
A P P E N DI X  E

Table of International Standards Related  
to Human Rights at the Marlin Mine

International Human Right Instruments International Good Practice Standards and Guidance  GRI (G3 & MMSS) Indicators DIHR Indicators

Consultation

Assessment C1: 
Consultation with 
indigenous peoples

ILO Convention 169, 
Articles 6, 7 and 15(2)

UN Declaration on the Rights 
of Indigenous Peoples, 
Articles 18, 19 and 32(2)

IFC Operational Directive 4.20 on Indigenous 
Peoples (1991), paragraph 15(d)

IFC Performance Standard 7 on Indigenous 
Peoples (2006), paragraph 9

ICMM Position Statement on Mining and 
Indigenous Peoples (2008), commitments 3, 7 and 9

Disclosure on Management Approach – 
Human Rights (Indigenous peoples rights)

MM5: Total number of operations taking 
place in or adjacent to Indigenous Peoples’ 
territories, and number and percentage of 
operations where there are formal agreements 
with Indigenous Peoples’ communities

DIHR 39, 215, 
217, 231

Assessment C2:  
Ongoing consultation 
and disclosure of 
information

International Covenant on Civil 
and Political Rights, Article 19

American Convention on 
Human Rights, Article 13

IFC Performance Standard 1 on Social and 
Environmental Assessment and Management 
Systems, paragraphs 19 – 22; Performance Standard 
#4 on Community Health, Safety and Security, 
paragraph 5, Performance Standard 5 on Land 
Acquisition and Voluntary Resettlement, paragraph 9

ICMM Sustainable Development 
Framework, Principles 9 and 10

OECD Guidelines for Multinational 
Enterprises, Section III

MMSS Standard Disclosures 4.14 – 4.17

SO1: Nature, scope, and effectiveness 
of programs and practices that assess 
and manage the impacts of operations 
on communities (including relevant 
community engagement processes)

DIHR 25, 26, 28, 
29, 35, 36, 38, 39, 
53, 59, 119, 165, 
167, 168, 217, 
219, 229, 230, 231
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International Human Right Instruments International Good Practice Standards and Guidance  GRI (G3 & MMSS) Indicators DIHR Indicators

Land Acquisition

Assessment L1:  
Fairness, equity 
and transparency 
in land acquisition

Universal Declaration of Human 
Rights (1948), Article 17

American Convention on 
Human Rights, Article 21

Convention on the Elimination on 
All Forms of Discrimination against 
Women (1979), Articles 15 and 16

IFC Operational Directive 4.30, paragraphs 14-16 
and IFC Performance Standard 5, paragraph 8

ICMM, “Human Rights in the Mining & 
Metals Industry: Overview, Management 
Approach and Issues,” p. 20; ICMM Sustainable 
Development Framework, Principle 3

EC1: Direct economic value generated and 
distributed, including land use payments

DIHR 24, 36, 119, 
213, 214, 217

Assessment L2: 
Long-term impacts 
of land sales

Universal Declaration of Human 
Rights (1948), Article 25

International Covenant on 
Economic, Social and Cultural 
Rights (1966), Articles 11 and 12

ILO Social Policy (Basic Aims 
and Standards) Convention 
(C117, 1962), Article 4 

IFC Performance Standard 1 on Social and 
Environmental Assessments; Performance 
Standard 5 on Land Acquisition and 
Involuntary Resettlement, paragraph 20 and 
21 (and its predecessor, Operational Directive 
4.30); and Performance Standard 7 on 
Indigenous Peoples, paragraph 12 and 13

SO1: Nature, scope, and effectiveness 
of programs and practices that assess 
and manage the impacts of operations 
on communities (including relevant 
community engagement processes)

MM9: Sites where resettlements took place, the 
number of households resettled in each, and 
how their livelihoods were affected in the process

DIHR 24, 26, 
35, 52

Assessment L3:  
Collective land rights

ILO Indigenous and Tribal Peoples 
Convention (C169, 1989), Part II

UN Declaration on the Rights of 
Indigenous Peoples, 25 – 30 and 32

IFC Performance Standard 7 on Indigenous 
Peoples, paragraphs 12 – 14

ICMM Position Statement on Mining and 
Indigenous Peoples, Recognition Statements 
3 and 4, and Commitments 6 and 7

MM6: Number and description of significant 
disputes relating to land use, customary rights 
of local communities and Indigenous Peoples

DIHR 52, 119, 131, 
213, 214, 215, 
216, 217, 229, 230
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International Human Right Instruments International Good Practice Standards and Guidance  GRI (G3 & MMSS) Indicators DIHR Indicators

Environment

Assessment E1:  
Water

International Covenant on 
Economic, Social and Cultural 
Rights, Article 11 and 12

American Convention on Human 
Rights, Article 21 and 26 and Additional 
Protocol in the Area of Economic, 
Social and Cultural Rights, Articles 11

Convention on the Elimination of 
All Forms of Discrimination Against 
Women (CEDAW), Article 14(2)(h)

Convention on the Rights of 
the Child, Article 24(2)(c)

Committee on Economic, Social and 
Cultural Rights, General Comment 15

UN Declaration on the Rights of 
Indigenous Peoples, Article 29

IFC Performance Standards 1 on Social and 
Environmental Assessment and Management 
Systems, 3 on Pollution Prevention and 
Abatement, 4 on Community Health, Safety and 
Security and 6 on Biodiversity Conservation and 
Sustainable Natural Resource Management

IFC General EHS Guidelines and Environmental, 
Health and Safety Guideline for Mining Industry:

Global Compact Principles 7 and 8

ICMM Sustainable Development 
Framework, Principles 4 to 7

OECD Guidelines for Multinational 
Enterprises, Section V

Disclosure of Management 
Approach – Environmental

EN8: Total water withdrawal by source

EN9: Water sources significantly 
affected by withdrawal of water

EN10: Percentage and total volume 
of water recycled and reused

EN21: Total water discharge by 
quality and destination

EN22: Total weight of waste by 
type and disposal method

MM3: Total amounts of overburden, rock, 
tailings and sludges and associated risks

EN23: Total number and volume 
of significant spills

EN24: Weight of transported, imported, 
exported, or treated hazardous waste

EN25: Water bodies and related 
habitats significantly affected by 
discharges or water and runoff

EN28: Fines and sanctions for non-compliance 
with environmental laws and regulations

EN30: Total environmental protection 
expenditures and investments

DIHR 23, 28, 29, 
161, 162, 166, 
167, 168, 216
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International Human Right Instruments International Good Practice Standards and Guidance  GRI (G3 & MMSS) Indicators DIHR Indicators

Assessment E2: 
Human Health 
and Well-being

Universal Declaration of Human 
Rights, Articles 17 25(1)

International Covenant on 
Economic, Social and Cultural 
Rights, Articles 11 and 12

American Convention on Human 
Rights, Article 21 and 26 and Additional 
Protocol in the Area of Economic, Social 
and Cultural Rights, Articles 10 and 11

International Convention on the 
Elimination of All Forms of Racial 
Discrimination, Article 5

Convention on the Elimination of 
All Forms of Discrimination against 
Women, Articles 11, 12 and 14

Convention on the Rights of 
the Child, Article 24 and 27

General Comments 4 and 14 of 
the Committee on Economic, 
Social and Cultural Rights

UN Declaration on the Rights of 
Indigenous Peoples, Article 29

IFC Performance Standards 1 on Social and 
Environmental Assessment and Management 
Systems, 3 on Pollution Prevention and 
Abatement, 4 on Community Health, Safety and 
Security and 6 on Biodiversity Conservation and 
Sustainable Natural Resource Management

IFC General EHS Guidelines and Environmental, 
Health and Safety Guideline for Mining Industry

Global Compact Principles 7 and 8

ICMM Sustainable Development 
Framework, Principles 4 to 7

OECD Guidelines for Multinational 
Enterprises, Section V

MM1: Amount of land disturbed or rehabilitated

LA8: Education, training, counseling, 
prevention and risk-control programs 
to assist family members or community 
members regarding serious diseases

DIHR 23, 29, 
30, 161 – 168, 
199, 219

Assessment E3: 
Post-closure

Same as E1 and E2 above ICMM, “Planning for Integrated 
Mine Closure: Toolkit”

ICMM, “Financial Assurance for Mine 
Closure and Reclamation”

Disclosure of Management Approach – 
Environmental / Society (Closure Planning)

MM10: Number and percentage of 
operations with closure plans

MM1: Amount of land disturbed or rehabilitated

EN13: Habitats restored

DIHR 37, 219
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International Human Right Instruments International Good Practice Standards and Guidance  GRI (G3 & MMSS) Indicators DIHR Indicators

Labour

Assessment L1: 
Right to work

Universal Declaration of Human 
Rights, Article 23(1)

ILO Declaration of the Fundamental 
Principles and Rights at Work

Freedom of Association and Protection 
of the Right to Organise Convention, 
1948 (No. 87); Right to Organise and 
Collective Bargaining Convention, 1949 
(No. 98); Forced Labour Convention, 
1930 (No. 29); Abolition of Forced 
Labour Convention, 1957 (No. 105); 
Minimum Age Convention, 1973 
(No. 138); Worst Forms of Child 
Labour Convention, 1999 (No. 182); 
Equal Remuneration Convention, 
1951 (No. 100); and Discrimination 
(Employment and Occupation) 
Convention, 1958 (No. 111)

International Covenant on Economic, 
Social an Cultural Rights, Article 6

American Convention on Human 
Rights, Article 26 and additional 
protocol on economic, social 
and cultural rights, Article 6

ILO Convention 169, Articles 
15(2), 20(1) and (2)

UN Declaration on the Rights of 
Indigenous Peoples, Article 17

Global Compact, Principles 4, 5 and 6

IFC Performance Standard #2 on Labor and 
Working Conditions, paragraphs 6, 11, 14 and 15

OECD Guidelines for Multinational Enterprises, 
General Policy 4 and Section IV, 1(b)–(d) and 5

Global Compact, Principle 2  
(non-complicity re: contractors)

Disclosure of Management Approach 
– Labour / Human Rights

LA1: Total workforce by employment 
type, employment contract and region

LA2: Total number and rate of employee 
turnover by age group, gender and region

LA11: Programs for skills management 
and lifelong learning that support the 
continued employability of employees and 
assist them in managing career endings

LA13: Breakdown of employees according 
to gender, age group, minority group 
membership and other indicators of diversity

EC7: Procedures for local hiring

HR4: Total number of incidents of 
discrimination and actions taken

HR6 and HR7: Operations identified 
as having significant risk of child or 
forced labour and measures taken

HR2: Percentage of significant contractors that 
have undergone screening on human rights

EC6: Spending on locally-based suppliers

DIHR 56, 75, 83, 
85, 86, 88, 90, 
92 – 95, 103, 
115, 116, 122, 
123, 130, 149, 
222, 228, 244, 
276, 297 – 302, 
304 – 308, 333

Assessment L2:  
Just and favourable 
conditions of work

Universal Declaration of Human 
Rights, Article 23(1) – 23(3) and 24

ILO Declaration of the Fundamental 
Principles and Rights at Work

International Covenant on Economic, 
Social an Cultural Rights, Article 7

American Convention on Human 
Rights, Article 26 and additional 
protocol on economic, social 
and cultural rights, Article 7

ILO Convention 169, Articles 20(2)

UN Declaration on the Rights of 
Indigenous Peoples, Article 17

IFC Performance Standard #2 on Labor and 
Working Conditions, paragraph 6 – 8

OECD Guidelines for Multinational 
Enterprises, Section IV, paragraph 4(a)

Global Compact, Principle 2  
(non-complicity re: contractors)

LA3: Benefits to full-time employees that are not 
provided to temporary and part-time employees

LA10: Average hours of training 
per year per employee

LA12: Percentage of employees receiving 
regular performance reviews

LA14: Ration of basic salary of men to 
women by employee category

EC5: Ratio of entry level wage 
to local minimum wage

DIHR 13 – 15, 17 
– 20, 32, 34, 42 
-51, 66 – 74, 124 
– 129, 144, 221, 
223 – 227, 275 
– 282, 297, 303, 
310, 311, 313, 
314, 316 – 329 
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International Human Right Instruments International Good Practice Standards and Guidance  GRI (G3 & MMSS) Indicators DIHR Indicators

Assessment L3: 
Safe and healthy 
conditions of work

Universal Declaration of Human 
Rights, Article 23(1)

ILO Declaration of the Fundamental 
Principles and Rights at Work 
and ILO Convention 167 on 
Occupational Health and Safety

