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Abstract. The greenhouse gas carbon dioxide is fixed 
during mineral precipitation within mine tailings at four 
sites from Canada and Australia. Fixation occurs by 
natural weathering of mine tailings at inactive mines and 
as a by-product of mineral processing and tailings 
deposition at active mines. The origin of trapped carbon 
is assessed with stable and radiogenic isotope analysis, 
which distinguishes three reservoirs: the atmosphere, 
mine organic waste, and mine bedrock waste. The 
reactions by which carbon is fixed from the atmosphere 
and organic waste are akin to those proposed for 
sequestering carbon dioxide. Abiotic and microbially 
mediated mechanisms for accelerating the rate of carbon 
uptake are proposed. 
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1 Introduction 
 

Sulfate, halide, and carbonate minerals form in mine 
waste as a result of chemical weathering reactions and 
as a by-product of mineral processing (Jambor and 
Blowes, 1998; Al et al, 2000; Dold, 2006). The 
formation of carbonate minerals is of particular interest 
for its potential in offsetting greenhouse gas emissions 
associated with mining. In this study we document 
secondary carbonate mineral precipitation at the Mount 
Keith Nickel Mine (Western Australia) and the Diavik 
Diamond Mine (Northwest Territories, Canada). Data 
from these active mines is compared to similar data 
from two closed chrysotile mines at Clinton Creek 
(Yukon, Canada) and Cassiar (British Columbia, 
Canada) as reported by Wilson et al. (2006, 2009). 
 
 
2 Sampling and Analytical Methods 
 

In excess of 1200 samples were collected from the 
tailings storage facilities at the Diavik and Mount Keith 
mines. Samples were collected from tailings surfaces 
and to depths of 4 metres. Deeper samples were 
collected with hand auger and with backhoe. From this 
extensive sample suite, approximately 270 samples were 
chosen for detailed analysis. Tailings deposits ranging 
from recent to as much as 13 years old were sampled to 
assess carbon uptake on decadal timescales. 

Mineral content of tailings samples was determined 

by powder X-ray diffraction data using the Reitveld 
method and by normalized reference intensity ratio as 
described by Wilson et al. (this volume). 

Light stable isotope and radiocarbon analysis was 
used to assess the sources of carbon fixed within 
mineral precipitates.  Stable isotope analysis was by 
Isotope Ratio Mass Spectrometry at the Pacific Centre 
for Isotopic and Geochemical Research, University of 
British Columbia using the analytical protocol described 
in Wilson et al. (2009). Mineral samples for radiocarbon 
analysis were converted to CO2 gas through reaction 
with phosphoric acid. The CO2 was converted to 
graphite by hydrogen reduction in the presence of iron 
powder at 550C. Graphite pellets were analysed on the 
Single Stage Accelerator Mass Spectrometer at the 
Australian National University. 

 
 
3 Mineral Precipitates 
 

Exposed tailings surfaces contain secondary 
precipitates of halide, sulfate, and carbonate minerals 
that are not present in gangue or ore. Halide and sulfate 
minerals although common on exposed surfaces, are not 
generally present at depth within tailings, suggesting 
that they are dissolved upon burial. Secondary carbonate 
minerals, however, persist at depth. Differences in 
climate and tailings management practices have resulted 
in widespread carbonate mineralization at Mount Keith, 
and limited carbonate mineralization in the tailings at 
Diavik, where underwater storage of tailings may have 
restricted carbonate mineral precipitation.  

The most abundant secondary carbonate mineral 
precipitate in Mount Keith tailings is hydromagnesite, a 
hydrated magnesium carbonate mineral. Average 
hydromagnesite abundance at depth increases with age 
from about 0.5 weight percent in fresh tailings to 1.5 
percent in tailings deposited 13 years prior to sampling 
(Fig, 1). Based on the increase in hydromagnesite 
abundance with age (Fig. 1), the integrated uptake of 
tailings of all ages within the tailings facility is 
estimated to be 62,000 tonnes CO2 per year during mine 
operations. 

