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History of Nova Scotia Gold Mining

Nova Scotia gold production, 1861-2010

•
 

From 1861 to the mid-1940s, 
gold was produced from 64 
mining districts, yielding ~1.2 
million oz. from 3 million 
tonnes of crushed rock

•
 

Both mercury amalgamation 
and cyanidation (post-1898) 
were used to extract gold

•
 

Arsenic occurs naturally in the 
ore and surrounding wallrocks

 as arsenopyrite (FeAsS) After Bates (1987)



Canada’s Natural Resources – Now and for the Future

Tailings

Tailings disposal at the Micmac Mill & Cyanide Plant, 
Leipsigate

 
Gold District, 1904

Photo by E.R. Faribault (1904)



Human Exposure to Gold Mine Tailings @ Montague 



Human Exposure to Gold Mine Tailings @ Goldenville 

Goldenville 4X4 Rally, 2004

Goldenville 4X4 Rally, 2004

[As] ≈

 

200,000 ppm 
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Research Objectives

•
 

Determine the role of mineralogy in controlling the 
bioaccessibility of As in weathered gold mine tailings (in 
collaboration with Royal Military College and others).
► Focus on publicly accessible tailings sites used for recreation

•
 

Determine the district-scale background concentrations 
of As and Hg in soils at Montague and Goldenville.

•
 

Develop science-based guidelines to help optimize 
remediation strategies for high-As mine wastes.

•
 

Communicate key project results to the Historic Gold 
Mines Advisory Committee in Nova Scotia to help 
inform risk assessment and management decisions.
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Bioaccessibility Sampling (2005 & 2006) & Analysis

North Brookfield

Goldenville

Caribou

Montague • Collected tailings 
and forest soils 
from five mine sites

• Sampling depth:
0-5 cm (soils)
0-10 cm (tailings)

• Air dried and dry-
 sieved to <150 μm

• Chemical and 
mineralogical 
analyses  

• Bioaccessibility 
extractions (PBET)



As-Ca bearing Fe oxyhydroxide

 
reaction rim on arsenopyrite

Crystalline
scorodite

(FeAsO4

 

·2H2

 

O)

Characterization of Mineral Hosts for AsCharacterization of Mineral Hosts for As

CaS As

FeSi

Compositional maps from electron microprobe

Arsenopyrite
(FeAsS)

Amorphous 
Fe arsenate 

cement



%Arsenic Bioaccessibility (from Meunier et al. 2010)

Increasing Total As

Increasing Total As
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North Brookfield
• Roasting and chemical 

processing of arsenopyrite- 
rich gravity concentrate

Sites without Roasting
• Weathered arsenopyrite-rich tailings

Mill concentrates
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MontagueMontague

Total AsTotal As 
(mg/kg)(mg/kg) in in 

nearnear--surface surface 
tailings & soilstailings & soils

(<150 (<150 µµm size m size 
fraction)fraction)



MontagueMontague

Bioaccessible Bioaccessible 
AsAs (%)(%) in in 

nearnear--surface surface 
tailings & soilstailings & soils

(<150 (<150 µµm size m size 
fraction; data fraction; data 

from Matt Dodd, from Matt Dodd, 
Royal Roads Royal Roads 
University)University)



MontagueMontague

Bioaccessible Bioaccessible 
AsAs (mg/kg)(mg/kg) in in 
nearnear--surface surface 

tailings & soilstailings & soils

(<150 (<150 µµm size m size 
fraction; data fraction; data 

from Matt Dodd, from Matt Dodd, 
Royal Roads Royal Roads 
University)University)



MontagueMontague

Total AsTotal As (mg/kg) (mg/kg) 
vsvs

Bioaccessible AsBioaccessible As 
in nearin near--surface surface 
tailings & soilstailings & soils

((<150 <150 µµm size m size 
fraction; data from fraction; data from 
Matt Dodd, Royal Matt Dodd, Royal 
Roads University)Roads University)))
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•

 

In 2007, NRCan collected samples of the top 0-5 
cm of soil (the Public Health (PH) layer) from 46 
sites near Montague, and 39 sites near Goldenville

•

 

Samples of individual soil horizons (H, Ae, B, and 
C) were also collected from 10 sites in Montague, 
and 6 sites in Goldenville