International Covenant on Economic, 
Social and Cultural Rights, Article 7

American Convention on Human 
Rights, Article 26 and additional 
protocol on economic, social 
and cultural rights, Article 7

ILO Convention 169, 
Article 20(2) and (3)

UN Declaration on the Rights of 
Indigenous Peoples, Article 17

IFC Performance Standard #2 on Labor and 
Working Conditions, paragraph 16

OECD Guidelines for Multinational Enterprises, 
Section IV, paragraph 4 and Section V, paragraph 7

LA6: Percentage of total workforce 
represented in formal joint management-
worker health and safety committees

LA7: Rates of injury, occupational 
diseases, lost days, absenteeism and 
number of work-related fatalities

LA8: Education, training, counseling, prevention 
and risk-control programs to assist workforce 
members regarding serious diseases

LA9: Health and safety topics covered in 
formal agreements with trade unions

DIHR 138, 139, 
145, 146, 148, 150 
– 160. 296, 331

Assessment L4: 
Mechanisms to 
protect workers rights

Universal Declaration of Human 
Rights, Article 23(4)

ILO Declaration of the Fundamental 
Principles and Rights at Work

International Covenant on Economic, 
Social an Cultural Rights

American Convention on Human 
Rights, Article 26 and additional 
protocol on economic, social 
and cultural rights, Article 8

ILO Convention 169, 
Articles 20(2) to (4)

UN Declaration on the Rights of 
Indigenous Peoples, Article 17

Global Compact, Principle 3

IFC Performance Standard #2 on Labor and 
Working Conditions, paragraph 9, 10 and 13

OECD Guidelines for Multinational 
Enterprises, General Policies 9 and Section 
IV, paragraphs 1(a), 2, 3, 6, 7 and 8

Global Compact, Principle 2  
(non-complicity re contractors)

LA4: Percentage of employees covered 
by collective bargaining agreements

LA5: Minimum notice periods 
regarding operational changes

MM4: Number of strikes and lock-outs 
exceeding one week’s duration

HR5: Operations identified in which 
freedom of association and collective 
bargaining may be at significant risk, and 
actions taken to support these rights

DIHR 84, 128, 
149, 152, 153, 
244, 245, 246, 
247, 296, 299, 
302, 330, 332
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International Human Right Instruments International Good Practice Standards and Guidance  GRI (G3 & MMSS) Indicators DIHR Indicators

Security

Assessment S1: 
Interaction with 
public security forces

Universal Declaration of Human 
Rights (1948), Article 3, 5, 20, 23(4)

International Covenant on Civil 
and Political Rights (1966), 
Article 6, 7, 9, 21 and 22

International Covenant on 
Economic, Social and Cultural 
Rights (1966), Article 8

Convention against Torture and 
Other Cruel, Inhuman or Degrading 
Treatment or Punishment (1984), 
Articles 2 (1), 4 and 10

UN Basic Principles on the Use 
of Force and Firearms by Law 
Enforcement Officials (1990)

UN Code of Conduct for Law 
Enforcement Officials (1979)

UN Declaration on the Rights of 
Indigenous Peoples, Article 7

Voluntary Principles on Security and 
Human Rights, Parts 1 and 2

IFC Performance Standard #4 on Community 
Health, Safety and Security, paragraphs 14 and 15

Global Compact, Principle 2  
(non-complicity re: public security forces)

Disclosure of Management Approach 
– Human Rights (Security)

DIHR 100, 200, 
206, 207, 248
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International Human Right Instruments International Good Practice Standards and Guidance  GRI (G3 & MMSS) Indicators DIHR Indicators

Assessment S2: 
Interaction with 
private security firms

Universal Declaration of Human Rights 
(1948), Article 3, 5, 12, 20, 21, 23(4)

International Covenant on Civil 
and Political Rights (1966), 
Article 6, 7, 9, 17, 21 and 22

International Covenant on 
Economic, Social and Cultural 
Rights (1966), Article 8

Convention against Torture and 
Other Cruel, Inhuman or Degrading 
Treatment or Punishment (1984), 
Articles 2 (1), 4 and 10

UN Basic Principles on the Use 
of Force and Firearms by Law 
Enforcement Officials (1990)

UN Code of Conduct for Law 
Enforcement Officials (1979)

UN Declaration on the Rights of 
Indigenous Peoples, Article 7

ILO Convention 169, 
Articles 3 and 20(3)

ILO Occupational Safety and 
health Convention (C155, 
1981), Articles 4 and 5

Voluntary Principles on Security and 
Human Rights, Parts 1 and 3

IFC Performance Standard #4 on Community 
Health, Safety and Security, paragraphs 13 and 15

Global Compact, Principle 2  
(non-complicity re: private security firms)

Disclosure of Management Approach 
– Human Rights (Security)

HR8: Percentage of security personnel 
trained in the organization’s policies or 
procedures concerning aspects of human 
rights that are relevant to operations

DIHR 83, 99, 102 
– 104, 107 – 109, 
195 – 197, 201, 
204, 205, 208, 
209, 254, 258, 
259, 269, 270, 285

Social Investment

Assessment SI1: 
Direct payments 
to government

International Covenant on Economic, 
Social and Cultural Rights

American Convention on Human 
Rights, Article 26 and Additional 
Protocol in the Area of Economic, 
Social and Cultural Rights

ILO Convention 169, Article 15(2)

OECD Guidelines for Multilateral Enterprises, 
General Policies #1; Section X “Taxation”

ICMM Sustainable Development Framework, 
Principle 9, ICMM Position Statement on 
Mining and Partnerships for Development 
and ICMM Position Statement on Mining 
and Indigenous Peoples, Commitment #7

Additional standards for combating corruption 
and promoting transparency of payments 
to governments: Global Compact, Principle 
10 and ICMM SD Framework, Principle 1, 
Extractive Industry Transparency Initiative, 
OECD Guidelines for Multinational Enterprises, 
Section VI “Combating Bribery”.

Disclosure of Management Approach 
– Economic / Human Rights

EC1: Direct economic value 
generated and distributed

EC6: Spending on locally-based suppliers

EC8: Development and impact of 
infrastructure investments and services

EC9: Significant indirect economic impacts

SO2 – SO6: Anti-corruption and 
public policy practices

HR1: Significant investment agreements 
that include human rights clauses or that 
have undergone human rights screening

DIHR 215
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International Human Right Instruments International Good Practice Standards and Guidance  GRI (G3 & MMSS) Indicators DIHR Indicators

Assessment SI2:  
Local development 
projects

Universal Declaration of Human 
Rights, Articles 23, 25, 26

International Covenant on 
Economic, Social and Cultural 
Rights, Articles 6, 11, 12, 13

Additional Protocol to the American 
Convention on Human Rights in 
the Area of Economic, Social and 
Cultural Rights, Articles 6, 10,13

ILO Convention 169, Articles 15(2)

OECD Guidelines for Multilateral 
Enterprises, General Policies #1

ICMM Sustainable Development Framework, 
Principle 9; ICMM Position Statement on 
Mining and Partnerships for Development; 
and ICMM Position Statement on 
Indigenous Peoples, Commitment #7

IFC Performance Standard #7 on 
Indigenous Peoples, paragraph 10

UN Global Compact and UNIFEM 
Women’s Empowerment Principles #6

UN Common Approach on Human-Rights 
Based Approaches to Development

Disclosure of Management Approach 
– Economic / Human Rights

EC8: Development and impact of 
infrastructure investments and services

DIHR 215

Assessment SI3: Social 
investment to address 
negative impacts

All the human rights that are at risk of 
negative impact, as identified above

ILO Convention 169, Article 15(2)

IFC Performance Standard 1: Social and 
Environmental Assessment and Management 
Systems, paragraph 13-16 and Performance 
Standard #7 on Indigenous Peoples, paragraph 8

ICMM Sustainable Development Framework, 
Principle 3 and ICMM Position Statement on 
Mining and Indigenous Peoples, paragraph 6

SO1: Nature, scope, and effectiveness of 
programs and practices that assess and manage 
the impacts of operations on communities

MM10: Number and percentage of 
operations with closure plans

DIHR 27, 38, 39, 
118, 52, 59, 215, 
219, 230, 231
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International Human Right Instruments International Good Practice Standards and Guidance  GRI (G3 & MMSS) Indicators DIHR Indicators

Access to Remedy

AR1: Access 
to remedy

Universal Declaration of 
Human Rights, Article 8

International Covenant on Civil 
and Political Rights, Article 2

American Convention on 
Human Rights, Article 25

Declaration of Basic Principles 
of Justice for Victims of Crime 
and Abuse of Power, General 
Assembly resolution 40/34

Basic Principles and Guidelines 
on the Right to a Remedy and 
Reparation for Victims of Gross 
Violations of International Human 
Rights Law and Serious Violations 
of International Humanitarian Law, 
General Assembly resolution 60/147

ILO Convention 169, Article 12

UN Declaration on the Rights of 
Indigenous Peoples, Article 28

ICMM “Human Rights in the Mining & 
Metals Industry: Handling and Resolving 
Local Level Concerns & Grievances”

IFC Performance Standard #1 on Social and 
Environmental Assessment and Management 
System, paragraph 23; Performance 
Standard 5 on Land Acquisition and 
Voluntary Resettlement, paragraph 10

IFC Practice Note on “Addressing Grievances 
from Project-Affected Communities”

Disclosure of Management Approach – 
Human Rights (Grievance Mechanisms)

MM7: The extent to which grievance 
mechanisms were used to resolve dispute 
relating to land use, customary rights 
of local communities and Indigenous 
Peoples, and the outcomes

SO8: Fines and sanctions for non-
compliance with laws and regulations

DIHR 23, 29, 
36, 39, 52, 166, 
168, 208, 219

AR2: Use of 
legal System

Universal Declaration of Human 
Rights, Articles 9 - 11

International Covenant on Civil and 
Political Rights, Articles 9 and 14

American Convention on 
Human Rights, Article 8

ICMM “Human Rights in the Mining & 
Metals Industry: Handling and Resolving 
Local Level Concerns & Grievances”

IFC Practice Note on “Addressing Grievances 
from Project-Affected Communities”

Disclosure of Management Approach – 
Human Rights (Grievance Mechanisms)

DIHR 1, 2, 3, 
4, 7, 8, 10.
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ABSTRACT 
 
We report on recent geoscience data collected by the Geological Survey of 

Canada in collaboration with Northwest Territories Geoscience Office and Carleton 
University.  Fifty sediment-water interface samples from 19 lakes were collected between 
July and August 2009 along a 90 km east-west transect and analyzed for grain size, 
organic matter, nutrients, and metals.  The work was undertaken to establish a dataset to 
contribute to the determination of natural variability of arsenic in freshwater sediments in 
the Yellowknife area, Northwest Territories.  Geochemistry results of lake sediments are 
compared to previous work, bedrock geochemistry where available, and the Canadian 
Council of Ministers of the Environment Interim Sediment Quality Guidelines and 
Probable Effects Levels for the Protection of Aquatic Life.  Concentrations of arsenic in 
bulk lake sediment samples are elevated above Interim Sediment Quality Quidelines and 
Probable Effects Levels in lakes located west of the City of Yellowknife.  These lakes 
occur on granitoid bedrock, which contain low arsenic relative to other bedrock types in 
the study region.  The spatial pattern of arsenic in lake sediments is consistent with aerial 
dispersion of emitted particulates from mine smelting point sources and transportation by 
prevailing winds west of the City of Yellowknife. 
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1. INTRODUCTION 
 

Particles and elements emitted from anthropogenic sources may be deposited 

close to their origin or transported large distances.  Their spatial distribution in the 

environment is affected by prevailing wind, humidity, fog, precipitation, temperature, and 

landscape morphology (Schroeder et al. 1987; Schroeder and Lane 1988).  Metals 

deposited in lakes may be scavenged from the water column to surface sediments by 

various geochemical processes (Murray 1975; Tessier et al. 1996).  Lake sediments can 

also behave as a source of metals to the water column under certain redox conditions 

(Andrade et al. 2010).  Thus, while concentrations of dissolved metal-species in sediment 

porewater and surface water are a measure of mobility, and potential accessibility to 

biota, total metal concentration of lake sediments can represent a source of metals to 

aqueous phases (Walker et al. 2005).  Geochemical characterization of lacustrine 

sediments is therefore a useful tool for monitoring concentrations of elements of concern 

in the environment and assessing the potential for interaction with biota (Sanei et al. 