Secondary mineralization at Diavik includes 
carbonates of Mg, Ca and Na: nesquehonite, calcite, 
vaterite, natrite, thermonatrite, natron, trona, gaylussite 
and northupite. Nesquehonite is volumetrically the most 
abundant secondary carbonate mineral, but is present at 
less than 0.1 weight percent in bulk tailings and 



therefore is not present in sufficient quantity to represent 
a significant sink of carbon. The magnesium carbonate 
mineral dypingite, which has been observed in 
chrysotile mine tailings (Wilson et al., 2006, 2009), is 
not abundant at either Mount Keith or at Diavik 
 
 

 
Figure 1. Abundance of hydromagnesite in Mount Keith 
tailings as a function of time since tailings deposition.  
 
 
4 Carbon Fingerprinting 
 

Three isotopically distinct reservoirs are identified at 
the mine sites: the atmosphere, mine organic waste, and 
mine bedrock waste. Of these, the first two represent 
fixation of modern carbon and is validated with 
radiocarbon data. Figure 2 plots oxygen and carbon 
isotope data from Diavik. Ca and Na carbonate 
precipitates on processed organic mine waste (orange-
pink diamonds) have carbon-13 compositions consistent 
with an organic carbon source. Carbon-14 data (Fig. 3) 
confirm that the bound carbon is modern. Nesquehonite 
from Diavik has stable and radiogenic isotope 
composition consistent with fixation of modern, 
atmospheric carbon.  Bedrock gangue Ca-carbonates 
(circles) define the field of bedrock carbonate and do 
not appear to be remineralised during secondary 
mineralization in tailings.  

Secondary hydromagneiste from Mount Keith 
tailings has oxygen-18 compositions indicative of a 
high-evaporation environment and atmospheric control, 
but carbon-13 data are ambiguous (open circles in Fig. 
4). Radiocarbon data, however, indicate that 
hydromagnesite contains generally between 80 to 100 
percent modern carbon (Fig. 3). Two samples have 
lower 14C contents of about 60% of modern. Using a 
conservative estimate that 80% of carbon in 
hydromagnesite is modern, then 50,000 of the 62,000 
tonnes CO2 mineralized per year at Mount Keith are 
offsetting mine greenhouse gas emissions. 

 
Figure 2. Stable oxygen and carbon isotope data by mode of 
occurrence and mineralogy for Diavik. Numbers indicate 
reservoirs and letters indicate processes by which carbon is 
cycled. In most cases, 2σ measurement errors are smaller than 
the symbols employed. 

 

 
Figure 3. Variation of δ13C with fraction modern carbon 
(F14C) for samples from Diavik and Mount Keith. Numbers 
indicate reservoirs and letters indicate processes by which 
carbon is cycled. In most cases, measurement errors are 
smaller than the symbols employed. 



 
Figure 4. Stable oxygen and carbon isotope data by mode of 
occurrence and mineralogy for MountKeith. Numbers indicate 
reservoirs and letters indicate processes by which carbon is 
cycled. In most cases, 2σ measurement errors are smaller than 
the symbols employed. Magnesite and iowaite are bedrock 
carbonate-bearing minerals from gangue. Bulk carbonate (pink 
circles) are mechanical mixtures of fine-grained inter-mixed 
gangue carbonate and secondary carbonate precipitates. 
 
 
5 Acceleration 
 

Silicate mineral dissolution appears to be rate 
limiting for carbon mineralization (Guthrie et al., 2001). 
Steady-state far-from-equilibrium serpentine dissolution 
experiments yield estimates of tailings dissolution that 
are strongly pH dependent (Thom and Dipple, 2005). A 
reduction in the pH of process and tailings waters could 
therefore serve to accelerate the rates of carbon fixation 
in tailings. Our preliminary bioleaching experiments 
using acid-generating substances also generate faster 
rates of mineral dissolution, suggesting that the addition 
of an acid-generating substance in conjunction with a 
microbial catalyst can significantly increase rates of 
carbon sequestration. 

 
 
6 Conclusions 
 

Carbon mineralization in mine wastes during mine 
operations provides some offset of the greenhouse gas 
production associated with mining. Rates of carbon 
uptake can be 50,000 tonnes per year or more in large 
mining operations. Some mine operations could benefit 
from an active program to accelerate carbon fixation in 
tailings storage and mineral processing operations in 
order to offset mine greenhouse gas emissions. 
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