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ABSTRACT

Quantitative phase analysis (QPA) using the Rietveld method and X-ray diffraction (XRD) patterns
is useful for predicting the reactivity of a rock to carbon dioxide (CO2) and for quantifying mineral
carbonation. Lizardite and smectites in kimberlite are reactive to CO2, but they are structurally disor-
dered and cannot be quantified using the standard Rietveld approach. In this study, the Partial Or No
Known Crystal Structure (PONKCS) method was used to model the peak profiles of smectite and lizar-
dite to account for turbostratic stacking disorder in synthetic samples of processed kimberlite. Lizardite
and montmorillonite PONKCS models were made using XRD patterns collected with three X-ray dif-
fractometers: two XRDs from the same manufacturer and of similar model (XRDs B1 and B2) and
another XRD from a different manufacturer (XRDA1). Five synthetic samples of processed kimberlite
of known compositions were prepared and used to test the results of these PONKCS models for data
collected using all three instruments. The results provide a total bias ranging from 4.8–14.1 wt% using
correctly calibrated, instrument-specific PONKCS models. We also tested the sensitivity of the
PONKCS method to changes in instrument geometry: PONKCS models calibrated for one instrument
(XRD B1) were used in refinements with XRD data collected on an instrument made by a different
manufacturer (XRD A1), or on a similar instrument made by the same company but having a slightly
different geometry (XRD B2). Results were highly inaccurate when PONKCS models calibrated to
XRD B1 were used with patterns collected on XRD A1 (32.1–71.6 wt% total bias for our weighed
mixtures). Our results show that the smaller differences in instrument parameters between XRD B1
and XRD B2 can also lead to inconsistent and less accurate QPA results using PONKCS (9.8–
32.7 wt% total bias). Therefore, correct calibration of PONKCS models to a specific XRD instrument
is required for accurate QPA and quantification of CO2 mineralization in clay-rich rocks.
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INTRODUCTION

Global average surface temperature has increased by∼1.07 °C
since 1850, primarily as a result of anthropogenic carbon dioxide
(CO2) emissions, which are causing long-term changes to Earth’s
climate (IPCC 2022). Decarbonization of global energy produc-
tion, capture and storage of industrial CO2 and methane emis-
sions, and direct removal of CO2 from the atmosphere are
required to stabilize the climate (IPCC 2018). Carbon mineraliza-
tion is one approach to Carbon Dioxide Removal (CDR) that
safely stores CO2 over geologic timescales (e.g., Seifritz 1990;
Lackner et al. 1995; Lackner 2003; Power et al. 2013). Carbon
mineralization is a natural process that involves dissolution of
CO2 gas to form aqueousHCO−

3 andCO
2−
3 that react with divalent

metal cations, typically Mg2� and Ca2�, to precipitate carbonate
minerals (e.g., Lackner et al. 1995; Power et al. 2013). Minerali-
zation of CO2 is thermodynamically favorable and occurs spon-
taneously during the weathering of mafic and ultramafic rocks,
which contain Mg- and Ca-rich silicate and hydroxide minerals
(Power et al. 2013).

Ultramafic mine tailings have been studied in detail as feed-
stocks for carbon mineralization (e.g., Wilson et al. 2006, 2009a,
2009b, 2010, 2014; Pronost et al. 2011; Bobicki et al. 2012; Lechat
et al. 2016; Turvey et al. 2017, 2018a; Hamilton et al. 2018, 2020;
Mervine et al. 2018; Power et al. 2021). Mine tailings have high
reactive surface area due to ore processing, which makes them
more reactive to atmospheric CO2 than unpulverized rock (Wilson
et al. 2009a). For instance, complete carbonation of the ∼0.11
−0.28 Mt/year of brucite [Mg(OH)2] produced in tailings at the
Mount Keith nickel mine, Western Australia, would sequester
∼81–210 kt CO2/year and offset ∼22−57% of the operation’s
CO2 equivalent (CO2e) emissions (Harrison et al. 2013). An aver-
age annual sequestration of 270–300 t ofmodern atmosphericCO2

has been measured in kimberlite mine residues at the Diavik dia-
mond mine, Northwest Territories, Canada (Wilson et al. 2011).
Passive weathering of silicate minerals in processed kimberlite
at Diavik provides a ∼0.2% offset of the mine’s annual emissions
of 162 000 t CO2e. Bullock et al. (2021) estimated that 31–125%
of themining industry’s primary CO2 emissions could be captured
annually by enhanced weathering of silicate mine tailings. Glob-
ally, alkaline mineral wastes could be used to remove between 2.9
and 8.5 billion tonnes of CO2 per year by 2100 (Renforth 2019).

Carbonmineralization has several useful co-benefits for min-
ing operations. For instance, Power et al. (2021) demonstrated
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