2010).  The spatial distribution of metals in lake sediments can also provide information 

on the source and transport mechanisms of elements of concern to lakes and provides a 

means to survey geochemical distributions in a region (Sanei et al. 2010). 

Arsenic is a metalloid that is toxic to both plants and animals due to its affinity for 

proteins, lipids, and other cellular components (Harrington et al., 1980; Spehar et al. 

1980).  Adverse health effects to humans associated with chronic exposure to arsenic 

include cardiovascular and neurological effects and neoplasms.  Arsenic is an element of 

concern near the City of Yellowknife, Northwest Territories (N.W.T.), due to historical 

release of thousands of kilograms of arsenic trioxide particulates to the atmosphere by 
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nearly a century of gold mining activities (MacDonald 1997; SRK Consulting 2002).  

The concentration of arsenic in lake sediments near the City of Yellowknife is elevated 

relative to the rest of Canada due to bedrock geology (Webster, 1999; Ollson, 1999) and 

the anthropogenic releases of this element to the environment.  Consequently, numerous 

studies have measured the concentration of arsenic and other metals in a variety of 

substrates, including water, lake sediments, soil, snow, trees, fungi, garden produce, and 

animals, in the Yellowknife region (Wageman et al., 1978; Hutchinson et al., 1982; 

Murdoch et al., 1989; Bright et al., 1996; Jackson et al., 1996; Koch et al., 2000; 

Risklogic, 2002; Andrade et al., 2010).  However, only limited attention has been placed 

on sites outside of mine lease areas or known mine discharge pathways and consequently, 

little data on baseline sediment and water quality exists for the region surrounding the 

City of Yellowknife (Murdoch et al., 1989; Bright et al., 1996; Risklogic, 2002; Andrade 

et al., 2010).  The objective of this study is to investigate the spatial pattern of arsenic in 

lake sediments in the Yellowknife area to contribute to an understanding of baseline 

geochemistry for the region and to provide data that may be used to define a zone of 

anthropogenic impact. 

 

2. STUDY AREA 
 

The City of Yellowknife and surrounding area is located in the southwestern 

Slave Geological province, District of Mackenzie.  Elevation of the region ranges from 

157 m above mean sea level (Great Slave Lake) and rises gradually to 350 to 400 m north 

of 63° (Fig. 1).  Much of the terrain near Yellowknife is low relief and consists of rocky 

outcrops with glacial and glaciolacustrine sediments in topographic lows.  The 
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Yellowknife River is the main component of the drainage system for the area.  Its 

southern outlet flows into Yellowknife Bay, Great Slave Lake.  Many lakes east of 

Yellowknife lie within the Cameron River-Prelude Lake drainage system.  Drainage in 

the region is influenced by bedrock structure; numerous small elongate lakes have formed 

along fault and joints in the bedrock. 

 The study area occurs south of the treeline and within the Taiga Shield Ecozone 

(TSE).  The climate of the TSE is continental.  Mean annual precipitation is low (175 mm 

to 200 mm) and May to September is the period of maximum rainfall.  Winter 

temperatures are cold (mean daily January temperature -17.5 °C to -27.5 °C).  Mean daily 

July temperatures range from 7.5 °C to 17.5 °C (unknown observation period; 

Wiken, 1986).  Prevailing wind direction changes seasonally.  It is predominantly from 

the NW from January to March and from the SE from May to September (observation 

period 1971-2000; Environment Canada 2010).  Vegetation in the study region consists 

of lichen woodlands dominated by black spruce (Picea mariana (P. Mill.) B.S.P.) with 

alder (Alnus P. Mill.), willow (Salix L.), and larch (Larix P. Mill.) in fens and bogs.  

Open mixed associations of white spruce (Picea glauca Moench), balsam fir 

(Abies balsamea (L.) P. Mill.), and trembling aspen (Populus tremuloides Michx.) also 

occur (Wiken, 1986). 

The bedrock of the study area is composed of components of the southern Slave 

structural province of the Canadian Shield.  In general, the bedrock consists of Archean 

felsic to mafic meta-volcanics of the Yellowknife Supergroup that include basalt, 

andesite, and pillowed flows that trend north-south through the central area of the study 

region.  East of Yellowknife, Archean meta-sedimentary rocks predominate and consist 
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of greywacke, slate, schist, and phyllite.  Yellowknife Supergroup meta-volcanics and 

meta-sedimentary rocks are intruded by younger granitoid rocks in isolated areas.  West 

of Yellowknife, granitoid intrusions, consisting of granite, granodiorite, and tonalite, 

compose the majority of the bedrock.  The region is crosscut by early Proterozoic diabase 

and gabbro dykes and several major fault lines, such as the Kam Lake Fault and the West 

Bay Fault that run through the city of Yellowknife, separating the volcanic rocks from 

younger granitoids (Yamashita and Creaser, 1999; Yamashita et al., 1999; Cousens, 

2000; Cousens et al., 2002). 

The surficial geology consists of a mosaic of Glacial Lake McConnell sediments 

and glacial tills that infill the topographic lows of the abundant bedrock outcrops.  Till 

consists of matrix-supported diamicton (Kerr and Wilson, 2000).  Clasts consist of 

various lithologies and range in size from small pebbles to large boulders.  Till in the 

Yellowknife area may be composed of up to 60% clasts, but most exposures contain 

approximately 20% to 40% (Kerr and Wilson, 2000).  Till exposures are generally 

eroded, less than 2 m thick, and form a discontinuous cover in topographic lows or on 

bedrock outcrops.  Glaciofluvial sediments are relatively uncommon in the study region, 

and where present consist of fine sand to cobbles in the forms of eskers, kames, and 

outwash (Kerr and Wilson, 2000).  A number of surficial sedimentary deposits may be 

attributed to Glacial Lake McConnell, which formed in Great Slave Lake, Great Bear 

Lake, and Athabasca Lake basins during deglaciation between 11,800 and 8,300 years 

ago (Dyke and Prest, 1989; Smith, 1994; Kerr and Wilson, 2000).  Sedimentary deposits 

of Glacial Lake McConnell consist of poorly to moderately sorted coarse to fine sand, 

silt, and clay that can be up to 20 m thick in some topographic lows (Kerr and Wilson, 
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2000).  These sediments may overlie till, outwash, or bedrock and finer grained 

sediments deposited in deep water environments, and may be overlain by sand and gravel 

deposited in regressive fluvial or littoral successions. 

Abundant gold mineralization in the Yellowknife Supergroup of the Slave 

Geological province led to the establishment of at least three major gold mines in the 

immediate vicinity of the City of Yellowknife: The Discovery Mine, Con Mine, and 

Giant Mine, that collectively operated from 1938 until 2004.  The Discovery Mine, 

located approximately 81 km northeast of Yellowknife, operated between 1950 and 1969 

and produced one million ounces of gold.  Con Mine began operation in 1938, processed 

largely free milling ore on site from 1941 until the mine was closed in 2003. The 

refractory component of Con Mine ore was roasted until 1970 when it was suspended. 

Production from the refractory ore was resumed in 1992, when the construction of an 

autoclave was completed.  Giant Mine began gold production in 1948 and roasting of ore 

commenced on site in January, 1949.  Giant Mine produced 7.6 million ounces of gold 

until 1999 when the mine owner went into receivership and ownership was transferred to 

the Government of Canada. Mining continued until mid-2004 but ore processing was 

shifted to the Con Minesite.  Due to the complex refractory mineralogy of ores in the 

Yellowknife Greenstone Belt, processing involved roasting of sulphide minerals, 

dominantly pyrite and arsenopyrite, to volatilize As and Sb and transform sulphide 

minerals into porous iron oxides of maghemite and hematite that are amenable to 

cyanidation.  An Au-rich calcine, generally high in As, Sb, Cu, Pb, and Fe, was also 

produced.  Roaster generated iron oxides produced at Giant Mine contain as much as 

68.5 wt. % As that includes both As (III) and As (V) (Clark and Raven 2005).  Roasting 



 11

of ores at Giant and Con Mines released arsenic (predominantly As2O3) particulates and 

SOx vapours directly to the atmosphere until gas cleaning technologies were applied at 

Giant Mine in 1951.  However, during the first decade of ore processing at Giant Mine, 

millions of kgs of As2O3 were nonetheless emitted to the atmosphere 

(2.6 million kg/year; MacDonald 1997; SRK Consulting 2002).  More stringent emission 

controls developed and implemented after 1958 decreased aerial emissions substantially, 

reducing release of arsenic to approximately 5700 kg/year and leading to the storage of 

237,176 tonnes of arsenic trioxide by-product at Giant Mine (MacDonald 1997; 

SRK Consulting 2002).  Overall, Giant Mine released approximately 19 million kg of 

As2O3 as aerial emissions since 1949; approximately 1 million kg was released from ore 

processing at Con Mine. 

 

3. STUDY SITES  
 

Nineteen lakes along a 90 km east-west transect through the City of Yellowknife 

were accessed from roadways for sediment collection (Fig. 1; Galloway et al., 2010).  

Sampling locations that had a vegetation buffer between the sampling site and the 

highway were preferentially selected and sample sites that were greater than 20 feet from 

shore were targeted to reduce effects of runoff on sedimentary variables.  As the sample 

sites were also being used for a study on the occurrence and distribution thecamoebians 

(arcellaceans) in Yellowknife area lakes as part of a larger study, relatively shallow 

sample sites were targeted to reduce the influence of thermal stratification that can result 

in summer bottom water dysoxia or anoxia.  One to three sites were sampled within each 

lake to assess inter-basin variability in study variables as part of a larger, ongoing study.  



 12

Fourteen study lakes (South Tibbitt and Prosperous lakes, and lakes 3 through 14) occur 

on meta-sedimentary rocks of the Yellowknife Supergroup.  Study lake 15 occurs on 

meta-volcanic rocks of the Yellowknife Supergroup and study lakes 17, 18, and 19 occur 

on granitoid bedrock west of the City of Yellowknife. 

 

4. METHODS  
 

Surface sediments were collected between July and August 2009 from a small 

boat using an Ekman Grab sampler.  The top 2 to 5 cm of sediment retrieved with the 

Ekman grab were sub-sampled for grain size, organic geochemical, element geochemical, 

and biological analyses.  Water quality variables (dissolved oxygen, temperature, and 

conductivity) were measured at one metre intervals using a YSI multi-metre probe.  

Surface water pH was measured with a hand-held pH metre.  All equipment was 

calibrated according to the manufacturer’s instructions (see Galloway et al. (2010) for 

additional information on sampling). 

Grain size was determined using a Beckman Coulter LS 13 320 Single 

Wavelength laser diffraction particle size analyzer with a measurement range between 0.4 

and 2000 μm.  Samples were pretreated with diluted hydrochloric acid, hydrogen 

peroxide and Calgon solution.  The particle size analyzer automatically yields the 

percentages of size fractions in a sample and the median and mean grain size diameter 

(the 50th percentile of the grain size distribution). 

The type and quantity of organic matter in lake sediments was determined by 

thermal volatilization of the organic constituents using Rock-Eval™ 6 pyrolysis (Vinci 

Technologies, Rueil-Malmaison, France; Lafargue et al., 1998).  Twenty milligram 
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freeze-dried bulk samples were pyrolyzed and oxidized in an inert Helium atmosphere to 

determine the amount, in milligrams hydrocarbons per grams bulk sample (mg HC/g), of 

free hydrocarbons (S1), released at 300ºC; kerogen-derived hydrocarbons (S2), released 

near 650ºC; the amount of carbon dioxide released during pyrolysis of kerogen (S3); and, 

residual carbon (RC).  The S2 carbon is generally derived from the highly aliphatic 

biomacromolecule structure of algal cell walls (Sanei et al., 2005).  The temperature at 

which S2 reaches its maximum depends on the nature and maturity of kerogen, and is 

called Tmax.  S3 is an indication of the amount of oxygen in the kerogen.  Following the 

pyrolysis stage, the sample is transferred to a second oven where residual carbon is 

oxidized.  Total organic carbon (TOC), in weight percent (wt %), is determined from the 

sum of all organic carbon released during pyrolysis and oxidation.  Analyses of standard 

reference material show that the accuracy and precision of Rock-Eval™ results to be 

greater than 5% relative standard deviation (IFP 160000, Institut Français du Pétrole and 

internal 9107 shale standard, Geological Survey of Canada, Calgary). 

