?

CO  2 is ‘permanently’ sequestered

2+(Ca, Mg, Fe) -silicate(s) + CO  + H O2 2

(Ca, Mg, Fe)-carbonate(s) + SiO (aq) + 2 heat

The carbonation challenge

Responses

200 km200 km

Vesicular basalt with dunite xenolith

Carbonate-filled fractures in the Samail Ophiolite 
(Credit: University of Colorado, Boulder)

Curtin University is developing a Mineral Carbonation Roadmap
(MRIWA Project M10462)

Source: figure 4.2 - UNEP Emissions Gap Report 2021

Source: figure TS.10 - IPCC Special Report on Carbon Capture and Storage

Tailings storage facility at the Mt Keith nickel mine, WA (Google Earth image)

Source: modified from figure 4 in Snæbjörnsdóttir et al., 2020

water

CO2
supercritical

(moist)CO2 

CO  dissolution and acidification2

CO (g) + H O = H CO  (aq)2 2 2 3
- +H CO  = HCO  + H2 3 3

- -2 +HCO  = CO  + H3 3

Mineral dissolution
+ 3+2+ 2+ 2+Basalt + H  = Mg  + Ca  + Fe  + Al  + SiO (aq)2

+ 2+Mg SiO  + 4H  = 2Mg  = 2H O + SiO (aq)2 24 2
+ 2+Fe SiO  + 4H  = 2Fe  + 2H O + SiO (aq)2 4 2 2

Carbonate precipitation
2-2+(Ca, Mg, Fe)  + CO = (Ca,Mg,Fe)CO3 3

Cap rock (flood basalt)

Mafic or ultramafic rock Mafic or ultramafic rock

(calcite, magnesite, dolomite,
ankerite, siderite...)

(calcite, magnesite, dolomite,
ankerite, siderite...)

dissolved CO2

(a) e.g. CarbFix (Iceland) (b) e.g. Wallula Basalt (US)

CSIRO’s CarbonLock program is researching technical and 
economic aspects on mineral carbonation

Ÿ Mismatched resources and infrastrucure

Ÿ Low values of CO  and carbonation products2

Ÿ Inadequately characterized feedstock resources (e.g. abundance, 
chemical and physical properties)

Mineral carbonation is technically feasible, but still economically 
challenged because of:

Ÿ Lagging government policy

Ÿ Contributing data and advice to third-party projects

Geological Survey of Western Australia is:
Ÿ Mapping relevant bedrock and mine waste resources

<1000 tonnes

6>10  tonnes

5 610  – 10  tonnes

4 510  – 10  tonnes

41000 – 10  tonnes

Site scope 1 CO e2
emissions (FY21)

Railway

Gas pipeline

Road

Infrastructure

Kwinana Cogeneration Plant - Kwinana Oil Refinery

Esperance (Nine Mile Beach Wind Farm)

Gascoyne Junction - Horizon Midwest

Yurralyi Maya (Karratha Seven Mile)

Mt Magnet - Horizon Midwest gas

Meekatharra - Horizon Midwest

Ravensthorpe processing plant

Sandstone - Horizon Midwest

Norseman - Horizon Midwest

Solomon Iron Ore Mine - gas

Greenough River Solar Farm

Cape Lambert (Pilbara Iron)

Laverton - Horizon Midwest

Menzies - Horizon Midwest

South Hedland (Transalta)

Paraburdoo (Pilbara Iron)

Pinjarra Alumina Refinery

Wiluna - Horizon Midwest

Rockingham - Millar Road

Bremer Bay wind turbine

Yalgoo - Horizon Midwest

Marble Bar diesel backup

Kalgoorlie Nickel Smelter
Badgingarra Wind Farm Badgingarra Solar Farm

Denham wind turbines

Warradarge Wind Farm

Emu Downs Wind Farm Emu Downs Solar Farm

Nova-Bollinger - diesel

Agnew gold mine - gas

Cue - Horizon Midwest

Kalgoorlie (Parkeston)

Savannah Nickel Mine

Telfer Gold Mine - gas

Walkaway Wind Farm

Collie (Bluewaters 2)

Collie (Bluewaters 1)

Mumbida Wind Farm

Merredin Solar Farm

Leinster Nickel Mine

Pilgangoora - diesel

Newman (Yarnima)

Granny Smith - gas

Kalbarri Wind Farm

Tropicana minesite

West Angelas Mine

Collgar Wind Farm

Yandin Wind Farm

Albany Wind Farm

Djarindjin - diesel

Hopetoun - diesel

Mount Keith - gas

Coral Bay - diesel

Nullagine - diesel

Fortnum - diesel

Denham - diesel

Ord River Hydro

Fitzroy Crossing

Kwinana Swift

Gruyere - gas

Onslow - gas

Port Hedland

Tamala Park

Garden Well

Mount Weld

Derby - gas

Bidyadanga

Kalamunda

Halls Creek

Beagle Bay

Kununurra

Carnarvon

Esperance

Ardyaloon

Kambalda

Kemerton

Neerabup

Mungarra

Cockburn

Wagerup

Exmouth

Karratha

Warmun

Leonora

Red Hill

Broome

Muja D

Pinjar

Western Australia is highly prospective

There are hundreds of tailings facilities 
that may contain reactive minerals 

Distribution of prospective bedrock and mine 
tailings with respect to transport infrastructure 
and sites emitting significant CO2

For more information, contact:
Trevor Beardsmore 

(trevor.beardsmore@dmirs.wa.gov.au)
Manager, New Energy Systems

Mafic igneous rocks

Predominant (>90%)

Dominant (50-90%)

Ultramafic igneous rocks

Predominant (>90%)

Dominant (50-90%)

Tailings storage facilities

Ni, V, or Cr ores

Au ores

Fe ores

Diamond ores

Bauxite ores

10 km


