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Abstract. Social License is recognized as crucial in 
natural resource development. Much of the work to date 
that reflects on social license and social acceptance is 
built upon a social paradigm that conjoins the motives, 
hopes, and aspirations of multiple stakeholders that 
ultimately determine their respective behavior. Social 
License itself is the product of discourse, or the 
perception of events or conditions and may form the basis 
of the broader narrative or ‘story’. Narratives today plays 
out in a highly dynamic and temporal way that evolve and 
change due to any number of psycho-social reasons 
including the use and nature of the language. This paper 
uses a proprietary and commercially available artificial 
intelligence algorithm to examine the positioning of a 
country’s Social License narrative both in terms of long-
term engagement and its emotional response in 
traditional and social media. 

Social License evolves from discourse or the 
perception of the relative importance of the actors and 
relationships and events in a story, but on its own do not 
tell the whole story (i.e. the narrative). The narrative on 
the other hand, gives the broad strokes of a story.  

Aristotle defined a ‘story’ as having four components, 
of which the most important is PLOT (i.e. the use of 
linguistic devices to convey causality, surprise, the 
unexpected, something that deviates from the canonical) 
and peripeteia or TROUBLE). There also must have a 
chronology (i.e. story unfolding over time), characters of 
greater or lesser virtue (i.e. heroes, villains etc.), and a 
setting (i.e. the 'stage'). A couple of millennia later, 
Kenneth Burke proposed the narrative pentad of Act + 
Actors + Scene + Agency + Purpose (Hershey and 
Branch 2011). All of these elements form the foundation 
of the phenomenon we refer to as ‘Social License’. 

Social License is best described as a metaphor 
(Thompson and Boutilier 2011). Social license itself really 
does not exist as a concrete ‘thing’, but rather a 
representation of a healthy relationship between parties 
that have different motives, values and perspectives. 
Over the past two decades, this concept has been widely 
applied within in the context of mining, oil and gas 
development and other resource development activities 
(Gehman et al. 2016; Raufflet et al. 2013; among others). 
The core around which social license can be developed 
is trust. This trust reflects the sincere and intense 
conviction to perform as promised, to communicate in a 
timely, complete and collaborative way, and to stand up 
and be accountable when issues arise. Without this level 
of mutual understanding, respect and meaningful 
dialogue natural resource development can be curtailed, 
delayed or postponed (Franks et al. 2014; Prno and 
Slocombe 2012, Thomson and Boutilier 2011). The chief 

purveyors and promoters of Social License as a ‘thing’ 
tend to be the industrial proponents whose vested 
interest is to advance development as smoothly for 
corporate economic growth and return to shareholders. 
Communities and affected stakeholders see Social 
License as the means to exercise their right and privilege 
to self-determination. 

Finally, Social License could be seen as this condition 
that exists in a particular place and time and shifting 
participants. It is fragile and occupies the space between 
a future that fosters some degree of dependence on 
natural resource production and all that entails, and a 
future that does not include this kind of economic activity. 
The occurrence of Social License is without judgement as 
any metaphor is, however has become the hallmark of 
corporate social engagement. 

With the acceptance that social media is inextricably 
part of our lives, we have entered an era of 
Digimodernism, characterized by the interaction and 
relationship people have with communication technology 
(Kirby 2009). Narratives are in effect, broad strokes of a 
story without spelling out every emotive stop and 
intonation.  They essentially convey an idea. This is 
amplified in the realm of Digimodernisation, where 
perceptions and narratives become ‘true’ by being the 
most compelling and most shared.  It is the ‘grand 
narratives’ that are the ones that have the power to 
become larger than life and have the power to control 
people and their prevailing discourse (Foucault 1972). 

As mentioned initially, the story or narrative needs a 
setting or stage. The current research examines how the 
narrative of Social License plays out in geographic 
locations where mining and mineral production are 
happening.  Australia was used as a case due to the high 
dependence (+60%) of mineral production on their 
nation’s economy. It would be reasonable to assume that 
if high levels of dependence of minerals for economic 
activity were the case, then the narrative surrounding 
Social License would also follow suit. Canada, although 
a significant mineral economy, relies far less on mining 
as a proportion of their nation’s economic output. Finally, 
recognizing that Europe is not one huge geopolitical 
block, but rather a colourful tapestry of member nation 
states, has a collective economy that is dominated by the 
manufacturing sector and mineral production plays a very 
minor role in the big picture. In this case one might 
assume that the Social License narrative would be very 
localized and subdued.  

Results from an AI-driven narrative analysis of social 
media has identified an inverse trend, where Australia 
had the least enduring Social License narrative and a 
highly negative tone, whereas Canada appears to 
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embrace the narrative and possess a strong emotional 
affinity to it. Selected European nations had a strong 
positive response to the narrative both in terms of its 
enduring of level of permanence and emotion. 

The results of the study, suggest that due to the 
dominant nature of mineral production in Australia, there 
a sense of resolution may be in effect, whereas in 
Canada, the tenancy of mining is less dominant and the 
Social License narrative more significant.  In the 
European case, those countries where mining play little 
or no importance in their economies, the Social License 
narrative is vibrant (i.e. in both a positive and negative 
sense). In countries like Greece, where mining is 
somewhat more important and topical in their social 
media outlets, the narrative is strong. 

 

 

Figure 1. Significance of the SLO narrative 

The study also examined the emotional response to 
social license. In this case, all three nations were rooted 
in a negative emotion.  In the case of Australia, the 
narrative is associated with emotions fury, anger dislike.  
Canada on the other hand recorded emotional positive 
emotional responses of favour, approval, closeness and 
joy.  Greece sat squarely in the middle with no 
discernable emotional response. 

The AI narrative analysis approach has its limitation in 
the very temporal nature of the ‘story’ and the tide of 
shifting opinions.  To be most effective, this research 
approach needs to be assessed over time to map not only 
the permanence and emotional tone of a narrative, but 
also how it shifts with time. 
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Abstract. The silver mining camp at Cobalt contains 
polymetallic wastes hosting metal of economic value (Ag, 
Co, Ni) and others other that are potentially hazardous 
(As, Sb). Mining in the early 20th century left many small 
deposits of mill wastes, waste rock, and tailings 
distributed throughout the area. The complex nature of 
the ores was a challenge for early metallurgists, which 
resulted in variable mill wastes from experiments in 
processing. The residues from the second half of the 20th 
century are less dispersed, and lower in metal content. 
Identification of the secondary minerals formed in situ in 
mine waste is critical to understand As solubility controls 
in the exposed tailings and waste rock. The situation is 
complicated in the Cobalt camp because of pervasive 
secondary (pre-mining) alteration. Here we report the 
identification of As- and Co-bearing tertiary minerals in 
mill wastes and tailings as part of an overall project 
designed to characterize the mobility of multiple metal 
and metalloids from primary ore to secondary pre-mining 
oxidation to tertiary (mine waste weathering) 
transformations. 
 