Concentrations of nutrients and metals in lake sediment samples were determined 

using an ICP-OES (Inductively Coupled Plasma – Optical Emission Spectrometer) with 

an aqua regia digestion at Caduceon Laboratories, Ottawa.  Aqua regia digestion was 

selected to determine concentrations of elements that are bioavailable (e.g., are not in 

silicate mineral matrices). 

The spatial distribution of arsenic was mapped in ArcGIS® 9.3.1 using the Inverse 

Distance Weighting (IDW) algorithm with a squared distance term for interpolating 

values between measurements.  In IDW each interpolated value is a weighted average of 

surrounding data points and weights are computed as the inverse distance between a data 
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location and the location being estimated (Burrough and McDonnell, 1998).  Inverse 

distance weighting with a squared distance term produces results that are more consistent 

with original data than other similar methods (Burrough and McDonnell, 1998). 
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Fig. 1.  Map showing the location of the study area in the Northwest Territories and the locations of the study lakes. 
PL – Prosperous Lake; ST – South Tibbitt Lake 
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4. RESULTS 
 

Fifty lake sediment-water interface sediment samples were collected from 

19 lakes near Yellowknife.  Study sites ranged from N 62°33.124’ to N 62°28.007’ in 

latitude and from W 113°21.522’ to W 114° 43.603’ in longitude (Fig. 1; Table 1a).  

Field information and physical limnological characteristics are presented in 

Galloway et al. (2010), but also included here (Tables 1a and b).  All lakes were near 

neutral in pH, and ranged from 6.55 to 8.65.  Lake depth at sampling sites ranged from 

<1 m to 7 m. 
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Table 1a. Metadata and physical limnological characteristics of lake sample sites in 
the Yellowknife area 

Site name GPS co-
ordinates 

Surface 
water 
pH 

Ecosite 
characterization 

Bedrock 
geologya 

Distance 
from 
Giant 
Mine 
(km)b 

Lake 
depth 
(m) 

Substrate 

Prosperous Site 
1 

N 62º 32.420’ 
W 114º 
08.737’ 

6.55 wetland, spruce 
forest 

metasedimentary 
(ABa) 12.00 0.75 gyttja 

Prosperous Site 
2 

N 62º 32.300’ 
W 114º 
09.444’ 

6.84 spruce forest metasedimentary 
(ABa) 11.37 5 gyttja 

South Tibbitt 
Site 1 

N 62º 32.396’, 
W 113º 
21.755’ 

7.06 
wetland, birch 
woodland, 
spruce forest 

metasedimentary 
(Aa) 51.61 2 sand 

South Tibbitt 
Site 2 

N 62º 32.449’ 
W 113º 
21.522’ 

8.46 
wetland, birch 
woodland, 
spruce forest 

metasedimentary 
(Aa) 51.72 1.5 gyttja 

Lake 3 Site 1 
N 62º 30.143’ 
W 113º 
24.080’ 

8.24 wetland, spruce 
forest 

metasedimentary 
(ABa) 49.44 4 gyttja 

Lake 3 Site 2  
N 62º 30.104’ 
W 113º 
23.942’ 

8.02 wetland, spruce 
forest 

metasedimentary 
(ABa) 49.56 2 gyttja 

Lake 4 Site 1 
(Reid Lake) 

N 62º 29.397’ 
W 113º 
27.334’ 

7.97 wetland, jackpine 
woodland 

metasedimentary 
(ABa) 46.66 5 gyttja 

Lake 5 Site 1 
N 62º 30.483’ 
W 113º 
40.359’ 

7.66 wetland metasedimentary 
(ABa) 35.47 1 gyttja 

Lake 5 Site 2 
N 62º 30.466’ 
W 113º 
40.531’ 

7.82 wetland metasedimentary 
(ABa) 35.32 3 gyttja 

Lake 6 site 1 
N 62º 32.866’ 
W 113º 
57.681’ 

8.60 wetland, spruce 
forest 

metasedimentary 
(ABa) 21.28 2 gyttja 

Lake 6 Site 2 
N 62º 32.783’ 
W 113º 
57.709’ 

8.65 wetland, spruce 
forest 

metasedimentary 
(ABa) 21.22 2 gyttja 

Lake 6 Site 3 
N 62º 32.781’ 
W 113º 
57.432’ 

8.63 wetland, spruce 
forest 

metasedimentary 
(ABa) 21.45 2 gyttja 

Lake 7 Site 1 
N 62º 32.836’ 
W 113º 
56.013’ 

8.12 wetland, spruce 
forest 

metasedimentary 
(ABa) 21.65 1 

gyttja with 
plant 
remains 

Lake 7 Site 2 
N 62º 32.990’ 
W 113º 
56.424’ 

7.81 wetland, spruce 
forest 

metasedimentary 
(ABa) 22.38 4 gyttja 
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Table 1a: continued 

Site name GPS co-
ordinates 

Surface 
water 
pH 

Ecosite 
characterization 

Bedrock 
geologya 

Distance 
from 
Giant 
Mine 
(km)b 

Lake 
depth 
(m) 

Substrate 

Lake 7 Site 3 
N 62º 32.910’ 
W 113º 
56.204’ 

7.75 wetland, spruce 
forest 

metasedimentary 
(ABa) 22.53 2 gyttja 

Lake 8 Site 1 
N 62º 30.25’ 
W 113º 
38.984’ 

7.73 
wetland, birch 
woodland, 
spruce forest 

metasedimentary 
(ABa) 36.64 3 gyttja 

Lake 8 Site 2 
N 62º 30.314’ 
W 113º 
39.041’ 

7.77 
wetland, birch 
woodland, 
spruce forest 

metasedimentary 
(ABa) 36.59 3 gyttja 

Lake 8 Site 3 
N 62º 30.269’ 
W 113º 
38.980’ 

7.82 
wetland, birch 
woodland, 
spruce forest 

metasedimentary 
(ABa) 36.64 2 gyttja 

Lake 9 dock 
N 62º 31.352’ 
W 113º 
49.625’ 

8.07 wetland, spruce 
forest 

metasedimentary 
(ABa) 27.62 1 gyttja 

Lake 10 Site 1 
N 62º 31.468’ 
W 113º 
49.573’ 

7.58 wetland, spruce 
forest 

metasedimentary 
(ABa) 27.68 3 gyttja 

Lake 10 Site 2 
N 62º 31.483’ 
W 113º 
49.594’ 

7.46 wetland, spruce 
forest 

metasedimentary 
(ABa) 27.67 2 gyttja 

Lake 10 Site 3 
N 62º 31.470’ 
W 113º 
49.544’ 

7.32 wetland, spruce 
forest 

metasedimentary 
(ABa) 27.71 5 gyttja 

Lake 11 Site 1 
N 62º 32.898’ 
W 113º 
54.608’ 

7.65 wetland, spruce 
forest 

metasedimentary 
(ABa) 23.85 7 gyttja 

Lake 11 Site 2 
N 62º 32.773’ 
W 113º 
54.276’ 

7.60 wetland, spruce 
forest 

metasedimentary 
(ABa) 24.08 2 gyttja 

Lake 11 Site 3 
N 62º 32.946’ 
W 113º 
54.658’ 

7.38 wetland, spruce 
forest 

metasedimentary 
(ABa) 23.83 2 gyttja 

Lake 12 Site 1 
N 62º 32.335’ 
W 114º 
07.283’ 

7.74 wetland, spruce 
forest 

metasedimentary 
(ABa) 13.12 2 

gyttja with 
plant 
remains 

Lake 12 Site 2 
N 62º 32.367’ 
W 114º 
07.420’ 

7.82 wetland, spruce 
forest 

metasedimentary 
(ABa) 13.03 3 gyttja 

Lake 12 Site 3 
N 62º 32.379’ 
W 114º 
07.180’ 

7.70 wetland, spruce 
forest 

metasedimentary 
(ABa) 12.23 4 gyttja 
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Table 1a: continued 

Site name GPS co-
ordinates 

Surface 
water 
pH 

Ecosite 
characterization 

Bedrock 
geologya 

Distance 
from 
Giant 
Mine 
(km)b 

Lake 
depth 
(m) 

Substrate 

Lake 13 
(Pontoon Lake) 
Site 1 

N 62º 33.124’ 
W 114º 
01.608’ 

7.44 willow, spruce 
forest 

metasedimentary 
(ABa) 18.20 4 clay with 

shell hash 

Lake 13 
(Pontoon Lake) 
Site 2 

N 62º 32.995’ 
W 114º 
01.336’ 

7.84 willow, spruce 
forest 

metasedimentary 
(ABa) 18.34 3 

clay with 
plant 
remains 

Lake 13 
(Pontoon Lake)  
Site 3 

N 62º 32.837’ 
W 114º 
00.829’ 

8.23 willow, spruce 
forest 

metasedimentary 
(ABa) 18.67 5 gyttja 

Lake 14 Site 1 
N 62º 29.837’ 
W 114º 
17.289’ 

7.96 spruce forest metasedimentary 
(ABg) 3.74 3 gyttja 

Lake 14 Site 2 
N 62º 29.781’ 
W 114º 
17.352’ 

7.97 wetland, spruce 
forest 

metasedimentary 
(ABg) 3.69 1 gyttja 

Lake 14 Site 3 
N 62º 29.781’ 
W 114º 
17.277’ 

7.90 wetland, spruce 
forest 

metasedimentary 
(ABg) 3.75 2 gyttja 

Lake 15 (Great 
Slave Lake)  
Site 1 

N 62º 31.054’ 
W 114º 
19.490’ 

8.30 wetland, spruce 
forest volcanic (Aa) 2.81 1 clay 

Lake 15 (Great 
Slave Lake)  
Site 2 

N 62º 30.879’ 
W 114º 
19.479’ 

7.85 wetland, spruce 
forest volcanic (Aa) 2.58 1 clay 

Lake 15 (Great 
Slave Lake) 
Site 3 

N 62º 30.871’ 
W 114º 
19.474’ 

7.86 wetland, spruce 
forest volcanic (Aa) 2.58 1 clay 

Lake 16 Site 1 
N 62º 27.600’ 
W 114º 
38.069’ 

7.88 wetland, spruce 
forest granitoid (Ad) -14.76 2 gyttja 

Lake 16 Site 2 
N 62º 27.668’ 
W 114º 
38.227’ 

7.77 wetland, spruce 
forest granitoid (Ad) -14.86 3 gyttja 

Lake 16 Site 3 
N 62º 27.866’ 
W 114º 
38.111’ 

7.75 wetland, spruce 
forest granitoid (Ad) -14.66 1 gyttja 

Lake 17 Site 1 
N 62º 29.182’ 
W 114º 
42.412’ 

7.72 wetland, willow, 
spruce forest granitoid (Ad) -17.9 1 gyttja 

Lake 17 Site 2 
N 62º 29.160’ 
W 114º 
42.434’ 

7.75 wetland, willow, 
spruce forest granitoid (Ad) -17.92 1 gyttja 
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Table 1a: continued 

Site name GPS co-
ordinates 

Surface 
water 
pH 

Ecosite 
characterization 

Bedrock 
geologya 

Distance 
from 
Giant 
Mine 
(km)b 

Lake 
depth 
(m) 

Substrate 

Lake 17 Site 3 N 62º 29.144’ 
W 114º 42.199’ 7.81 wetland, willow, 

spruce forest granitoid (Ad) -17.85 1 gyttja 

Lake 18 Site 1 N 62º 28.827’ 
W 114º 43.672’ 7.54 wetland, spruce 

forest granitoid (Ad) -19.42 6 sandy 
mud 

Lake 18 Site 2 N 62º 28.840’ 
W 114º 43.603’ 7.44 wetland, spruce 

forest granitoid (Ad) -18.98 7 sandy 
mud 

Lake 18 Site 3 N 62º 28.826’ 
W 114º 43.548’ 7.34 wetland, spruce 

forest granitoid (Ad) -18.94 7 sandy 
mud 

Lake 19 Site 1 N 62º 28.007’ 
W 114º 30.338’ 7.75 willow, jackpine 

woodland granitoid (Ad) -8.27 2 sandy 
mud 

Lake 19 Site 2 N 62º 28.211’ 
W 114º 30.273’ 7.68 willow, jackpine 

woodland granitoid (Ad) -8.07 3 sandy 
mud 

Lake 19 Site 3 N 62º 28.263’ 
W 114º 30.430’ 7.88 willow, jackpine 

woodland granitoid (Ad) -8.15 4 sandy 
mud 

Lake 19 Site 4 N 62º 28.228’ 
W 114º 30.748’ 7.80 willow, jackpine 

woodland granitoid (Ad) -8.43 5 sand 
a Henderson (1985) ABa: Archean Yellowknife Supergroup – Burwash Formation; Aa: Archean amphibolite; Ad: Archean 
Putonic Suite; ABg: Archean Yellowknife Supergroup – Duncan Lake Group 
b Positive = east; Negative = west 
km – kilometer; m - metre 
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Table 1b. Physical limnological characteristics of lakes sampled  
Profile 