•

 

Samples were air dried, sieved to various grain size 
fractions (<2 mm, <150 µm, <63 µm), and digested 
and analyzed for As and Hg using USEPA Method 
3050B (HNO3

 

-H2

 

O2

 

) and a modified aqua regia 
digestion (HNO3

 

-HCl, 1:1) 

•

 

Organic and inorganic carbon were measured using 
a LECO combustion analyzer

Background soil sampling
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MontagueMontague

As (mg/kg) in As (mg/kg) in 
the PH layer the PH layer 

(0(0--5 cm)5 cm)

(<2 mm size (<2 mm size 
fraction, 3050B fraction, 3050B 

digestion)digestion)



Montague: As (mg/kg) in the PH layer (0Montague: As (mg/kg) in the PH layer (0--5 cm, < 2 mm)5 cm, < 2 mm)

Near-field data from Environmental Site Assessment Report (Maritime Testing, 2009) 



Montague: Hg (Montague: Hg (µµg/kg) in the PH layer (0g/kg) in the PH layer (0--5 cm, < 2 mm)5 cm, < 2 mm)

Near-field data from Environmental Site Assessment Report (Maritime Testing, 2009) 



GoldenvilleGoldenville
As (mg/kg) in theAs (mg/kg) in the
PH layer (0PH layer (0--5 cm)5 cm)

(<2 mm, 3050B digestion)(<2 mm, 3050B digestion)



Goldenville: As (mg/kg) in the PH layer (0Goldenville: As (mg/kg) in the PH layer (0--5 cm, < 2 mm)5 cm, < 2 mm)

Near-field data from Environmental Site Assessment Report (C.J. MacLellan & Associates, 2009) 



Goldenville: Hg (Goldenville: Hg (µµg/kg) in the PH layer (0g/kg) in the PH layer (0--5 cm, < 2 mm)5 cm, < 2 mm)

Near-field data from Environmental Site Assessment Report (C.J. MacLellan & Associates, 2009) 



As in Soil Horizons at Montague and Goldenville

CCME Soil Quality Guideline for As: 12 mg/kgCCME Soil Quality Guideline for As: 12 mg/kg

Narrower range &
lower concentrations

GOLDENVILLEMONTAGUE



TOC and Hg Variation with Humus Layer Thickness

In general, thicker HIn general, thicker H--horizon = higher Hg contenthorizon = higher Hg content



TOC and As Variation with Humus Layer Thickness

Higher As content with thicker H thickness may Higher As content with thicker H thickness may 
reflect inclusion of some mineral soil in samplesreflect inclusion of some mineral soil in samples



Estimation of As threshold in PH Layer
(outer limit of background variation) 

GOLDENVILLE

MONTAGUE Range
4-273 mg/kg

98th

 

%tile
264 mg/kg

95% UPL
255 mg/kg

Range
2-140 mg/kg

98th
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121 mg/kg

95% UPL
115 mg/kg
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Objectives of Current Study
(A partnership between NRCan, Queen’s, UOttawa, Trent Univ., 

AMEC, SRK Consulting, and the Province of Nova Scotia)

•
 

Design appropriate remediation strategies for As-rich historical gold 
mine tailings in Nova Scotia that (i) prevent As concentrations 
increasing in downstream surface and groundwater, and (ii) reduce 
health risks to local residents and recreational users of these sites.

•
 

Define the geochemical and microbial controls on the stability of 
different As-hosting minerals in weathered gold mine tailings, and 
develop remediation options that can minimize the release of As 
from both oxidized and unoxidized

 
tailings deposits. 

•
 

Develop general guidelines that can be used to optimize the 
management and remediation of high-As mine wastes at active and 
abandoned gold mines across Canada, and at other sites worldwide.



NSERC Strategic Grant Project (2009-2012)

Testing of geosynthetic clay linersArsenic cycling in tailings & pore water

Column studies of 
tailings covers

Microenvironment chambers



Tailings Leaching Experiments at GSC-Atlantic

Filling lysimeters

 

in fieldCollection of four end-member tailings

“Garbage-can”

 

lysimeters Leachate

 

collection system
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Questions?Questions?

Goldenville 4X4 Rally, 2004
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