1 Introduction 
 
Silver was mined from the Cobalt area in northeastern 
Ontario, Canada from 1903 to 1989. A total of 17 M kg of 
Ag, 20 M kg of cobalt (Co), 7 million kg of nickel (Ni) and 
2 million lbs of copper (Cu) was produced up to 1971 in 
the Cobalt-Gowganda Silver belt (Petruk et al., 1971). 
The area is currently a target for Co exploration 
(Bochove, 2017). Many small-scale mining operations 
were scattered through the camp and have left multiple 
residual legacy sites including mill sites, waste rock piles 
and tailings deposits.  Arsenic is the primary element of 
environmental concern associated with the legacy mine 
sites and waste material (Dumaresq, 1993; MOE, 2011). 
The potential release of As from these materials is 
dependent on the stability of the As-bearing mineral 

phases within the near surface environment. Unlike many 
ore deposits, where As is hosted in iron sulfides such as 
arsenopyrite and pyrite, and the mobility of As in 
weathering mine waste is controlled mainly by the 
stability of Fe oxyhydroxides and Fe-As oxidation 
products, the primary As-hosting minerals in the Cobalt 
ores were a complex mixture of sulfarsenides and 
arsenides (Table 1).  The polymetallic nature of the 
mineralization (Ag-Co-Ni-Bi-As-Cu-Sb) was a challenge 
for the early mills, and has resulted in a complicated 
waste material that provides the opportunity to study the 
mobility in the near-surface environment of potentially 
hazardous elements and economically valuable 
elements, as well as some that fall into both categories.In 
the older legacy sites, there are processing wastes, that 
are highly variable as a result of multiple methods used 
in the early days to extract Ag. There are also to flotation 
tailings. Some of the processing wastes are exposed to 
the atmosphere, others are water-saturated and less 
oxidized. There has been partial remediation in some 
areas where soil covers waste that had been exposed for 
decades. There is sufficient carbonate in the host rocks 
to prevent extensive development of acid rock drainage 
(Kelly et al. 2007), but As is known to be mobile at near-
neutral pH and has been released to surface water in the 
region (Dumaresq 1993). In addition to the complex 
primary mineralogy and variable post-depositional 
environments of the waste, Secondary oxidation of the 
ores is known to have resulted in arsenates such as 
erythrite-annabergite (the “cobalt bloom” used as an 
exploration guide) (Boyle and Dass 1971).  

The overall objective of our research program is to 
understand how pre-mining and post-mining weathering 
processes affect the mobility of multiple elements (As, 
Sb, Co, Ni, Cu, Bi, Ag) in a polymetallic setting. This 
extended abstract is focused on As- and Co-hosting 
tertiary minerals in mill wastes and tailings. The results 
from this research will help understand the processes 
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controlling the release of potentially hazardous elements 
to the aquatic environment and provide guidance to 
explorationists pursuing new targets in a complex historic 
mining camp.  

 
Table 1. Common ore and accessory minerals in the Cobalt camp 
(modified from Dumaresq 1993 and Petruk 1971) 

 
2 Geological Setting 
 
The mineralized Ag-Co-Ni veins of the Cobalt-Coleman 
camp are spatially associated with both mafic sills of the 
Proterozoic Nipissing diabase and with the unconformity 
of Proterozoic clastic sediments of the Huronian 
supergroup which overlie Archean metavolcanic units 
(Andrews et al., 1986). The style of mineralization within 
the Cobalt-Coleman camp is classified as five-element 
(Ag-Bi-Co-Ni-As) style vein deposit (Kissin 1992). The 
Ag-Co-Ni mineralization is hosted within silica-carbonate 
veins which occur in all local lithologies including the 
Archaean volcanics, Proterozoic sediments and the 
Nipissing diabase (Petruk, 1971).  
 
3 Sampling and Analytical Methods 
 
Samples were collected from the Nipissing High Grade 

tailings, Nipissing High Grade mill, Nipissing Low Grade 
tailings, and Nipissing Low Grade mill (Figure 1). At the 
tailings sites, test pits were hand dug to approximately 40 
cm, with samples collected from intervals of stratigraphic 
variation in colour and grain size. These waste materials 
are from the early stage of mining in the Cobalt camp 
(starting in 1903). More recent tailings from the Cart Lake 
area (1965-1983) were also sampled. More modern 
processing that produced the Cart Lake tailings was 
designed to recover not only Ag, but also Co and Ni 
hosted within arsenide and sulfarsenide minerals.    Major 
and trace elements were determined using inductively 
coupled plasma atomic emission spectroscopy (ICP-
AES) and inductively coupled plasma mass spectroscopy 
(ICP-MS) following a partial aqua regia digestion of equal 
parts HCl, HNO3 and DI H2O for 30 minutes.The 
characterization of the mineralogy of the samples was 
completed using SEM combined with automated 
mineralogy using mineral liberation analysis (MLA) and 
electron microprobe analysis.  
 
4 Results 
 
The Nipissing High Grade samples were higher in most 
metal(loid)s with mean concentrations in mill waste 
samples of 32600  mgkg-1 As and 9727 mgkg-1 Co (n=4) 
and in tailings samples of 12624 mgkg-1 As and 5938 
mgkg-1 Co (n=7). The Nipissing Low Grade samples had 
mean concentrations in mill samples of 4930  mgkg-1 As 
and 1236 mgkg-1 Co (n=3) and in tailings samples of 2849 
mgkg-1 As and 711 mgkg-1 Co (n=6). Silver 
concentrations were more than 1000 mgkg-1 in the mill 
samples, reflecting the low recoveries in the early mills.  

