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Introduction

Environmental laws and regulations govern mining and

oil-and-gas extraction in Canada, including reclamation.

Prior to development, resource-extraction companies are

required to post a bond as a promissory that their activity

and closure will meet approved government environmental

standards. Despite the rising demand for restoration man-

agement, there is limited research on environmental resto-

ration and there are few dedicated university postgraduate

training programs in Canada to address the complexities of

ecosystem reclamation. There is a critical need to work

with the mining and oil-and-gas industries, in partnership

with governmental agencies, to develop better manage-

ment practices for successful ecosystem restoration.

The easiest way to replace soil and microbial communities

after mine closure to their full pre-closing health status (i.e.,

equivalent soil characteristics, and microbial community

composition and function), and therefore the most likely

route to achieve fully functional reclamation, would be to

simply replace the excavated topsoil with stockpiles of

these materials kept on site. Unfortunately, it is known that

microbial composition and functions degrade significantly

over time, likely depending on factors such as stockpile

depth, exposure to sun, and weather, temperature, chemical

and microbial interactions (Abdul-Kareem, 1984; Stahl et

al., 2002; Ghose and Kundu, 2004). Stockpiles can reach

up to 30 m in height and may sit for the entire duration of

mine operation, which could be decades. A major question

is, “for how long does topsoil stored in piles remain via-

ble?” In order to address this question, it is to characterize

topsoil-stockpile viability over time at various depths.

Furthermore, strategies must be developed to increase the

viability of stored stockpiles.

Current restoration plans and mine-closure proposals for

land reclamation are generally not based on sound scien-

tific evidence. They are more likely to be based on past

practice and administrative and logistical constraints. In or-

der to rectify this, optimized reclamation methods that al-

low for a more harmonious coexistence between industry

and environment are needed, and this need can be met, in

part, by research focused on understanding and mastering

ecosystem-reclamation processes.

Objectives

This project investigates factors that affect changes to soil

health in topsoil stored in stockpiles by evaluating stock-

piles at two gold operations in British Columbia (BC; Fig-

ure 1). The aim is to model changes in factors affecting soil

health and function with depth, including: microbial com-

munities, geochemical properties and the ability to support

plant growth. By characterizing these stockpiles in the field

and with greenhouse experiments, the study will improve

understanding of the role of bacteria and fungi in restora-

tion.

The working hypothesis is that the topsoil-stockpiling

practices at the New Afton mine (Figure 2) and QR mill

(Figure 3) have had adverse effects on soil properties and

that amending stockpiled topsoil with native soil promotes

restoration goals. Consequently, it is predicted that
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1) there will be significant differences in soil composition

between depths within the topsoil stockpiles;

2) the variations in composition will result in significant

differences in plant growth, with deeper soils being less

viable than shallower soils; and

3) the addition of native soil to the topsoil stockpile will re-

sult in a significant increase in plant growth and coloni-

zation by mycorrhizal fungi.

Sampling

New Afton Mine (New Gold Inc.)

The New Afton Cu-Au mine of New Gold Inc. is located

approximately 10 km west of Kamloops in BC’s southern

interior. The mine is located within the traditional territo-

ries of the Tk’emlúps and Skeetchestn Indigenous groups.

The topsoil stockpile of interest (Figure 2) is approximately

6 years old and 25 m high, and contains 250 600 m3 of top-

soil materials. Sampling of the topsoil stockpile and the

corresponding reference soil occurred during September

2018. Four soil cores were extracted from the stockpile via

solid-stem auger drilling by Geotech Drilling Services Ltd.

Soil samples were collected at various soil depths and amal-

gamated into four intervals (0–60 cm, 61–152 cm, 152–

610 cm, 610–1372 cm) until the bottom of the stockpile was

reached. The corresponding reference soil sample (0–

10 cm) was collected from an undisturbed grassland site

close to the New Afton mine.

QR Mill (Barkerville Gold Mines Ltd.)