Site name Depth 
(m) 

Dissolved 
oxygen (%) 

Dissolved 
oxygen  
(mg/L) 

Temperature (°C) Conductivity 
(µS) 

Prosperous Site 1 0 74.0 n/a 15.0 n/a 
 1 

(bottom) 
76.0 n/a 14.4 n/a 

Prosperous Site 2 0 105.7 n/a 13.3 n/a 
 1 105.5 n/a 12.7 n/a 
 2 106.2 n/a 10.9 n/a 
 3 107.1 n/a 10.5 n/a 
 4 104.2 n/a 8.9 n/a 
 5 101.8 n/a 8.2 n/a 

South Tibbitt Site 1 0 114.8 11.05 17.2 257.7 
 1 113.1 10.86 17.1 257.7 
 2 113.2 10.75 17.6 257.1 
South Tibbitt Site 2 0 116.4 11.23 17.3 260.0 
 1 116.5 10.90 17.5 260.7 
 2 113.3 10.66 17.2 259.3 

Lake 3 Site 1 0 107.6 10.29 18.3 235.0 
 1 106.1 10.28 18.1 234.0 
 2 114.0 10.67 18.0 234.4 
 3 116.0 9.66 17.7 235.9 
 4 35.7 2.32 16.3 245.9 

Lake 3 Site 2  0 105.8 9.99 18.5 237.6 
 1 105.1 9.98 18.4 236.4 
 2 92.7 8.29 18.3 236.4 

Lake 4 Site 1 (Reid 
Lake) 

0 98.9 9.83 16.1 109.6 

 1 101.9 10.21 15.7 109.5 
 2 101.4 10.04 15.5 109.7 
 3 101.1 10.16 15.2 134.1 
 4 101.5 10.26 15.1 108.8 
 5 101.3 10.43 15.0 108.4 

Lake 5 Site 1 0 87.1 7.95 20.2 254.3 
 1 88.5 8.32 19.4 247.2 

Lake 5 Site 2 0 90.6 8.43 18.8 246.0 
 1 89.0 8.38 18.3 243.8 
 2 89.1 8.40 18.3 242.5 
 3 87.6 n/a 17.3 235.8 

Lake 6 site 1 0 106.9 9.96 18.8 266.6 
 1 107.7 9.98 18.7 266.5 
 2 109.7 10.59 18.6 267.8 

Lake 6 Site 2 0 105.8 9.52 18.5 267.8 
 1 108.2 10.13 18.5 268.0 
 2 108.8 10.22 18.5 268.3 
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Table 1b: continued 
Profile 

Site name Depth 
(m) 

Dissolved 
oxygen (%) 

Dissolved 
oxygen  
(mg/L) 

Temperature (°C) Conductivity 
(µS) 

Lake 6 Site 3 0 109.5 10.17 19.2 200.1 
 1 113.7 10.39 19.0 271.5 
 2 105.6 9.86 18.7 269.3 

Lake 7 Site 1 0 104.8 9.78 18.8 205.6 
 1 111.0 10.24 18.9 206.4 

Lake 7 Site 2 0 103.7 9.80 18.9 203.4 
 1 105.4 9.79 18.1 204.1 
 2 101.3 9.74 17.8 200.8 
 3 103.7 9.80 17.2 202.7 
 4 74.8 n/a 15.8 n/a 

Lake 7 Site 3 0 106.0 9.75 18.9 209.9 
 1 103.8 9.64 18.9 209.8 
 2 104.9 9.69 18.6 208.7 

Lake 8 Site 1 0 78.0 7.10 19.6 351.2 
 1 77.4 7.06 19.4 350.8 
 2 75.1 7.06 18.3 342.1 
 3 56.3 5.12 17.9 345.4 

Lake 8 Site 2 0 86.1 7.90 20.5 361.3 
 1 85.5 7.62 19.9 360.4 
 2 82.7 7.48 19.8 353.0 
 3 41.4 2.20 18.1 339.4 

Lake 8 Site 3 0 84.8 7.55 20.4 357.0 
 1 79.7 7.31 19.9 356.0 
 2 77.0 7.31 19.7 351.0 

Lake 9 dock 0 114.1 10.66 19.2 107.4 
 1 116.2 10.66 17.8 106.8 

Lake 10 Site 1 0 91.6 7.98 21.8 111.4 
 1 50.0 4.81 17.5 104.2 
 2 12.8 1.50 13.9 92.7 
 3 11.7 1.25 13.6 94.1 

Lake 10 Site 2 0 88.5 7.76 21.8 117.2 
 1 82.2 7.44 20.4 105.0 
 2 15.5 1.19 13.2 90.0 

Lake 10 Site 3 0 90.1 7.72 22.7 106.6 
 1 21.3 2.17 16.6 104.6 
 2 5.5 0.57 12.8 116.1 
 3 2.1 0.21 10.8 98.7 
 4 2.2 0.25 6.8 211.2 
 5 1.4 0.17 5.7 213.2 
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Table 1b: continued 
Profile 

Site name Depth 
(m) 

Dissolved 
oxygen (%) 

Dissolved 
oxygen  
(mg/L) 

Temperature (°C) Conductivity 
(µS) 

Lake 11 Site 1 0 90.3 8.31 20.3 179.0 
 1 97.5 8.85 19.6 178.4 
 2 82.4 8.04 19.2 175.3 
 3 62.7 6.12 17.4 166.6 
 4 8.0 0.98 14.8 162.1 
 5 2.1 0.22 14.3 174.2 
 6 1.7 0.17 12.9 174.6 
 7 1.0 0.10 12.6 196.8 

Lake 11 Site 2 0 91.9 8.26 20.6 200.0 
 1 95.1 8.70 19.4 200.0 
 2 90.8 8.82 19.4 200.0 

Lake 11 Site 3 0 90.1 8.14 20.4 200.0 
 1 100.1 9.02 19.4 200.0 
 2 99.6 9.19 18.9 200.0 

Lake 12 Site 1 0 79.1 7.01 21.1 323.5 
 1 80.0 7.40 20.9 322.8 
 2 85.8 7.73 20.9 322.5 

Lake 12 Site 2 0 80.2 7.09 21.2 336.0 
 1 78.5 6.96 21.1 366.2 
 2 80.1 7.19 20.4 330.0 
 3 82.2 7.64 19.4 327.3 

Lake 12 Site 3 0 80.1 7.23 20.7 331.5 
 1 78.7 7.08 20.4 330.8 
 2 78.2 7.08 20.2 329.6 
 3 72.9 6.52 19.0 322.7 
 4 45.6 4.61 18.4 316.0 

Lake 13 (Pontoon 
Lake) Site 1 

0 84.7 7.70 20.0 351.4 

 1 85.0 7.67 20.0 351.5 
 2 86.1 7.82 19.9 350.8 
 3 85.3 7.77 19.9 350.5 
 4 85.0 7.76 19.8 350.7 

Lake 13 (Pontoon 
Lake) Site 2 

0 93.1 8.45 20.0 351.4 

 1 92.3 8.36 20.0 352.1 
 2 91.6 8.36 19.8 351.3 
 3 88.9 8.20 19.7 350.9 

Lake 13 (Pontoon 
Lake)  Site 3 

0 94.0 8.54 19.9 352.3 

 1 92.6 8.46 19.9 350.8 
 2 92.2 8.40 19.6 350.3 
 3 92.2 8.44 19.7 350.2 
 4 93.0 8.46 19.6 350.0 
 5 94.0 8.54 19.6 349.9 
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Table 1b: continued 
Profile 

Site name Depth 
(m) 

Dissolved 
oxygen (%) 

Dissolved 
oxygen  
(mg/L) 

Temperature (°C) Conductivity 
(µS) 

Lake 14 Site 1 0 64.9 5.69 21.4 283.7 
 1 65.1 5.89 19.9 273.8 
 2 63.2 5.79 19.5 273.5 

Lake 14 Site 2 0 78.6 6.84 20.9 279.6 
 1 83.2 7.60 19.1 255.3 

Lake 14 Site 3 0 74.5 6.65 20.9 263.9 
 1 71.3 6.42 20.4 273.1 
 2 75.8 6.99 19.6 265.4 

Lake 15 (Great Slave 
Lake)  Site 1 

0 57.2 5.39 18.0 50.6 

 1 57.2 4.43 17.8 50.6 

Lake 15 (Great Slave 
Lake)  Site 2 

0 78.1 7.37 18.6 51.1 

 1 78.1 7.35 18.2 51.1 

Lake 15 (Great Slave 
Lake) Site 3 

0 66.6 6.14 19.3 28.7 

 1 66.1 6.15 19.1 51.8 

Lake 16 Site 1 0 57.6 5.21 20.1 129.2 
 1 57.6 5.21 20.1 129.0 

Lake 16 Site 2 0 61.2* 5.5 20.3 130.6 
 1 60.8* 5.49 20.3 130.6 
 2 60.7* 5.49 20.2 129.0 

Lake 16 Site 3 0 66.6 6.01 20.2 143.7 
 1 65.5 5.74 20.8 142.4 

Lake 17 Site 1 0 46.2 4.36 18.1 66.3 
 1 45.7 4.31 18.0 66.3 

Lake 17 Site 2 0 20.1 1.88 18.5 67.2 
 1 20.3 1.90 18.6 67.2 

Lake 17 Site 3 0 23.2 2.16 18.5 37.1 
 1 23.2 2.19 18.4 66.8 

Lake 18 Site 1 0 18.1 1.67 19.5 123.5 
 1 18.5 1.72 18.6 120.9 
 2 10.2 1.01 18.0 121.9 
 3 3.6 0.34 14.3 129.9 
 4 2.2 0.21 12.8 122.8 
 5 1.8 0.18 12.5 124.6 
 6 2.4 0.22 14.5 135.3 

Lake 18 Site 2 0 30.0 2.74 19.3 123.1 
 1 28.6 2.66 18.8 120.9 
 2 3.2 0.28 17.0 123.9 
 3 1.6 0.16 14.3 127.1 
 4 1.2 0.13 11.5 112.0 
 5 1.1 0.12 9.3 98.0 
 6 1.0 0.11 7.6 102.2 
 7 1.3 0.16 6.5 168.1 
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Table 1b: continued    

Profile 

Site name Depth 
(m) 

Dissolved 
oxygen (%) 

Dissolved 
oxygen  
(mg/L) 

Temperature (°C) Conductivity 
(µS) 

Lake 18 Site 3 0 36.2 3.57 19.0 121.3 
 1 34.1 3.17 18.7 121.2 
 2 24.1 2.11 17.8 127.2 
 3 1.8 0.17 13.6 127.7 
 4 1.1 0.13 11.0 112.5 
 5 1.2 0.13 11.5 114.2 
 6 1.1 0.12 11.7 114.8 
 7 1.2 0.14 11.7 116 

Lake 19 Site 1 0 57.3 5.28 19.2 121.4 
 1 57.4 5.29 19.2 124.8 
 2 56.6 5.23 19.3 124.8 

Lake 19 Site 2 0 58.3 5.39 19.0 127.9 
 1 58.4 5.42 19.0 127.6 
 2 58.8 5.46 18.9 127.2 
 3 58.6 5.44 18.9 127.2 

Lake 19 Site 3 0 59.5 5.48 19.3 128.6 
 1 60.0 5.55 19.1 127.8 
 2 59.8 5.54 19.0 127.5 
 3 59.7 5.53 18.9 127.3 
 4 55.2 5.03 18.9 127.0 

Lake 19 Site 4 0 61.7 5.71 19.0 128.1 
 2 61.8 5.70 19.1 128.1 
 3 61.9 5.74 19.1 127.8 
 4 61.9 5.73 19.0 127.8 
 5 61.9 5.73 19.1 127.7 

m – metre; % - percent; mg/L – milligram/litre; °C – degree Celsius; µS – microSiemens; n/a – not applicable 
 