All tailings and mill samples analysed predominately 
consist of common silicate minerals including quartz, 
feldspar, chlorite, biotite, pyroxene, and hornblende. 
Together these silicate minerals comprise 90-95% of the 

 
Figure 1. Outline of study area and location of sample sites  

 Mineral Composition 

Sulfarsenides 

Cobaltite CoAsS 

Gersdorffite NiAsS 

Arsenopyrite FeAsS 

Arsenides 

Nickeline NiAs 

Safflorite (Co,Fe,Ni)As2 

Loellingite FeAs2 

Rammelsbergite NiAs2 

Skutterudite (Co,Ni,Fe)As3-x 

Langisite (Co,Ni)As 

Sulfides 

Chalcopyrite CuFeS2 

Galena PbS 

Sphalerite ZnS 

Pyrite FeS2 

Bornite Cu5FeS4 

Stibnides and 
sulfstibnides 

Breithauptite NiSb 

Ullmanite NiSbS 

Tetrahedrite (Cu,Fe)12Sb4S13 

Silver minerals 

Native metals Ag, Au, Bi, As 

Allargentum Ag(1-X)SbX 

Dyscrasite Ag3Sb 

Acanthite Ag2S 

Proustite Ag2AsS3 

Stephanite Ag5SbS4 

Pyrargyrite Ag3SbS3 
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tailings samples, and 70% of the mill samples, with the  
remainder including sulfides, oxides and 
carbonates.Primary ore and accessory minerals 
observed in these samples include bravoite (Fe-NiS2), 
cobaltite, gersdorffite, millerite (NiS), loellingnite, pyrite, 
realgar, plus solid solution series cobaltite-gersdorffite, 
safflorite-skutterudite), and (para)rammelsbergite-
nickeline. Tertiary minerals formed in situ can be 
recognized by rimming, cementing and void-filling 
textures, and based on the known stability of these 
phases. A common tertiary phase is erythrite-
annabergite-hörnesite solid solution (Figure 2).  
 

 
Figure 2. A) and B) NHGT002 (tailings) showing various texture of 
tertiary erythrite-annabergite-hörnesite. C) and D) NHGM014 (mill 
waste) Safflorite-skutterudite replaced by Co-Ni bearing Ca-Fe 
arsenate and rimmed by erythrite-annabergite-hornesite. 
 
Electron microprobe analysis shows that Ca and Fe are 
also present in this phase, which has an average 
composition of 
(Co,Ni,Mg)2.67(Ca,Fe)0.3(AsO4)1.98•7.67H2O in the 
Nipissing High Grade tailings samples, and a similar 
composition in the High Grade Mill. Also present are a 
Ca-Fe arsenate tentatively identified as yukonite, and 
fine-grained mixtures that likely include both tertiary 
phases. Several grains of arsenic trioxide (arsenolite or 
its polymorph claudetite) were observed in mill and 
tailings, probably a remnant from roasting, although 
primary arsenolite has also been reported from this area 
(Kloprogge et al. 2006).  
 
5 Discussion 
 
Given that erythrite-annabergite has been previously 
recognized as a secondary mineral associated with Ag 
veins in this mining camp (Boyle and Dass 1971), the 
distinction between this phase as pre-mining, or forming 
in situ in the tailings might appear to ambiguous. 
However, the inclusion of significant amounts of Ca and 
Fe in the erythrite-annabergite-hörnesite solid solution in 
the tailings and mill samples appears to distinguish this 
as having formed in the mine waste deposits from recent 
oxidation. In fact, it is likely that the Ca and Fe became 
available for inclusion in the solid solution from 

dissolution of carbonate minerals (calcite and ankerite) 
and sulfide oxidation in response to sulfide oxidation 
reactions tending to decrease pH. The tertiary solid 
solution formed in the tailings seems to have more Ca 
and Fe than previously reported (Jambor and Dutrizac 
1995). 

Arsenic trioxide, whether primary or secondary may be 
a source of high concentrations of dissolved As, given its 
high solubility. The experience from other mining camps 
where uncontrolled ore roasting emissions led to 
widespread arsenic trioxide in soil (Bromstad et al. 2017) 
and even lake sediments (Schuh et al. 2018) suggest that 
the dissolution of arsenic trioxide is kinetically-governed 
and it may persist in the environment for decades.   

The mill samples and the near-surface tailings exhibit 
abundant tertiary mineral formation but a sample taken 
from water-saturated material 13 to 20 cm below the 
surface was dominated by primary As mineral species 
with minimal weathering textures, suggesting that sample 
is within a stable, water-saturated environment. 
Furthermore, there is an abundance of carbonate 
minerals in comparison to a sample taken closer to the 
surface, suggesting where the material is water 
saturated, carbonate is stable and not being consumed 
by any acid produced from dissolution of arsenides or 
sulfarsenides and may be precipitated in situ.  
 
6 Conclusions 
 
Based on the samples examined, the As- and Co-hosting 
secondary minerals in Cobalt area mine waste depend on 
depositional environment and mining history. Fine-
grained, water-saturated tailings include more primary 
phases and carbonate. Erythrite-annabergite-hörnesite 
formed in situ includes more Ca and Fe than what has 
been reported from secondary (pre-mining) solid 
solutions. Further analysis of secondary and tertiary 
oxidation products is required to predict their influence on 
waste mineralogy and element mobility. Waste from the 
first era of mining in the early 20th century are particularly 
high in As, Ag and Co. Based on our samples, the more 
modern Cart Lake tailings are lower in these elements but 
have a larger volume than the Nipissing High Grade and 
Low Grade materials studied and thus may require 
consideration for their contribution to drainage. 
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Abstract. Reprocessing mine waste to extract additional 
value is a potentially sustainable alternative to exploration 
and development of new mines. Combining the extraction 
of additional value and the reduction of deleterious 
elements, the environmental impact of stored mine 
tailings can be minimized, one of the goals of sustainable 
mining. At Cantung mine in northern Canada, tailings 
contain ore grade values of tungsten and minor additional 
value of copper and gold. The tailings are currently in 
steep-sided impoundments with little oxidation but some 
have spilled into the river and exhibit extensive oxidation 
and acidic drainage. Our long-term objective is to 
transform the Cantung mine from an inactive and 
environmentally problematic site in a vulnerable Northern 
setting to one where additional value can be extracted 
from tailings with a comprehensive remediation design 
that reduces environmental risk. Here we report on the 
first stages of the project: characterization of the tailings 
in terms of modal mineralogy, scheelite grain size and 
liberation, and acid-base accounting. The mobility of 
tungsten under the wide range of pH, Eh and variable 
mineralogy has also been studied.  
 
1 Introduction 
 
Tungsten is considered a critical metal, meaning that is 
has high economic importance and high risk of 
interruption of supply (Graedel et al. 2014). The Cantung 
mine is an unusually large and high-grade tungsten 
deposit located in the Northwest Territories in Canada 
and was the western world’s largest producer during its 
operation from 1962 to 1985 (Figure 1). Despite the high 
grade (0.8 to 1% WO3), the mine experienced numerous 
shutdowns during periods of low tungsten prices and 
profitability was hindered, in part, by problems with 
metallurgical recovery. Recently, the Canadian 
government has assumed responsibility for the site 
following insolvency of the previous operator.  The site is 
in a remote, mountainous terrain near Nahanni National 
park and upstream of a First Nations community in an 
area subject to rapid climate change and elevated 
seismic risk. Currently, approximately 6.5 Mt of tailings 
are in steep-sided impoundments without adequate 
confinement, and 172,000 t in Flat River, actively eroding 
and producing acidic, metal-bearing drainage (Figure 2a 
and 2b). The tungsten content of the tailings is 

comparable to ore grades from other operating or 
proposed mines.  