Sampling at the QR mill of Barkerville Gold Mines Ltd. in

Cariboo, BC was completed in May 2019. Barkerville Gold

Mines has a 20-year-old, 6 m deep topsoil stockpile at the

QR mill (Figure 3). Three holes were dug using an excava-

tor to access various layers of the stockpile (0–10 cm, 10–

20 cm, 60–120 cm, 200–260 cm, 350–390 cm and 500–

575 cm). A corresponding reference soil sample (0–10 cm)

was collected in an undisturbed forest site adjacent to the

mill.
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Figure 1. Sampling locations in south-central British Columbia.

Figure 2. Location of the New Afton mine study area: a) aerial view, showing the New Afton mine boundary with the topsoil stockpile and
four sampling locations; b) auger drill used to access different layers of the topsoil stockpile for sampling; c) section of a core sample from
the topsoil stockpile.



Soil Properties Methodology

Microbial

The DNA from the soil samples was extracted using a

MagAttract PowerSoil DNA Kit (QIAGEN, Hilden, Ger-

many), and a portion of the bacterial 16S rRNA gene was

amplified by Polymerase Chain Reaction (PCR) using

primers 341F and 806R. For fungi, the primers ITS86F and

ITS4R were used to amplify the second internal transcribed

spacer of the nuclear ribosomal DNA (ITS2) region be-

tween the 5.86S rRNA and 28S rRNA genes. Amplicon li-

braries were prepared for sequencing during a second

round of PCR with indexed primers, and purified with

AgenCourt AMPure (Beckman Coulter Inc., Brea CA)

magnetic beads to remove DNA under 100 base pairs in

length. Sequencing was carried out using 400 base-pair

chemistry on an Ion Torrent S5 XL platform (Thermo

Fisher Scientific, Waltham, MA). Counts were rarefied as

outlined in McKnight et al. (2019). Operational taxonomic

units (OTU) clustering and taxonomy assignment were car-

ried out using the bioinformatic pipeline AMPtk (Palmer et

al., 2018).

Chemical

The major-element composition of soil samples was mea-

sured at the Analytical Laboratory of the Ministry of Envi-

ronment and Climate Change Strategy in Victoria, BC. The

samples were dried at 70°C for 24 hours, then sieved

through a 2 mm pan. A complete profile of Al, B, Ca, Cu,

Fe, Mg, Mn, P, K, S and Zn is being carried out. In the

Thompson Rivers University (TRU) greenhouse lab, or-

ganic matter (OM) content was measured using loss-on-ig-

nition (LOI), and pH and electrical conductivity (EC) were

determined using a Palintest® 800 meter. Additionally, C, S

and N were measured with a Thermo Scientific CHNS

Elemental Analyzer.

Greenhouse Experiment

The greenhouse trial examines whether the depth of stock-

pile soil will impact its ability to support vegetation.

Bluebunch wheatgrass is grown in pots of soil from varying

depths in the stockpiles for three months. The cores or holes

collected at the topsoil stockpiles are combined and mixed,

and each depth is replicated ten times. The plants will be an-

alyzed for dry-shoot weight, dry-root weight, shoot height,

root height, chlorophyll content and mycorrhizal fungal

colonization. Colonization will be measured using the root-

clearing and -staining methods described in Vierheilig et al.

(1998).

Data Analysis

For analyzing the effect of depth on soil geochemical and

microbial properties, a repeated measures design was used.

The cores or holes collected at the topsoil stockpiles will be

treated as replicates for analyses, except for the greenhouse

experiment, where soils were combined. All errors are re-

Geoscience BC Report 2020-01 169

Figure 3. Location of the QR mill study area: a) aerial view, showing the QR mill boundary with the topsoil stockpile and three sampling loca-
tions; b) mechanical digger used to access different layers of the topsoil stockpile for sampling; c) hole left by excavator, exposing different
layers of the topsoil stockpile.
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ported at standard error. One-way and repeated measures

ANOVAwill be used to test significance between depths. A

non-metric multidimensional scaling (NMDS) plot will be

used to understand the similarities or differences between

bacteria and fungi communities with depth. The relation-

ship between soil parameters and depth will be summarized

using principal-component analysis (PCA) in R software.

