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Abstract
Carbon mineralization, the sequestration of carbon within minerals, presents one method through 

which we could control rising levels of anthropogenic carbon dioxide (CO2) emissions. The mineral 
wastes produced by some ultramafic-hosted mines have the ability to sequester atmospheric CO2 via pas-
sive carbonation reactions. Carbon accounting in mine tailings is typically performed using laboratory-
based quantitative X-ray diffraction (XRD) or thermogravimetric methods, which are used to measure 
the abundances of carbonate-bearing minerals such as hydromagnesite [Mg5(CO3)4(OH)2∙4H2O] and 
pyroaurite [Mg6Fe2

3+(CO3)(OH)16∙4H2O]. The recent development of portable XRD instruments now 
allows for the characterization and quantification of minerals in the field. Here we assess the feasibility 
of using a portable XRD instrument for field-based carbon accounting in tailings from the Woodsreef 
Chrysotile Mine, New South Wales, Australia. Modal mineralogy was obtained by Rietveld refinements 
of data collected with an inXitu Terra portable XRD. The Partial Or No Known Crystal Structures 
(PONKCS) method was used to account for turbostratic stacking disorder in serpentine minerals, which 
are the dominant phases in tailings from Woodsreef. Weighed mixtures of synthetic tailings were made 
to evaluate the precision and accuracy of quantitative phase analysis using the portable instrument. An 
average absolute deviation (bias) of 8.2 wt% from the actual composition of the synthetic tailings was 
found using the portable instrument. This is comparable to the bias obtained using a laboratory-based 
diffractometer (9.6 wt% absolute) and to the results from previous quantitative XRD studies involv-
ing serpentine minerals. The methodology developed using the synthetic tailings was then applied to 
natural tailings samples from Woodsreef. Surface crusts forming on the tailings pile were found to 
contain hydromagnesite (~5.8 wt%) and pyroaurite (~2.1 wt%). Comparable results were obtained using 
the laboratory-based instrument and these results are expected to have similar biases to the analyses 
of the synthetic tailings. These findings demonstrate that portable XRD instruments may be used for 
field-based measurement of carbon sequestration in minerals in engineered and natural environments.
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Introduction
Carbon dioxide (CO2) sequestration strategies seek to miti-

gate the adverse impacts of anthropogenic climate change by 
preventing release of this greenhouse gas to the atmosphere or 
by capturing it directly from the air (IPCC 2013, 2014). Carbon 
mineralization is one approach to CO2 sequestration whereby CO2 
is trapped and stored within the crystal structures of carbonate 
minerals over geologic timescales (Kump et al. 2000; Lackner 
2003; Lackner et al. 1995; Matter et al. 2016; Seifritz 1990). 
These carbonate minerals are formed through the reaction of 
aqueous carbonate anions with divalent metal cations, typically 
Mg2+ and Ca2+, which are released during weathering of silicate 
and hydroxide minerals. Such weathering reactions occur natu-
rally where Mg- and Ca-rich mafic and ultramafic rocks, are 
exposed to the atmosphere (Lackner 2002; Oelkers et al. 2008; 
Power et al. 2013).

Engineered landscapes such as the tailings storage facilities 
associated with ultramafic-hosted mines provide a suitable loca-
tion for rapid carbon mineralization (Wilson et al. 2006). This 
is because mineral processing drastically reduces grain size and 
increases the surface area available for carbonation reactions 
within the tailings (Wilson et al. 2009a). Previous studies have 
detailed the carbonation of ultramafic mineral wastes at mines 
in Canada, Australia, and Norway. These include the Diavik 
Diamond Mine (Wilson et al. 2009b), Clinton Creek Chrysotile 
Mine (McCutcheon et al. 2015; Wilson et al. 2009a), Cassiar 
Chrysotile Mine (Wilson et al. 2009a), Turnagain Nickel Project 
(Hitch et al. 2010), and Black Lake Mine in Canada (Assima et 
al. 2012; Lechat et al. 2016; Pronost et al. 2012). Localities out-
side of Canada include mine sites within the Feragen ultramafic 
body in Norway (Beinlich and Austrheim 2012) as well as the 
Mount Keith Nickel Mine (Bea et al. 2012; Harrison et al. 2013; 
Wilson et al. 2014) and Woodsreef Chrysotile Mine, in Australia 
(McCutcheon et al. 2016; Oskierski et al. 2013a, 2013b).

The Woodsreef chrysotile deposit is located in New South 

American Mineralogist, Volume 102, pages 1302–1310, 2017

0003-004X/17/0006–1302$05.00/DOI: http://dx.doi.org/10.2138/am-2017-5953      1302 

* E-mail: connor.turvey@monash.edu