Our long-term research objective is to create a 
comprehensive plan for reprocessing all tailings including 
those in the river, recovering previously-lost tungsten, 
producing a sulfide concentrate from which copper and 
gold might be extracted, and designing redisposal in a 
manner appropriate for the environmental sensitivities 
and geohazards relevant to the site. Ideally, the 
secondary recovery of tungsten would help defray cost of 
remediation.  

This presentation is focused on two of our initial 
projects: (1) characterization of the Cantung tailings using 
automated mineralogy to better evaluate the potential of 
reprocessing based on scheelite concentration, grain size 
and liberation and the potential of the tailings to generate 
acid drainage, and (2) study of tungsten mobility in the 
tailings environment, and its dependence on pH, Eh and 
modal mineralogy.   

Figure 1: Location of Cantung Mine 



Sustainable development of Ore Deposits  1608 

 

 
Figure 2. (top) view of Cantung site with tailings impoundment in 
foreground (photo E. Struzik). (bottom) oxidized tailings and iron-
stained water near Flat River 
 
2 Geological Background 
 
Cantung is a skarn deposit situated in the Canadian 
Cordilleran, associated with Mid-Cretaceous felsic 
plutonic suites that were emplaced near the transition 
between shallower water carbonates of the Mackenzie 
Platform and siliciclastic rocks of the Selwyn Basin. The 
ore is hosted in the Ore Limestone, a relatively pure 
carbonate, and the Swiss Cheese Limestone, dolomitic 
siltstone and fine-grained impure limestone (Bowman et 
al., 1985). 

 
3 Sampling and Analytical Methods 
 
For the characterization project, fifty samples were 
collected from surface to 30 m depth in four tailings 
ponds, and one bulk sample from the Flat River tailings, 
which had been released during the early stages of 
mining. These samples varied in tungsten content from 
0.11 to 0.65% W. Samples were prepared for detailed 
automated mineralogy by mounting a subsample in 
epoxy and hand polishing. They were analysed at 
Queen’s University using the Mineral Liberation Analysis 
(MLA) system on an FEI Quanta 650 FEG Environmental 
SEM. Four types of analysis were done: (1) modal 
mineralogy, (2) liberation of scheelite, (3) particle size 
analysis of scheelite, and (4) acid-base accounting. 

For the tungsten mobility project, porewater samples 
were collected using suction lysimeters and by 
centrifuging tailings samples. Surface waters were 
filtered through 0.45 μm filters. Samples were analysed 

using high resolution inductively coupled mass 
spectrometry (HR-ICP-MS) and ion chromatography (IC). 
Tailings samples were collected from augered holes 
during lysimeter installation, and from the base of shallow 
ponds where surface waters were collected. Field pH, Eh, 
conductivity, and temperature were measured with a YSI 
556 Multiprobe and an Accumet 115 Portable Meter. 
 
4 Results 
 
4.1 Modal Mineralogy  
 
There is significant variation in the relative amounts of 
silicates, pyrrhotite, carbonates and oxides in the tailings, 
which may influence reprocessing design and 
environmental behavior. There is up to 30% pyrrhotite in 
the tailings, but little pyrite. The Flat River tailings exhibit 
extensive oxidation with less than 2% sulfide remaining, 
and 60% iron oxides.  
 
4.2 Scheelite grain size and liberation  
 
The scheelite grain size appears to be bimodal, based on 
the samples analysed to date (Figure 3). Loss of fine-
grained scheelite is known to be problematic at other 
mines but the grain size analysis suggests that this is not 
the only reason for poor recoveries. 

 
 
 
 
 
 
 
 
 

 
  
 
 
Figure 3. Grain size analysis of scheelite in tailings. Vertical axis 
indicates cumulative passing in wt%. 
 
Liberation of scheelite grains is variable (Figure 4) but the 
relatively small amount of unliberated grains suggests 
this is not the main reason for the loss of W to tailings. 
More than 50% of the scheelite is partially liberated.   

 
Figure 4. Degrees of liberation in scheelite a) Completely liberated. 
b) partially liberated. c) entirely unliberated. 
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4.3 Pyrrhotite Oxidation and Acid-base 
Accounting 

 
The potential to produce acid was determined from modal 
mineralogy by calculating the sulfur content of acid-
generating minerals. Neutralization potential was 
calculated based on the abundance of carbonate 
minerals, correcting for the presence of Fe and Mn 
carbonates. Results to date indicate that most of the 
tailings are potentially acid-generating, consistent with 
previous chemical tests. Field and SEM observations 
indicated variable degree of pyrrhotite oxidation (Figure 
5). 

Figure 5. Unoxidized and oxidized pyrrhotite. 
 

4.4 Identification of other ore minerals    
 

Automated mineralogy provided the opportunity to locate 
rare grains of <10 µm sized electrum and native gold in 
several samples, mostly fully contained within either 
pyrrhotite or hornblende (Figure 6). Bismuth was found 
either as native bismuth or bismuthinite (Bi2S3). All 
samples except for the Flat River tails have at least a few 
particles of native Bi. Those samples highest in scheelite 
are also highest in native Bi. Generally, bismuthinite is 
rare in comparison to native Bi, but follows the same 
overall trends. 

Figure 6. Electrum and native Bi in tailings 

4.5 Mobility of Tungsten 
 
Little is known about the transport and fate of tungsten in 
the mine waste environment and it has only recently been 
considered a potential human health hazards 
(Koutsospyros et al., 2006; Mohajerin et al., 2013). 
Dissolved tungsten is transported principally as tungstate 
oxyanions in most natural waters, and as thioanions in 
alkaline, highly sulfidic waters (Cui and Johannesson, 
2017). At neutral to alkaline pH, the monomeric WO42- 
species is dominant, but will protonate and polymerize 
with increasing acidity to form a number of ill-defined 
polytungstate species. Being negatively charged, 
tungstate anions will adsorb to positively charged mineral 
surfaces such as Iron oxides. The variable pH and Eh 
conditions (Figure 7), and striking differences in 
mineralogy mean that Cantung is an ideal place to study 
W mobility. 
 

 
Figure 7. Eh v pH diagram for waters collected from Cantung tailings 
and Flat River. 

 
5 Discussion 
 
Reprocessing tailings is considered a more sustainable 
approach than opening new mines. When mining 
companies become insolvent, the mine may cease 
production and become a managed (or unmanaged) 
contaminated site. In the case of Cantung, the situation is 
complicated by the need to move the tailings from the 
impoundments that were constructed along the valley 
walls to a more geotechnically stable position. Other 
options have also been proposed, such as partially 
dewatered dry-stack storage. The generation of revenue 
from extracting the substantial amount of tungsten as well 
as the copper and gold from the tailings could be used to 
offset the costs associated with moving the tailings.  