4.1 Grain size 
 Mean grain size of lake sediment samples ranged from 16.90 μm (Lake 14 Site 3) 

to 447.78 μm (Lake 19 Site 3) (Table 2).  In general, the grain size is coarse; an average 

of 14.43% ± 8.49 standard deviation (SD) of the samples (n=50) fall within the clay size 

fraction (<4 μm), an average of 56.00% ± 18.40 SD of the samples fall within the silt size 

fraction (>4 μm, <63 μm), and an average of 29.58% ± 23.02 SD of samples fall within 

the sand size fraction (>63 μm). 
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Table 2. Grain size distribution and descriptive statistics of the sediments collected 
from lakes in the Yellowknife area 
 
Site 

Mean 
(µm) 

Median 
(µm) 

Mean 
/Median Mode SD Variance Skew-

ness Kurtosis %Clay 
(<4µm) 

%Silt 
(<63µm) 

%Sand 
(>63µm) 

Prosperous 
Site 1 

22.72 10.83 2.10 18.00 32.64 1065.64 2.80 8.78 26.63 64.68 8.69 

Prosperous 
Site 2 

53.32 39.44 1.35 66.45 50.06 2506.19 1.20 0.97 11.51 55.35 33.14 

South Tibbitt 
Site 1 

29.46 14.63 2.01 16.40 41.38 1712.53 2.81 8.82 17.43 70.71 13.25 

South Tibbitt 
Site 2 

32.93 20.69 1.59 23.82 37.83 1431.13 2.49 7.07 10.15 77.17 12.68 

Lake 3 Site 1 30.73 17.01 1.81 18.00 37.48 1404.38 2.23 5.33 16.67 69.93 13.40 
Lake 3 Site 2 28.60 15.76 1.81 18.00 36.60 1339.24 2.53 7.09 17.39 71.20 11.40 
Lake 4 Site 1 
(Reid Lake) 

155.80 117.20 1.33 127.65 142.05 20178.00 1.64 2.54 4.31 20.10 75.59 

Lake 5 Site 1 64.80 50.31 1.29 96.50 55.58 3089.23 0.83 -0.19 8.55 48.97 42.47 
Lake 5 Site 2 52.39 33.42 1.57 45.76 52.00 2703.73 1.29 1.00 9.18 59.78 28.26 
Lake 6 Site 1 29.50 17.56 1.68 41.68 33.53 1124.01 1.96 4.31 19.97 67.47 12.57 
Lake 6 Site 2 33.28 21.27 1.57 37.97 34.69 1203.65 1.72 2.99 13.94 70.39 15.67 
Lake 6 Site 3 35.84 21.55 1.66 37.97 39.16 1533.58 1.73 1.16 15.44 66.63 17.93 
Lake 7 Site 1 35.88 15.85 2.26 16.40 49.77 2477.13 2.23 2.84 16.66 66.56 16.77 
Lake 7 Site 2 50.27 31.27 1.61 37.97 50.13 2513.29 1.36 1.16 9.05 62.36 28.59 
Lake 7 Site 3 38.47 15.69 2.45 74.49 4.54 5548.72 0.54 24.91 16.30 70.28 13.42 
Lake 8 Site 1 38.70 19.96 1.94 18.00 45.57 2076.53 1.76 2.58 15.51 64.27 20.22 
Lake 8 Site 2 49.89 22.35 2.23 18.00 73.65 5424.98 3.84 22.33 11.70 64.84 23.46 
Lake 8 Site 3 34.60 22.70 1.52 28.70 37.82 1430.59 2.32 5.92 8.51 78.24 13.25 
Lake 9 dock 31.55 17.80 1.77 18.00 37.68 1420.05 2.30 5.66 11.83 74.59 13.58 
Lake 10 Site 1 39.94 17.18 2.23 19.76 55.04 3830.00 2.17 4.57 19.16 61.49 19.35 
Lake 10 Site 2 57.82 34.24 1.69 45.76 61.67 3803.41 1.35 1.04 12.83 54.43 32.73 
Lake 10 Site 3 122.50 67.75 1.81 185.00 141.42 21178.00 1.62 2.21 8.86 39.78 51.36 
Lake 11 Site 1 37.19 19.05 1.95 18.00 44.89 2015.11 1.85 3.03 16.20 64.96 18.84 
Lake 11 Site 2 85.16 50.53 1.69 168.90 101.50 10302.00 2.50 7.96 7.98 48.28 43.74 
Lake 11 Site 3 46.56 28.20 1.65 37.97 49.07 2407.52 1.57 2.04 10.50 63.90 25.60 
Lake 12 Site 1 79.72 60.31 1.31 168.87 69.57 4840.60 0.66 -0.68 9.75 41.36 48.89 
Lake 12 Site 2 108.17 37.32 2.90 203.51 150.42 22625.70 2.14 4.90 18.40 38.90 42.69 
Lake 12 Site 3 61.85 45.71 1.35 127.65 53.31 2841.87 0.91 -0.06 4.47 53.96 39.57 
Lake 13 Site 1 
(Pontoon L) 

80.33 50.18 1.60 87.90 96.94 9396.00 2.88 10.65 6.33 51.10 42.57 

Lake 13 Site 2 
(Pontoon L) 

98.55 48.82 2.02 185.40 124.10 15408.00 2.08 4.43 8.41 47.47 44.13 

Lake 13 Site 3 
(Pontoon L) 

68.52 98.06 1.43 153.80 62.10 3857.00 0.96 0.00 7.59 50.37 42.04 

Lake 14 Site 1 26.87 17.85 1.51 34.59 28.48 811.21 2.02 5.10 17.36 73.08 9.56 
Lake 14 Site 2 44.45 30.00 1.48 41.68 44.69 1996.84 1.48 1.96 12.00 65.68 22.32 
Lake 14 Site 3 16.90 7.11 2.38 4.88 24.39 595.08 2.94 2.94 37.48 57.91 4.62 
Lake 15 Site 1 
(Great Slave) 

32.41 21.99 1.47 31.51 35.00 1225.26 2.19 5.58 33.03 54.25 12.73 

Lake 15 Site 2 
(Great Slave) 

36.76 24.43 1.50 37.97 37.48 1404.68 1.65 2.67 31.77 49.99 18.24 

 



 27

Table 2: continued 
Site Mean 

(µm)) 
Median 
(µm)) 

Mean/Me
dian Mode SD Variance Skew-

ness Kurtosis %Clay 
(<4µm) 

%Silt 
(<63µm) 

%Sand 
(>63µm) 

Lake 15 Site 3 
(Great Slave) 

54.52 36.78 1.48 37.97 52.80 2787.37 1.44 1.67 8.56 60.51 30.93 

Lake 16 Site 1 27.08 22.03 1.23 34.59 24.33 592.14 2.36 8.57 10.21 84.30 5.49 
Lake 16 Site 2 36.93 22.19 1.66 45.76 40.26 1620.70 1.70 2.85 15.31 65.56 19.12 
Lake 16 Site 3 28.42 11.19 2.54 18.00 39.04 1524.11 1.90 2.90 29.91 55.31 14.78 
Lake 17 Site 1 65.68 20.86 3.15 37.97 111.72 12481.00 2.81 8.12 18.24 56.73 25.01 
Lake 17 Site 2 88.65 70.09 1.26 96.50 94.58 8946.29 2.26 7.64 13.67 33.21 53.12 
Lake 17 Site 3 38.48 15.69 2.45 19.76 74.49 5548.72 4.54 24.92 16.30 70.28 13.42 
Lake 18 Site 1 20.53 7.66 2.68 7.08 34.68 1202.63 3.10 10.26 33.73 58.14 8.13 
Lake 18 Site 2 21.77 10.75 2.03 11.29 33.05 1092.10 3.22 11.62 22.34 69.86 7.80 
Lake 18 Site 3 24.24 12.17 1.99 14.94 32.93 1084.41 2.58 7.17 22.76 68.08 9.16 
Lake 19 Site 1 136.58 137.58 0.99 153.83 48.71 2372.98 -0.32 0.21 1.40 4.92 93.68 
Lake 19 Site 2 83.57 83.01 1.01 105.93 52.39 2744.23 0.25 -0.67 4.54 32.16 63.30 
Lake 19 Site 3 447.78 407.39 1.10 567.76 309.90 96035.30 0.70 -0.07 0.97 5.40 93.63 
Lake 19 Site 4 388.96 376.27 1.33 471.14 176.60 31186.30 0.41 -0.08 0.49 1.30 98.08 
µm – micron; % - percent; SD – standard deviation 

           
          

 

4.2 Organic geochemistry (Rock Eval™ analysis) 
 Lake sediment samples have, on average, a high TOC content (mean 16.91% 

± 11.57 SD, n=50; Table 3).  The majority of organic carbon in the samples consists of 

labile, predominantly algal-derived S2 kerogen (mean 56.56 mg HC/g ± 41.81 SD, n=50).  

Residual carbon composes, on average, 9.92 mg HC/g ± 6.78 SD of the TOC of the 

samples. 
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Table 3. Organic carbon parameters of sediments collected from lakes in the 
Yellowknife area 

Site S1 
(mg HC/g) 

S2 
(mg HC/g) 

S3 
(mg HC/g) 

Tmax 
(°C ) 

TOC 
(%) 

RC 
(%) 

Prosperous Site 1 1.06 6.80 4.12 422 2.57 1.71 
Prosperous Site 2 0.71 4.43 4.19 419 2.11 1.49 
South Tibbitt Site 1 37.06 86.68 33.45 423 22.28 10.60 
South Tibbitt Site 2 40.37 110.78 35.87 424 27.79 13.67 
Lake 3 Site 1 43.47 112.23 36.86 419 28.25 13.72 
Lake 3 Site 2 41.00 119.26 37.70 421 29.16 14.21 
Lake 4 Site 1 (Reid Lake) 1.32 4.08 2.41 324 1.23 0.67 
Lake 5 Site 1 17.68 89.20 33.14 416 26.40 16.00 
Lake 5 Site 2 17.55 84.68 33.37 417 24.17 14.20 
Lake 6 Site #1 47.92 77.92 36.65 421 24.27 12.26 
Lake 6 Site #2 43.05 109.89 32.78 426 25.84 11.72 
Lake 6 Site #3 40.23 110.65 30.47 425 25.77 11.90 
Lake 7 Site #1 25.20 113.11 40.50 331 32.89 19.56 
Lake 7 Site #2 25.30 104.12 37.97 326 29.44 17.00 
Lake 7 Site #3 20.79 109.62 43.38 416 33.58 20.76 
Lake 8 Site #1 23.73 117.45 38.50 341 33.11 19.52 
Lake 8 Site 2 23.21 116.42 40.92 408 34.58 21.15 
Lake 8 Site 3 18.59 106.59 40.50 411 33.39 21.16 
Lake 9 dock 9.04 43.13 15.55 421 12.38 7.30 
Lake 10 Site 1 1.49 10.98 7.82 421 5.06 3.65 
Lake 10 Site 2 0.89 6.22 5.09 417 3.00 2.17 
Lake 10 Site 3 3.10 14.96 8.88 407 5.98 4.04 
Lake 11 Site 1 16.08 75.58 29.65 420 23.40 14.42 
Lake 11 Site 2 18.43 96.69 34.92 421 28.66 17.48 
Lake 11 Site 3 21.00 90.06 46.60 326 32.57 21.18 
Lake 12 Site 1 7.39 16.91 8.79 310 5.58 3.16 
Lake 12 Site 2 12.76 23.47 11.79 297 6.99 3.46 
Lake 12 Site 3 37.90 71.61 27.51 327 19.97 9.69 
Lake 13 Site 1 (Pontoon L) 17.13 78.55 32.14 329 24.23 14.80 
Lake 13 Site 2 (Pontoon L) 15.41 79.19 34.46 420 25.74 16.27 
Lake 13 Site 3 (Pontoon L) 16.66 78.50 32.95 417 24.86 15.40 
Lake 14 Site 1 1.21 7.76 5.58 410 3.37 2.36 
Lake 14 Site 2 7.65 35.36 15.72 329 11.99 7.65 
Lake 14 Site 3 4.05 21.61 10.16 416 7.51 4.88 
Lake 15 Site 1 (Great Slave) 0.76 3.86 3.36 416 1.70 1.15 
Lake 15 Site 2 (Great Slave) 0.17 1.09 1.70 415 0.70 0.51 
Lake 15 Site 3 (Great Slave) 0.55 2.45 2.37 412 1.03 0.67 
Lake 16 Site 1 10.35 47.40 20.17 421 15.56 9.79 
Lake 16 Site 2 7.12 36.27 14.15 424 10.75 6.47 
Lake 16 Site 3 13.68 58.02 25.79 324 18.79 11.63 
Lake 17 Site 1 16.78 84.14 35.76 416 27.05 17.00 
Lake 17 Site 2 12.88 64.30 23.89 423 18.76 11.23 
Lake 17 Site 3 13.19 73.27 32.90 419 25.56 16.84 
Lake 18 Site 1 6.06 34.88 23.28 318 15.13 10.59 
Lake 18 Site 2 2.10 16.45 11.05 422 6.86 4.79 
Lake 18 Site 3 12.46 42.33 24.28 316 16.26 10.53 
Lake 19 Site 1 1.90 3.60 2.02 316 1.15 0.59 
Lake 19 Site 2 5.33 21.36 8.87 420 6.80 4.15 
Lake 19 Site 3 0.80 2.65 2.11 311 1.00 0.61 
Lake 19 Site 4 0.39 1.41 1.34 302 0.52 0.31 
mg/g HC - milligram per gram hydrocarbon; % - percent; TOC – total organic carbon; RC – residual carbon 
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4.3 Inorganic geochemistry  
 The inorganic geochemistry results are presented in Table 4 (Appendix) and are 

compared with the Canadian Council of Ministers of the Environment Interim Sediment 

Quality Guidelines (ISQG) and Probable Effects Levels (PEL; CCME 2002; Table 5).  

