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INTRODUCTION

The release of anthropogenic greenhouse gases (e.g., CO2, 
CH4, N2O, and SO2) into the atmosphere has been linked to envi-
ronmental degradation and global climate change (Houghton et 
al. 2001). Production of atmospheric pollutants, CO2 in particular, 
is associated with the combustion of fossil fuels�which accounts 
for as much as 90% of greenhouse gas emissions in the past 20 
years (Houghton et al. 2001). It is expected that development 
and implementation of new carbonless sources of energy will 
require another 50 to 100 years (e.g., Lackner 2003; Pacala and 
Socolow 2004), during which time fossil fuels will see continued 
widespread use (Lackner 2003). Current models require that 
atmospheric CO2 levels be stabilized on this timescale to curtail 
irreversible climate change (Pacala and Socolow 2004). Carbon 
dioxide sequestration or disposal is an essential component in the 
international effort to stabilize CO2 emissions. Of the proposed 
sequestration schemes, mineral sequestration represents the 
most geologically stable and environmentally benign method 
for carbon disposal (Lackner et al. 1995). Mineral sequestration 
mimics natural silicate weathering processes that bind CO2 in 

carbonate minerals. An estimated 87% of the Earth�s carbon, or 
9 × 1016 tons, is bound in carbonate minerals (Sundquist 1993). 
Kump et al. (2000) have predicted that, given a time scale of 
106 years, carbonate minerals will be the ultimate sink for most 
anthropogenic CO2. Mineral sequestration seeks to accelerate 
this natural process.

Carbonate minerals in mine tailings are of general interest for 
their role in suppressing acid generation (e.g., Jambor and Blowes 
1991; Blowes et al. 1998). Carbonate precipitates were observed 
in tailings from the Kidd Creek copper-zinc mine near Timmins, 
Ontario, Canada, in 2000 (Al et al. 2000). Similar carbonation 
phenomena have been observed in tailings from the Lower Wil-
liams Lake uranium mine near Elliot Lake, Ontario (Paktunc and 
Davé 2002) and in tailings from the chrysotile mines at Thetford, 
Québec (Huot et al. 2003), Clinton Creek, Yukon Territory 
(Wilson et al. 2003) and Cassiar, British Columbia (Wilson et 
al. 2005). The carbon bound in many tailings environments may 
not have an atmospheric origin, but our unpublished isotopic data 
indicate that the millions of tons of serpentinite tailings from 
the abandoned chrysotile mining operations at Clinton Creek, 
Yukon Territory, and Cassiar, British Columbia, Canada (Fig. 
1) are actively Þ xing atmospheric CO2 in mineral carbonates.
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ABSTRACT

Most carbon on Earth is bound within minerals, and increasing the uptake of atmospheric carbon 
dioxide into minerals may reduce the greenhouse gas content of the atmosphere. We document carbon 
disposal through the mineralization of mine tailings at Clinton Creek, Yukon Territory, and Cassiar, 
British Columbia. We conÞ rm crystallographic binding of carbon in these tailings and quantify carbon 
dioxide uptake using quantitative phase analysis with the Rietveld method for X-ray powder diffrac-
tion data. Planar disorder in the structures of the kaolinite-serpentine group minerals makes Rietveld 
reÞ nements of X-ray powder diffraction data for serpentinites problematic. Using structureless pat-
tern Þ tting and with the addition of a known quantity of a well-crystallized material, the problem of 
structural disorder is overcome by considering the serpentine minerals as amorphous phases. We test 
the accuracy and precision of this reÞ nement method using synthetic serpentine-rich mine tailings of 
known composition. Estimates of the abundance of hydrated magnesium carbonates in these tailings 
have a precision of approximately 5% relative for mineral species present in amounts greater than 
10 wt%. Precise estimates of carbonate mineral content and crystallographically bound atmospheric 
CO2 are made for samples of serpentine-rich tailings from Clinton Creek and Cassiar. Results for 
mine tailings are also compared to mineralogically similar samples from a carbonate playa at Atlin, 
British Columbia. The potential for decomposition of metastable hydrated magnesium carbonate 
phases to geologically stable magnesite may represent long-term stability of the products of mineral 
sequestration in mine tailings.
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