Characterization of the tailings is critical to design 
optimal reprocessing. Information of scheelite grain size 
and liberation is fundamental to improved gravity and 
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flotation design. The presence of significant amounts of 
pyrrhotite may also affect reprocessing and indicates that 
management of acidic drainage, especially if tailings are 
unsaturated, is required. Although tungsten is not 
regulated in mine effluent, understanding the mobility of 
a potentially hazardous element in the aquatic 
environment will provide useful information to regulators 
and communities.  

 
6 Conclusions and future work 

 
Results to date have shown that automated mineralogy is 
a useful technique when applied to tungsten tailings for 
quantifying modal mineralogy, measuring scheelite grain 
size and liberation, and mineralogically evaluating the 
potential for acidic drainage. The results indicated that 
although the relative proportions of minerals change from 
sample to sample, the ratio of sulfide (mostly pyrrhotite) 
relative to carbonate is always such that acid generation 
would be predicted, Field observations and previous 
characterization work (Mesh 2008) indicate that pH 
values in tailings pore waters and drainage are near 
neutral and there is a lag time for sulfide oxidation. 
However, the tailings released during the early years of 
mining directly into the river valley are highly oxidized with 
little pyrrhotite left and pore water pH values as low as 2. 
Clearly any design for future tailings disposal needs to 
prevent sulfide oxidation. The mobility of dissolved 
tungsten is known to be dependent on pH, which affects 
aqueous speciation and adsorption. Future work includes 
additional tailings characterization work, leach tests of 
current tailings, and those resulting from reprocessing 
experiments and a comprehensive study of co-existing 
water and tailings focused on understanding tungsten 
mobility.    
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Abstract. The Mount Lyell Mining and Railway company 
discharged nearly 95 Mt of tailings and 1.4 Mt of slag from 
its copper, gold and silver production into the Queen 
River from 1916 to 1994. Approximately 87.4 Mt of 
tailings has accumulated at the King River Delta. This 
research presents a geoenvironmental characterisation 
of the King River Delta that combines geophysical, 
geochemical and mineralogical data. Apparent resistivity 
and shear wave (Vs) profiles suggest the baseline of the 
tailings at 3–5 m depth. Low resistivity values (i.e., < 2 
Ω·m) characterise the salt water intrusion, while resistivity 
values between roughly 5 to 12 Ω·m, below 15 m depth, 
suggests bedrock boundaries. Scanning electron 
microscope (SEM) analysis of sediments identifies pyrite, 
chalcopyrite, muscovite, quartz, chlorite, barite, and iron 
oxides in the tailings. Additionally, chemical analysis 
indicates high content of S and heavy metals (e.g., Fe, 
Cu, Co, Ni and Zn), which contribute to rapid acid 
formation and risk of metal leaching into the surrounded 
environment, confirmed by geochemical static tests. 
 
1 Introduction  
 
The Mount Lyell Mining and Railway Company, 
established in Queenstown in 1893, was the largest 
copper mining company on the west coast of Tasmanian 
until 1994 (Koehnken 1997). It produced over 1.3 Mt of 

copper, 750 t of silver and 45 t of gold, which is equivalent 
to more than AU$4 billion worth of metals in 1995 terms 
(McQuade et al. 1995). 

A by-product of the extraction and concentration of 
these commodities were vast quantities of mine waste 
including approximately 53 Mt of waste rock ,97 Mt of 
sulfidic tailings and 1.4 Mt of slag. Tailings and slag were 
disposed into the Queen-King river system from 1916 to 
1994 (Locher 1997) leading to acid and metalliferous 
drainage (AMD) generation at the river and 
environmental degradation, with Mt Lyell regarded as the 
most extreme example of AMD in Tasmania (Taylor et al. 
1996). Currently these materials reside in overbank and 
river bottom sediments whereas 87.3Mt of tailings are 
stored within the delta (Figure 1) (Locher 1997).This 
research aims to establish the geoenvironmental 
characteristics of the King River Delta by combing 
geophysical, geochemical and mineralogical properties, 
which will further assist with reprocessing of tailings  and 
rehabilitation planning of the Queen and King rivers and 
the King River Delta.  
 
2 Methodology  
 
Multi-channel analysis of surface waves (MASW) and DC 
resistivity were obtained in two parallel survey lines, 
displayed in Figure 2 (~ 400 m length). WinMASW was 
used to process the seismic data and resistivity was 
processed with RES2DINV.  

Five trenches were dug for sediment and water 
sampling and further characterisation (Figure 2). The 
trenches were excavated with a shovel to ground water 
depth. Each trench was approximately 30–40 cm wide 
and 30–90 cm deep, depending on water table level. 
Between two and four sediment samples (depending on 
the trench depth), approximately 500 g each, were 
collected from each trench from different depths. A total 
of 18 sediment samples were collected. 

Water quality measurements (i.e., pH) were taken in 
the field using calibrated portable devices. Samples were 
filtered (0.45 µm PES filter) into 50 ml HDPE bottles, 
acidified with 1 ml of 1 % HNO3 and transported in a cool 
box to for laboratory analysis using ICPMS to determine 
metal concentrations. 

All analytical work was undertaken at the University of 
Tasmania laboratories. A Vanta handheld X-ray 
fluorescence (XRF) analyser was used for chemical 

Figure 1. Location of study site in Western Tasmania and 
King River Delta  
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analyses of the sediments. Carbon, hydrogen, nitrogen 
and sulfur values were obtained using a Thermo Finnigan 
EA 1112 Series Flash Elemental Analyser. Static tests  
 
(i.e., net acid generation (NAG) and paste pH tests) were 
undertaken to evaluate the acid producing potential of the 
sediments. For mineralogical characterisation, sediments 
were analysed using a Hitachi SU-70 field emission 
scanning electron microscope (FE-SEM). 
 
Results and discussion  
 
Geophysical survey  
 
The Vs profiles indicate shear wave velocity of the tailings 
is less than 300 m/s for Line 1 (Figure 3) and less than 
160 m/s for Line 2 classifying this material as dry sands 
according to Mavko (2005). All the profiles show a sudden 

decrease in seismic velocity between 3–8 m. This might 
indicate high pore water pressure at these depths 
(Telford et al. 1990) and likely saturation due to salt water 
intrusion. Below 10 m depth, the level of confidence is low 
and from this point onwards the seismic models are not 
reliable. 