Arsenic exceeds the ISQG in 78% of samples (n=39/50) and in 74% of lakes (n =14/19), 

but exceeds the PEL in only 44% of samples (n =22/50) and in 47% of lakes (n =9/19).  

Cadmium exceeds the ISQG in 24% of samples (n =12/50) and in 32% of lakes 

(n =6/19), but does not exceed the PEL in any samples.  Chromium exceeds the ISQG in 

8% of samples (n =4/50) and in 21% of lakes (n =4/19).  Copper exceeds the ISQG in 4% 

of samples (n =2/50) and in 5% of lakes (n =1/19).  Zinc exceeds the ISQG in 6% of 

samples (n =3/50) and in 11% of lakes (n =2/19).  Lead does not exceed the ISQG in any 

samples.  Chromium, copper, lead, and zinc do not exceed the PEL in any samples. 

Table 5. Comparison of metal concentrations in Yellowknife lake sediment samples 
with CCME (2002) Interim Sediment Quality Guidelines (ISQG) and Probable 
Effects Level (PEL) for the Protection of Aquatic Life 

Metal ISQG (mg/kg 
or μg/g) 

Number of 
samples in 
exceedance 
(n=50) 

Number of 
lakes with 
samples in 
exceedance 
(n=19) 

PEL (mg/kg or 
μg/g) 

Number of 
samples in 
exceedance 
(n=50) 

Number of 
lakes with 
samples in 
exceedance 
(n=19) 

Arsenic 5.9 39 14 17 22 9 
Cadmium 0.6 12 6 3.5 0 0 
Chromium 37.3 4 4 90 0 0 
Copper 37.3 2 1 197 0 0 
Lead 35 0 0 91.3 0 0 
Mercury 0.17 na na 0.486 0 0 
Zinc 123 3 2 315 0 0 

mg/kg – milligram/kilogram; μg/g – microgram/gram 
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5. DISCUSSION 
 
 Arsenic concentrations in the Yellowknife lake sediment samples (mean 27.66 

μg/g ± 35.19 SD; median 13.00 μg/g, range <5.00 μg/g to 155.00 μg/g in Lake 16, Site 3; 

Appendix – Table 4)  are broadly comparable to the concentrations found in the regional 

geology (2-100 μg/g; Boyle, 1960; Ootes et al., 2006), and are therefore expected to 

exceed CCME (2002) ISQG (5.9 μg/g) and PEL (17 μg/g) due to weathering of bedrock.  

Arsenic concentrations in Yellowknife lake sediments are also comparable to Canadian 

averages for this element in uncontaminated soils (4 to 150 μg/g; Wang and Mulligan, 

2006) and are within the range of arsenic concentrations in soils in the communities of 

N’Dilo and Dettah (2.5-900 μg/g; Risklogic, 2002).  However, it may not be appropriate 

to compare lake sediment arsenic concentrations to surface soils or bedrock because 

complex geochemical processes occur during transport and sedimentation of arsenic in 

lacustrine systems that can result in sequestration of arsenic from aqueous solution by 

sorption or precipitation (Murray 1975; Tessier et al. 1996; Andrade et al. 2010).  Arsenic 

concentrations in Yellowknife lake sediments are elevated compared to “background” 

arsenic concentrations in lake sediments outside of the city of Yellowknife or in known 

control lakes (20-38 μg/g; Wageman et al., 1978; 115 μg/g Risklogic, 2002) and pre-1947 

sediments in Back Bay, Great Slave Lake (15-25 μg/g; Murdoch et al., 1989; Table 6). 
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Table 6. Arsenic concentrations in soils and sediments of the Yellowknife area 
Location Mean 

μg/g 
Range 
μg/g 

n Date 
sampled 

Source 

Regional geology - 2-100   Boyle 1960; Ootes et 
al. 2006 

Sediment pre-1947 Back Bay  15-25 2  Murdoch et al. 1989 
Lake sediments outside of 
Yellowknife 

- 20-38  - Wagemann et al. 1978 

Soil outside Yellowknife city 
limit (N’dilo, Dettah) 

115 2.5-900 928 1987-2001 Risklogic 2002 

Soil inside Yellowknife city limit 122 3.5-1570 401 1987-2001 Risklogic 2002 
Con Trailer Court soil 404 4-4950 70 1987-2001 Risklogic 2002 

275.5  2-2550 39 1992-1993 Jackson et al. 1996  
Back Bay sediment - 650-1100 1 2003-2005 Andrade et al. 2010 
μg/g – microgram/gram 

 

The atmospheric emissions of arsenic from the Giant Mine ore roaster resulted in 

widespread distribution of this element to the surrounding region (CPHA, 1977; 

Hocking et al., 1978).  However, a zone of influence has not been defined.  Previous 

sampling surveys for arsenic have been focused on sites with a known discharge of mine 

effluent (e.g., Back Bay, Great Slave Lake, Andrade et al., 2010), or areas of human 

inhabitation (e.g., the Giant Mine Townsite, the Con Mine Trailer Court; Hutchinson et 

al., 1982; the City of Yellowknife, references summarized in Risklogic, 2002).  Thus, it 

appears that the City of Yellowknife represents a general zone of impact 

(Risklogic, 2002) but this delineation may be a function of sampling intensity. 

This study shows that lake sediment arsenic concentrations tend to be higher in 

sites located near and west of the city of Yellowknife (Fig. 2) despite the fact that these 

lakes occur on granitoid bedrock with lower arsenic concentrations relative to the 

metavolcanics and metasedimentary rocks that underlie the eastern portions of the City of 

Yellowknife and lakes east of the city (Boyle, 1960; Ootes et al., 2006).  The spatial 

pattern of arsenic in lake sediment samples is consistent with aerial dispersion of emitted 

matter from smelting and mining sources and transportation by prevailing winds west of 

the City of Yellowknife.  Climate normals show that predominant wind direction in late 
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spring and summer months (May to September) is from the southeast to the northwest.  

Alternatively, arsenic may be relatively high in Glacial Lake McConnell sediments that 

occur to the west of the City of Yellowknife.  However, the spatial extent of Glacial Lake 

McConnell sediments has not been fully mapped, nor are we aware of a detailed 

geochemical study of them.  This, and detailed geochemical analysis of granitoid bedrock 

west of the City of Yellowknife using modern analytical methods, are areas identified for 

future research. 
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Fig. 2. Map showing the interpolated arsenic concentrations by 
inverse distance weighting using a squared distance term throughout 
the study area based on measurements of 50 sediment-water interface 
samples from 19 lakes (top) and bar graph (bottom) showing the 
median and range of arsenic (As) concentrations (μg/g) plotted by 
distance (km) from the Giant Mine, negative values are distance west 
and positive values are distance east (bottom).  (Notes: PEL – 
Probable Effects Level, CCME (2002); ISQG – Interim Sediment 
Quality Guideline, CCME (2002); MDL – laboratory method 
detection limit; ½ of the method detection limit is shown for 
undetectable arsenic; n = number of samples 
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6. CONCLUSIONS 
 

Fifty sediment-water interface samples were collected from 19 lakes along an east 

to west transect, spanning 90 km through the City of Yellowknife.  Cadmium, chromium, 

copper, lead, and zinc are mostly below CCME (2002) ISQG and PEL for sediments of 

freshwater lakes.  Arsenic exceeds ISQG in 39 of 50 samples (in 14 lakes) and exceeds 

the PEL in 22 samples (in 9 lakes).  In lakes west of the City of Yellowknife, arsenic is 

elevated relative to local bedrock geology and “background” levels defined as 

concentrations of arsenic in lake sediments outside of the City of Yellowknife and in pre-

1947 sediments of Back Bay, Great Slave Lake.  The spatial distribution of arsenic along 

a 90 km east-west transect is consistent with aerial emission from mining activities near 

the City of Yellowknife and dispersion with prevailing winds.  Additional research is 

required to constrain the source of arsenic in lakes west of Yellowknife. 
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Table 4: Total bulk concentrations of nutrients and major, minor, and trace elements in sediments collected from lakes in the 
Yellowknife area 
Element Nitrate  Nitrite  TP Al Sb As Ba Be Bi 
Unit µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g 
MDL 1 1 0.01 10 5 5 1 0.2 5 

Reference method EPA 300.0 EPA 300.0 EPA 365.4 EPA 6010 EPA 6010 EPA 6010 EPA 6010 EPA 6010 EPA 6010 