Preliminary Results

Analyses for this project are ongoing. All results reported

below are preliminary and should not be taken as complete.

The microbial-community analyses are currently in prog-

ress, so there are no results available to report.

Elements and Nutrients

Soil-nutrient profiles and elemental properties for the top-

soil stockpile at the New Afton mine, when compared to the

grassland reference soil, showed that the stockpile has no-

tably higher levels of Al, Ca, Cu, Fe, Mn, Na and available

NO3
- (Figure 4), and is higher in pH and EC (Figure 4). In

contrast, the reference soil was found to be substantially

higher in P. Significant differences (one-way ANOVA)

were observed between depths in the stockpile for Cu, Na

and NH4
+ (p = 0.006, 0.023, 0.025 and F = 6.91, 4.62, 7.12,

respectively). The 152–610 cm depth interval for Cu and

the 610–1372 cm depth interval for NH4
+ were signifi-

cantly different from all other depths, whereas the 152–

610 cm depth interval for Na was significantly different

from the 610–1372 cm interval.

Figure 5 shows the profiles for soil nutrients and elemental

properties in the topsoil stockpile at the QR mill of

Barkerville Gold Mines Ltd. The OM content in this stock-

pile varied from 5 to 10%, and the 0–10 cm depth interval

was significantly higher in OM than the other intervals (p =

0.00148, F = 7.293). The corresponding forest reference

soil fell within the range of the stockpile for OM, pH

and EC.

Discussion

Results show that some soil properties appear to change

with depth in stockpiles due to storage. For example, the

New Afton mine stockpile had higher levels of Na at the

bottom (610–1572 cm depth). In addition, a significant in-

crease in Cu occurred at 152–610 cm. Whether varying prop-

erties such as these will impact plant growth is being inves-

tigated

Interestingly, OM in the New Afton mine and QR mill

stockpiles remains generally unchanged below the 0–10 cm

depth, even after 6 and 20 years of storage, respectively. It

is hypothesized that the lower OM levels in the New Afton

mine stockpile (2%) and in the QR mill stockpile (5%)

should be sufficient for plant growth; this is currently being

evaluated in greenhouse experiments.

Another interesting finding is the significant increase in

available ammonium (NH4
+) with depth and a somewhat

parallel decrease (not significant) in available nitrate (NO3
-)

in the New Afton mine stockpile. This may indicate a
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Figure 4. [to left and above] Depth profiles (n = 4) for various analytical parameters in a topsoil stockpile at the New Afton Cu-Au mine of
New Gold Inc. and a corresponding grassland reference soil (mean ± standard error of the mean). Significance between depths denoted by
* (p <0.05) or ** (p <0.01).



change to anaerobic conditions at the bottom of the stock-

pile, since NO3
- can be reduced to NH4

+ in the absence of

oxygen (Buresh and Patrick, 1978).

Although statistical significance is shown with some analy-

ses, it should be noted that, with only four replicates (cores)

from the New Afton mine and three replicates (holes) from

the QR mill, the power of this significance, as determined

from a one-way ANOVA, is limited.

Overall, results indicate that there do not seem to be any

substantial indicators, based on the preliminary chemical

and nutrient profiles of the two stockpiles, that either would

be unfit for use in revegetation during reclamation, particu-

larly with respect to OM content. Major-element and nutri-

ent measurements are being completed for the QR mill

samples, allowing for additional analyses. For both the

New Afton mine and QR mill soil samples, analysis of total

C, H, N and S, the greenhouse experiment and microbial

analysis are in progress.

Conclusions

This research provides new information on post-mining

reclamation, with an emphasis on above-ground–below-

ground linkages, thus potentially allowing industry to im-

prove reclamation practices. The project addresses knowl-

edge gaps in industry by exploring the compositional na-

ture of topsoil stockpiles and their ability to facilitate post-

mining revegetation.
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Figure 5. Depth profiles (n = 3) for various analytical parameters in a topsoil stockpile at the QR mill of Barkerville Gold Mines Ltd. and a cor-
responding forest reference soil (mean ± standard error of the mean). Significance between depths denoted by ** (p <0.01).