Apparent resistivity models (Figure 3) in the upper part 
of the profile (> 5 m) show a higher resistivity unit (> 20 
Ω·m), indicating dry tailings. The underlying layer, from 
5–15 m depth displays very low apparent resistivity 
values (i.e., < 2 Ω·m) suggesting this zone as saltwater 
intrusion (EM GeoSci 2018). Below 15 m, resistivity 
values increase to ~ 15 Ω·m, suggesting an interface with 
less porous materials, likely indicating bedrock. 

A good correlation is observed between the Vs and 
apparent resistivity models and variations in the thickness 
of dry and saturated tailings is imaged. Preliminary 
interpretation classifies four layers. The topmost layer is 
dry loose tailings overlying wet loose tailings. Below this 
is the salt-water intrusion overlying bedrock.  
 
3.2 Geochemical and mineralogical 

characterisation  
 
The delta consists of layers of oxidized and un-oxidized 
tailings (Figure 4A), characterised by a typically bluish-
grey coloured material and sandy texture, resulting from 
different flooding events at the King River. Damming of 
the King River in 1992 and cessation of dumping mine 
waste into the river in 1995 (Locher 1997) slowed the 
tailings supply in the delta leading to oxidation of the 
uppermost portion, creating a 20–30cm layer of reddish 
coloured tailings (Figure 4B). 

Backscattered electron images indicate the presence 
of pyrite, chalcopyrite, iron oxides and sulphates, quartz, 
muscovite, chlorite, barite, rutile, florencite and 
carbonates in the tailings. Grains of liberated pyrite 
(Figure 5A) are detected on shallow sediments. In depth, 
liberated and euhedral pyrite crystals, encapsulated in 
quartz and chlorite were observed (Figure 5B). Element 

Figure 3.  Modelled shear wave velocities and apparent resistivity carried out at Line 1. 

T1 T2 T3 

T5 
T4 

Figure 2. Trench locations and geophysics survey lines and 
ground traverse. 
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mapping revealed these pyrite crystals as Co-bearing. 
Iron oxides rims and the presence of sulphate as rims and 
grains (Figure 5C), notably in the uppermost sediments, 
are indicators of tailings oxidation. Chalcopyrite grains 
were found associated mainly with muscovite, chlorite 
and quartz (Figure 5D). 

Pore water collected from the trenches is acidic, 
ranging from pH 3.12–3.92. Chemical analysis reports 
high content of heavy metals, especially Fe (83.21–
1109.63 mg/l), Cu (1.71–10.05 mg/l), Co (0.47–1.88 mg/l) 
and Zn (0.73–3.2 mg/l). These results suggest metals are 
being released within the delta instead of being absorbed 
into the sediment as consequence of the acid water 
(Osmond et al. 1998).  

The delta tailings display high concentrations of Fe, Al, 
Cu and other transitional metals. Iron was found between 
40,868–171,960 ppm while Al concentrations varied from 
10,104–15,769 ppm and Cu content ranged from 373–
3096 ppm. Other trace elements were also encountered 
in considerable concentrations such as Co (up to 505 
ppm), Zn (up to 342 ppm) and Ni (up to 307 ppm). Copper 
concentration is observed to increase at depths below 20 
cm, where fresh tailings are mostly present. Deleterious 
elements, such as As, were found in smaller 
concentrations (up to 50 ppm). 
 
 

3.3 Geoenvironmental implications 
 
Mineralogical and geochemical analyses show high metal 
content in the tailings and the presence of acid forming 
minerals (i.e., pyrite and chalcopyrite). Environmental 
concerns are clearly associated with the mine tailings, 
and the consequent release of their highly contaminating 
metal content (Martín-Crespo et al. 2018).  

Geochemical static tests was performed in the 
samples as per Parbhakar-Fox et al. (2011) to predict 
acid formation of the tailings. Figure 6 indicates that all 
samples were potentially acid forming due to presence of 
S-bearing minerals (i.e., pyrite and chalcopyrite). The 
majority of samples will form acid rapidly on exposure, 
classifying them with a medium risk of ARD. A lag time 
and low risk of ARD is expected for sample 4 in trench 5 
(T5S4). This sample has bluish-grey coloured unoxidized 
sediments.  Encapsulated pyrite was found in this 
sample, which decreases the surface area for oxidation. 
Four samples reported high risk of ARD and immediate 
acid forming potential, two of these samples were 
collected from the uppermost oxidized layer (i.e., T1S1 
and T2S1). Although these samples report lower S% (i.e., 
T1S1 = 1.58% and T2S1 = 0.93%), pyrite is typically 
liberated and finely grained, giving a large surface area 
available for oxidation. The deeper sample T4S4, 
returned the highest 

Figure 6. Classification of acid forming potential and lag-time to acid 
forming of trenches in the delta (PAF – potentially acid forming, ARD 
– acid rock drainage) (Parbhakar-Fox et al. 2011). 

Figure 7. Modified Ficklin plot, adapted from Plumlee (1999), 
showing metals versus NAG pH for trenches in the delta (ARD – 
acid rock drainage, ML – metal leaching).  
 

A B 
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Figure 4. (A) Layers of oxidized and unoxidized tailings observed 
in the Delta and (B) 3D photogrammetric model (Agisoft 
Photoscan software) of a face of a trench with visible uppermost 
oxidized layer 

Figure 5. Backscattered electron images of (A) liberated pyrite, 
(B) encapsulated pyrite, (C) chalcopyrite and (D) iron sulphates. 
Abbreviations: Py, pyrite; Cpy, chalcopyrite; Ms, muscovite; Chl, 
chlorite; Qz, quartz; Bar, barite; FeOx, iron oxides; FeSulf, iron 
sulphate. 
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S content (i.e., S = 10.52%) and coarse particles of 
liberated pyrite thus supporting its classification in the 
high-risk field.  

According to the modified Ficklin graphic (Figure 7), 
shallow samples (i.e., T2S1, T3S1, T4S1) were plotted as 
intermediate risk of ARD, indicating that top oxidized 
layer has lower metal leaching risk when compared to 
deeper sediments. The majority of samples returned high 
risk of ARD and metal leaching. Two samples with low 
pyrite content, T3S2 and T4S3 (S < 0.33%) are plotted in 
the high-risk field, indicating these samples are metal 
rich. 
 
Further studies  
 
This paper is part of the PhD project “Geoenvironmental 
characterisation of historic mine tailings: Evaluating 
opportunities for reprocessing”. Further investigation is 
necessary to corroborate some of the assumptions made 
in this paper and for a better understanding of the tailings 
stored within the King River delta. For this, twenty 
trenches were excavated, and 100 samples collected 
within the delta. Similar analysis will be undertaken, and 
more characterisation techniques will be utilized (XRD, 
MLA, leach testing and LA-ICPMS) as well as the 
development of an automated sulphide alteration index.  

The numerous tailings dumps and storage facilities 
around the world are likely to contain minable 
concentrations of valuable metals (Parbhakar-Fox 2016). 
For example, recent work has identified metal resources 
in regulated and monitored mine waste at Century Mine 
(Australia), Hellyer Gold Mine (Australia) and DRD Gold 
(South Africa). The current results of our research 
suggest that unregulated legacy dumps, such as those in 
the King River Delta and at other sites, e.g. Portman Bay 
(Gómez-García et al. 2015;Peña et al. 2013), can be 
evaluated for their metals reprocessing potential in the 
future.  
 
Conclusions 
 
Shear wave velocity and apparent resistivity geophysical 
models identified variations in tailings saturation towards 
the shoreline and constrain salt water and bedrock 
interfaces. The delta is formed by a top oxidized crust, 
composed mostly by liberated pyrite whilst deeper 
sediments have liberated and encapsulated pyrite. Iron 
oxide and sulphate rims are visible by backscattered 
images confirming the high oxidation at the uppermost 
layer. All the samples are acid forming at some extent and 
the high content of heavy metals at depth make this zone 
prone to metal leaching. Preliminary studies on pyrite 
texture, showed the direct influence of this parameter on 
acid formation as demonstrated by Parbhakar-Fox et al. 
(2011)   
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Abstract. The development and application of new 
technologies to reduce greenhouse gas (GHG) emissions 
and stabilize mine tailings will be beneficial for the mining 
industry and society.  Ultramafic tailings can sequester 
carbon dioxide (CO2) from the atmosphere and from 
industrial sources at ambient temperature and pressure if 
they contain highly reactive minerals such as brucite 
[Mg(OH)2], certain hydrotalcites [Mg6Fe2(OH)16Cl2·4H2O], 
and serpentine [Mg3Si2O5(OH)4].  The bulk dissolution of 
brucite and hydrotalcites, and mineral-surface dissolution 
of serpentine releases “labile magnesium” into tailings 
pore water which can then sequester CO2 through the 
precipitation of cementitious magnesium carbonate 
minerals. In the process of sequestering CO2 the 
cementitious minerals which are formed may stabilize the 
tailings and reduce the risk of a catastrophic tailings dam 
failure.  We present mine planning tools to rapidly 
calculate labile magnesium abundance throughout a 
deposit by analyzing exploration whole rock data from 
drill core.  Our analysis the Baptiste Nickel Deposit in 
Central B.C. suggests it has more than enough labile 
magnesium to potentially sequester all the CO2 that 
would be produced by mining (11.4 tCO2/kt rock mined, 
produced by haulage trucks).  Furthermore, field 
observations and preliminary laboratory testing has 
indicated that carbonation can lead to cementation which 
may in turn stabilize stored tailings. 
 
1 Introduction 
 
Reducing greenhouse gas emissions and stabilizing mine 
tailings are important for the future of the mining industry 
and for society.  The importance of stabilizing mine 
tailings is highlighted by recent events where the 
catastrophic failure of tailings dams resulted in loss of life 
and damage to the environment.  Ultramafic tailings, 
commonly produced by nickel, diamond, platinum, and 
chromium mines, can potentially become stabilized when 
they react with carbon dioxide (CO2) to form magnesium 
carbonate cement (Vanderzee et al., 2018).  This can be 
accomplished through the exposure of the tailings to 
atmospheric and/or concentrated CO2 from industrial flue 
gas.  To make this process potentially economically 
viable, we must exploit the reactivity of “labile 
magnesium” and utilize whole rock analytical data from 
exploration to delineate its whereabouts within a mine.     

We use the term labile magnesium to describe reactive 
“low-cost” magnesium cations that can be leached from 
tailings and into the pore water at ambient pressure and 
temperature.  Sources of labile magnesium include the 
bulk dissolution of brucite {Mg(OH)2} and hydrotalcite-
group minerals such as iowaite {Mg6Fe2(OH)16Cl2·H2O} 

that are typically present in trace abundance in ultramafic 
tailings (Wilson et al., 2014).  Another source of labile 
magnesium is mineral-surface leaching on the more 
abundant magnesium silicate minerals (e.g., serpentine 
{Mg3Si2O5(OH)4} (Thom et al., 2013).  Here we consider 
100% of the magnesium in brucite and hydrotalcites 
(pyroaurite), and 2.5% of the magnesium in serpentine to 
be labile (Vanderzee et al., 2019).  Once released into the 
pore water of tailings, the labile magnesium ions can 
react with dissolved CO2 species such as HCO3- to 
precipitate magnesium carbonate minerals such as 
nesquehonite {MgCO3·3H2O}, dypingite 
{Mg5(CO3)4(OH)2·5H2O} and hydromagnesite 
{Mg5(CO3)4(OH)2·4H2O}; Wilson et al., 2014). 

This process, termed “carbon mineralization”, occurs 
naturally at the Mount Keith nickel mine in Western 
Australia (Wilson et al., 2014).  Without any intervention 
or costs, 11% of Mount Keith’2s CO2 emissions were 
offset due to the uptake of CO2 from the atmosphere by 
labile magnesium–bearing tailings. Furthermore, reactive 
transport models infer that small changes in tailings 
management practices could allow the labile magnesium 
to fully react and offset up to 60% of the mine’s emissions 
(Wilson et al., 2014). 

One of the challenges with applying this process at a 
mine site to stabilize tailings and significantly offset 
greenhouse-gas emissions is that the labile magnesium 
content within a single mineral deposit, and therefore 
within mine tailings, is highly variable due to the inherent 
geological variability. The abundance and spatial 
distribution of labile magnesium throughout a mineral 
deposit can be estimated from mineral abundance data.  
However, this technique is time and cost intensive and is 
not practical for mine planning reconnaissance studies 
that can require a mineral abundance analysis of several 
tens of thousands of samples. Alternatively, the problem 
can be solved by using estimations of mineral abundance 
that can be rapidly and inexpensively computed from 
whole-rock analytical data that are routinely collected on 
drill core as part of exploration.  

In this paper, the authors apply the projection method 
of computing mineral abundance (Thompson, 1982; 
Raudsepp et al., 1999) to the whole-rock analytical data 
from exploration drill core from the Baptiste nickel deposit 
(MINFILE 093K 116; BC Geological Survey, 2018; 
Britten, 2017), which is part of the Decar nickel district in 
central British Columbia (BC) Canada.   

A concept illustration showing how labile magnesium 
can be targeted at a mine site to help offset CO2 
emissions and stabilize tailings through carbon 
mineralization is shown in Figure 1.  It should be noted 
that although the figure shows two options for promoting 
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the cement forming reactions by injecting air and/or flue 
gas into coarse and permeable tailings, other options 
exist.  These include, but are not limited to, passive 
reaction with atmospheric CO2 (naturally occurring at 
Mount Keith nickel mine), and the utilization of a CO2-
bearing gas in hydrometallurgical processes.  It should 
also be noted that the kinetics of this process are 

enhanced by promoting the supply rate of CO2 to the 
tailings if labile magnesium is available. Therefore, it is 
intended for tailings that have sufficient buffering capacity 
relative to sulphide content such that acid rock drainage 
is not produced by increasing the exposure of tailings to 
atmospheric oxygen. 

Figure 1. Concept illustration of promoting carbon mineralization at a mine site with labile magnesium-rich, and sulphide-poor tailings. 
  
2 Results and implications  
 
2.1 Calculating labile magnesium abundance and 

CO2 sequestration potential. 
 
Brucite and serpentine are the predominant sources of 
labile magnesium in the Baptiste nickel deposit. Accurate 
estimation of their abundance is therefore important for 
estimating labile magnesium abundance. A comparison 
between the measured and calculated abundance of 
brucite and serpentine is shown in Figure 2. The first 10 
samples were used to calibrate the projection model and 
an additional 20 blind samples were analyzed after the 
projection model was built to test its accuracy. 

This projection model calculates the abundance of 
model minerals that were selected by X-ray diffraction 
studies on 10 representative Baptiste samples.  The 
projection model uses the whole-rock chemical data as 
input and then calculates the abundance of the model 
minerals that best explains the whole-rock chemical data 
(Raudsepp et al., 1999).  Figure 2 shows that the 
projection model could provide useful mineralogical 
calculations.  Where the projection model produced 
negative computed brucite abundances (1477 samples 
out of 7604), the values were set to zero.  These negative 
numbers are an indication that there are minerals (trace 
or major) present in the sample that were not accounted 
for in the model.

 

Figure 2. The measured abundance of brucite (left) and serpentine (right) versus the abundance calculated by the projection method (after 
Vanderzee et al., 2019).
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The validated projection model was applied to 7,604 
whole-rock assays from the Baptiste deposit to assess 
the heterogeneity in mineralogy and therefore 
heterogeneity in labile magnesium content.  Histograms 
of calculated brucite and serpentine content within the 
Baptiste deposit are shown in Figure 3. Although more 
than 25% of the deposit is calculated to have no brucite, 
75% contains brucite ranging from trace amounts to over 
10 wt.%. Serpentine dominates the mineralogy of all 
samples.        

Figure 3. Histogram of the abundance of brucite and serpentine 
calculated by the projection model across the Baptiste nickel 
deposit. Samples described as waste rock or dikes in the 
geochemistry dataset were omitted. The mean brucite and 
serpentine content is 1.8 wt. % and 88.8 wt. % respectively (after 
Vanderzee et al., 2019). 
 

The total labile magnesium content estimated from 
calculated brucite and serpentine content is plotted as 
weight percent MgO in Figure 4. This provides a 
preliminary assessment of the carbon sequestration 
capacity of mine tailings. To estimate greenhouse-gas 
emissions from mine operations, production data from the 
Mount Keith nickel mine in Western Australia, a 
serpentinite-hosted nickel deposit was used. At Mount 
Keith, natural gas is used to generate electricity for the 
ore processing facility. This accounted for ~66% of their 
CO2 emissions and diesel-powered mining haul trucks 
account for the remaining ~34% (WMC Resources Ltd., 
2002). In total, the mine produced 33.6 t CO2/kt rock 
mined (Wilson et al., 2014); therefore, mines that use 
renewable or low-carbon energy sources still need to 
sequester 11.4 t CO2/kt rock mined to be GHG neutral 
due to emissions from the haul truck fleet. From these 
data, it can be estimated that an average of 1.3 wt. % 
labile MgO is sufficient to make an open-pit nickel mine 
carbon neutral assuming hydroelectricity is used, and 3.9 
wt. % labile MgO if natural gas is used for electricity 
generation. The Baptiste nickel mine is located near 
hydroelectric infrastructure; therefore, an estimated 
average of 1.3 wt. % labile MgO would provide sufficient 
capacity for carbon-neutral mining. Figure 4 shows that 
the projection model calculations give an average labile 
magnesium content of 2.3 wt. %. This suggests that the 
Baptiste deposit has more than enough carbon 

sequestration capacity from labile magnesium to become 
a carbon neutral mine.  Finally, if carbon mineralization 
efforts are focused on the most labile magnesium–rich 
tailings, only 30% of the tailings need to react with CO2 to 
make the Baptiste mine carbon neutral over its lifetime 
(Figure 5). 

These results may be typical of serpentinite-hosted 
nickel deposits. To help target the labile magnesium–rich 
areas of mineral deposits for carbon mineralization 
purposes, the authors propose using exploration 
geochemical data to make mineral abundance 
computations so that 3-D maps of labile magnesium 
(Figure 6) can be incorporated into the mine plan. 
 

  
Figure 4. Histogram of the calculated labile magnesium content of 
drill core from the Baptiste nickel deposit (after Vanderzee et al., 
2019). 
 

Figure 5. The projected CO2 emission from nickel mining versus the 
percentage of the deposit that has been mined.  The authors 
assume 1.8 Gt of rock will be mined as this represents the indicated 
reserve of the Baptiste deposit (FPX Nickel Corp., 2018).  The solid 
line represents the potential rate of carbon sequestration if the most 
labile magnesium (MgO) rich zones are prioritized (after Vanderzee 
et al., 2019).   
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Figure 6. Computed labile magnesium abundance (in wt. % MgO) in mineralized drill core sections of the Baptsite nickel deposit, central British 
Columbia.  Waste rock sections are show in grey and were excluded from labile magnesium computations (after Vanderzee et al., 2019).   
 
3 Conclusions and Future Work  
 
Our calculations suggest that the Baptiste nickel deposit 
contains enough labile magnesium to potentially 
sequester all the CO2 that would be produced by its 
mining trucks (11.4 t CO2/kt rock mined) through carbon 
mineralization. This would make Baptiste GHG neutral if 
it used hydroelectric power, which is likely to be the case 
in BC, and carbon mineralization may stabilize the tailings 
at the same time. To improve, or at least complement, the 
accuracy of the labile magnesium estimations, other 
methods of computing mineral abundance can be applied 
to Baptiste. These methods include linear programming 
(Gordon and Dipple, 1999), phase equilibria (Connolly, 
2005) and MINSQ (Herrmann and Berry, 2002). The next 
steps include thorough geotechnical testing on cemented 
tailings and investigating methods to further accelerate 
the reaction rates by promoting the transport of CO2 into 
the tailings and conducting larger field-scale experiments.  
If the laboratory work can be verified at the field scale, 
carbon mineralization could prove to be of potential 
benefit to the mining industry and society. 
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