Prosperous Site 1 < 1 1 713 10200 < 5 < 5 115 0.5 < 5 
Prosperous Site 2 < 1 5 601 9240 < 5 7 98 0.5 < 5 
South of Tibbitt Site 1 < 10 < 10 1040 4970 < 5 7 109 0.3 < 5 
South of Tibbitt Site 2 < 10 < 10 1100 4950 < 5 < 5 113 0.3 < 5 
Lake 3 Site 1 < 20 < 20 810 2810 < 5 8 95 < 0.2 < 5 
Lake 3 Site 2 < 20 30 856 3030 < 5 6 84 < 0.2 < 5 
Lake 4 Site 1 (Reid Lake) < 3 5 465 4230 < 5 < 5 44 < 0.2 < 5 
Lake 5 Site 1 < 8 10 856 3270 < 5 < 5 61 < 0.2 < 5 
Lake 5 Site 2 < 10 < 10 1100 3800 < 5 7 72 < 0.2 < 5 
Lake 6 Site 1 < 40 < 40 1230 4780 < 5 21 81 0.3 < 5 
Lake 6 Site 2 < 30 < 30 926 4970 < 5 34 72 0.3 < 5 
Lake 6 Site 3 < 20 < 20 852 4800 < 5 46 82 0.3 < 5 
Lake 7 Site 1 < 30 < 30 876 3920 < 5 22 70 < 0.2 < 5 
Lake 7 Site 2 < 30 30 1270 4030 < 5 15 70 < 0.2 < 5 
Lake 7 Site 3 < 10 < 10 760 3470 < 5 11 67 < 0.2 < 5 
Lake 8 Site 1 < 10 < 10 887 2900 < 5 < 5 64 < 0.2 < 5 
Lake 8 Site 2 < 80 < 80 1170 2850 < 5 < 5 69 < 0.2 < 5 
Lake 8 Site 3 < 400 < 400 715 2690 < 5 < 5 61 < 0.2 < 5 
Lake 9 dock < 10 < 10 655 8430 < 5 < 5 112 0.5 < 5 
Lake 10 Site 1 < 5 < 5 727 12200 < 5 < 5 186 0.7 < 5 
Lake 10 Site 2 < 7 < 7 679 12200 < 5 < 5 199 0.7 < 5 
Lake 10 Site 3 < 8 8 868 13000 < 5 6 191 0.7 < 5 
Lake 11 Site 1 < 20 40 1080 5570 < 5 14 84 0.3 < 5 
Lake 11 Site 2 < 30 < 30 845 4670 < 5 9 71 0.2 < 5 
Lake 11 Site 3 < 10 < 10 743 3540 < 5 10 80 < 0.2 < 5 
Lake 12 Site 1 < 30 < 30 1410 5070 < 5 10 111 0.3 < 5 
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Table 4: continued  
Element Nitrate  Nitrite  TP Al Sb As Ba Be Bi 
Lake 11 Site 2 < 30 < 30 845 4670 < 5 9 71 0.2 < 5 
Lake 11 Site 3 < 10 < 10 743 3540 < 5 10 80 < 0.2 < 5 
Lake 12 Site 1 < 30 < 30 1410 5070 < 5 10 111 0.3 < 5 
Lake 12 Site 2 < 20 < 20 850 4280 < 5 8 96 0.2 < 5 
Lake 12 Site 3 < 60 < 60 1040 6550 < 5 18 152 0.4 < 5 
Lake 13 Site 1 (Pontoon L) 1 < 1 547 6730 < 5 6 98 0.3 < 5 
Lake 13 Site 2 (Pontoon L) 2 < 1 510 8070 < 5 6 162 0.3 < 5 
Lake 13 Site 3 (Pontoon L) 1 < 1 841 5060 < 5 12 87 0.3 < 5 
Lake 14 Site 1 < 1 < 1 660 12600 < 5 46 172 0.5 < 5 
Lake 14 Site 2 < 1 < 1 937 13600 5 94 189 0.6 < 5 
Lake 14 Site 3 < 1 < 1 953 15400 < 5 100 197 0.6 < 5 
Lake 15 Site 1 (Great Slave) < 1 < 1 740 9770 6 36 77 0.4 < 5 
Lake 15 Site 2 (Great Slave) < 1 < 1 535 8130 5 23 68 0.3 < 5 
Lake 15 Site 3 (Great Slave) < 1 < 1 561 7080 < 5 10 55 0.3 < 5 
Lake 16 Site 1 1 < 1 714 8870 < 5 60 114 0.4 < 5 
Lake 16 Site 2 < 1 < 1 611 15300 < 5 43 191 0.6 < 5 
Lake 16 Site 3 < 1 < 1 942 5880 < 5 155 96 0.3 < 5 
Lake 17 Site 1 < 1 < 1 768 2790 < 5 44 70 < 0.2 < 5 
Lake 17 Site 2 < 1 < 1 628 3610 < 5 28 72 < 0.2 < 5 
Lake 17 Site 3 < 1 < 1 606 3780 < 5 16 85 0.2 < 5 
Lake 18 Site 1 1 2 752 6940 < 5 25 97 0.3 < 5 
Lake 18 Site 2 < 1 < 1 635 15000 < 5 60 159 0.5 < 5 
Lake 18 Site 3 2 27 992 6110 < 5 73 89 0.2 < 5 
Lake 19 Site 1 1 < 1 297 1660 < 5 23 25 < 0.2 < 5 
Lake 19 Site 2 < 1 < 1 556 3790 < 5 138 61 0.3 < 5 
Lake 19 Site 3 < 1 < 1 291 2940 < 5 91 39 < 0.2 < 5 
Lake 19 Site 4 < 1 < 1 224 1280 < 5 17 11 < 0.2 < 5 
µg/g - microgram/gram; MDL - method detection limit; TP - total Phosphorous  
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Table 4: continued 
Element Cd Ca Cr Co Cu Fe Pb Mg Mn Mo 
Unit µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g 
MDL 0.5 10 1 1 1 10 5 10 1 1 

Reference method EPA 6010 EPA 6010 EPA 6010 EPA 6010 EPA 6010 EPA 6010 EPA 6010 EPA 6010 EPA 6010 EPA 6010 

Prosperous Site 1 < 0.5 3180 37 10 17 18700 13 6810 232 < 1 
Prosperous Site 2 < 0.5 3520 33 13 19 19000 12 6080 547 < 1 
South of Tibbitt Site 1 < 0.5 19300 13 8 24 12600 7 3940 429 1 
South of Tibbitt Site 2 < 0.5 13000 15 8 21 9240 < 5 4400 299 < 1 
Lake 3 Site 1 < 0.5 12200 12 6 26 3580 6 3070 216 1 
Lake 3 Site 2 < 0.5 12400 12 5 25 3270 7 3250 194 < 1 
Lake 4 Site 1 (Reid Lake) < 0.5 1570 14 5 7 8090 < 5 2680 192 < 1 
Lake 5 Site 1 < 0.5 7970 9 4 15 6090 < 5 3000 136 < 1 
Lake 5 Site 2 < 0.5 10600 11 5 18 8820 5 3980 262 1 
Lake 6 Site 1 < 0.5 11900 18 6 31 6040 7 4860 208 1 
Lake 6 Site 2 0.8 9740 16 5 28 6770 8 3720 165 1 
Lake 6 Site 3 0.9 10400 15 6 30 7480 7 3370 175 1 
Lake 7 Site 1 < 0.5 11500 12 4 22 4950 < 5 3170 190 < 1 
Lake 7 Site 2 < 0.5 10900 12 3 22 4790 < 5 3340 162 < 1 
Lake 7 Site 3 < 0.5 14800 12 4 18 6140 < 5 2680 186 < 1 
Lake 8 Site 1 < 0.5 11800 9 3 14 5960 < 5 3070 282 < 1 
Lake 8 Site 2 < 0.5 13700 9 3 15 4210 < 5 3640 252 < 1 
Lake 8 Site 3 < 0.5 12300 8 3 16 4320 < 5 2780 220 < 1 
Lake 9 dock < 0.5 5220 26 7 19 13100 9 4740 503 < 1 
Lake 10 Site 1 < 0.5 4670 35 13 26 18800 11 6590 201 < 1 
Lake 10 Site 2 < 0.5 4190 37 13 25 22000 11 7500 251 < 1 
Lake 10 Site 3 < 0.5 4830 39 11 32 22400 12 8000 224 < 1 
Lake 11 Site 1 < 0.5 10500 17 7 34 10300 < 5 3770 141 < 1 
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Table 4: continued 
Element Cd Ca Cr Co Cu Fe Pb Mg Mn Mo 
Lake 11 Site 2 < 0.5 11000 16 6 25 7950 < 5 3260 174 < 1 
Lake 11 Site 3 < 0.5 14500 11 5 25 6270 < 5 3330 202 < 1 
Lake 12 Site 1 < 0.5 7650 14 5 15 10900 5 4260 471 < 1 
Lake 12 Site 2 < 0.5 7280 12 4 12 9050 < 5 3570 192 < 1 
Lake 12 Site 3 < 0.5 9910 19 7 21 18400 6 5800 574 1 
Lake 13 Site 1 (Pontoon L) < 0.5 9960 19 6 13 11700 < 5 4470 283 < 1 
Lake 13 Site 2 (Pontoon L) < 0.5 62200 21 6 10 13100 6 6360 503 < 1 
Lake 13 Site 3 (Pontoon L) < 0.5 10100 16 5 15 8690 < 5 3820 284 < 1 
Lake 14 Site 1 0.7 3990 36 10 23 22400 9 7410 233 < 1 
Lake 14 Site 2 1.3 6500 35 12 29 22900 11 8040 306 1 
Lake 14 Site 3 1.4 6230 40 13 29 25600 13 9330 274 1 
Lake 15 Site 1 (Great Slave) < 0.5 2890 30 8 37 18000 10 5900 316 < 1 
Lake 15 Site 2 (Great Slave) < 0.5 2290 26 7 44 14700 9 4890 174 < 1 
Lake 15 Site 3 (Great Slave) < 0.5 2280 23 6 10 13300 7 4310 226 < 1 
Lake 16 Site 1 0.8 8120 26 8 18 13200 7 5330 314 < 1 
Lake 16 Site 2 < 0.5 5900 42 12 21 21200 10 8690 303 < 1 
Lake 16 Site 3 1.8 6960 17 6 15 11500 < 5 4010 387 1 
Lake 17 Site 1 0.7 8770 8 4 11 6480 < 5 1910 319 < 1 
Lake 17 Site 2 < 0.5 6670 10 4 10 5930 < 5 2300 171 < 1 
Lake 17 Site 3 < 0.5 10600 10 4 14 6550 < 5 2680 316 < 1 
Lake 18 Site 1 < 0.5 18600 18 6 18 11200 < 5 11600 211 < 1 
Lake 18 Site 2 0.7 16100 40 12 24 22400 11 16100 279 < 1 
Lake 18 Site 3 1.1 8130 15 5 20 8890 < 5 4760 199 1 
Lake 19 Site 1 < 0.5 1070 6 2 4 3900 < 5 1000 68 < 1 
Lake 19 Site 2 1.6 3400 19 8 12 13600 < 5 1860 241 5 
Lake 19 Site 3 1 1940 10 6 8 11800 < 5 1820 312 2 
Lake 19 Site 4 < 0.5 910 4 1 2 3920 < 5 910 71 < 1 

µg/g - microgram/gram; MDL - method detection limit; TP - total Phosphorous 
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Table 4: continued 
Element P K Si Ag Na Sr Tin Sn W 
Unit µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g 
MDL 5 30 1 0.2 20 1 10 1 200 

Reference method EPA 6010 EPA 6010 EPA 6010 EPA 6010 EPA 6010 EPA 6010 EPA 6010 EPA 6010 EPA 6010 

Prosperous Site 1 26 2080 127 < 0.2 360 21 < 10 604 < 200 
Prosperous Site 2 25 2370 140 < 0.2 320 22 < 10 562 < 200 
South of Tibbitt Site 1 72 1320 70 < 0.2 900 64 < 10 120 < 200 
South of Tibbitt Site 2 90 1270 279 < 0.2 730 58 < 10 142 < 200 
Lake 3 Site 1 53 640 77 < 0.2 420 54 < 10 75 < 200 
Lake 3 Site 2 79 730 99 < 0.2 580 54 < 10 80 < 200 
Lake 4 Site 1 (Reid Lake) 22 900 82 < 0.2 200 8 < 10 223 < 200 
Lake 5 Site 1 30 850 98 < 0.2 520 39 < 10 126 < 200 
Lake 5 Site 2 83 1090 71 < 0.2 510 48 < 10 124 < 200 
Lake 6 Site 1 101 1590 145 < 0.2 860 48 < 10 143 < 200 
Lake 6 Site 2 96 1180 87 < 0.2 580 42 < 10 131 < 200 
Lake 6 Site 3 44 940 99 < 0.2 530 44 < 10 112 < 200 
Lake 7 Site 1 110 860 93 < 0.2 480 57 < 10 103 < 200 
Lake 7 Site 2 194 1060 126 < 0.2 660 52 < 10 107 < 200 
Lake 7 Site 3 57 590 138 < 0.2 280 58 < 10 84 < 200 
Lake 8 Site 1 100 610 120 < 0.2 400 56 < 10 89 < 200 
Lake 8 Site 2 161 810 177 < 0.2 1190 69 < 10 64 < 200 
Lake 8 Site 3 47 500 122 < 0.2 1160 56 < 10 70 < 200 
Lake 9 dock 35 1860 189 < 0.2 220 29 < 10 422 < 200 
Lake 10 Site 1 30 2440 241 < 0.2 520 38 < 10 488 < 200 
Lake 10 Site 2 13 3130 263 < 0.2 410 37 < 10 653 < 200 
Lake 10 Site 3 45 3570 282 < 0.2 610 44 < 10 598 < 200 
Lake 11 Site 1 66 970 133 < 0.2 320 48 < 10 174 < 200 
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Table 4: continued 
Element P K Si Ag Na Sr Tin Sn W 
Lake 11 Site 2 55 750 149 < 0.2 230 47 < 10 131 < 200 
Lake 11 Site 3 101 660 184 < 0.2 520 66 < 10 79 < 200 
Lake 12 Site 1 55 1620 162 < 0.2 990 53 < 10 192 < 200 
Lake 12 Site 2 36 1210 153 < 0.2 640 44 < 10 166 < 200 
Lake 12 Site 3 56 2760 207 < 0.2 950 63 < 10 293 < 200 
Lake 13 Site 1 (Pontoon L) 441 1850 276 < 0.2 1020 28 < 10 380 < 200 
Lake 13 Site 2 (Pontoon L) 460 2080 208 < 0.2 560 112 < 10 395 < 200 
Lake 13 Site 3 (Pontoon L) 619 1430 224 < 0.2 1800 37 < 10 212 < 200 
Lake 14 Site 1 950 2640 263 < 0.2 570 26 < 10 613 < 200 
Lake 14 Site 2 829 3400 259 < 0.2 720 44 < 10 596 < 200 
Lake 14 Site 3 750 3550 341 < 0.2 550 40 < 10 641 < 200 
Lake 15 Site 1 (Great Slave) 671 2200 265 0.2 1200 16 < 10 498 < 200 
Lake 15 Site 2 (Great Slave) 487 1520 289 < 0.2 930 12 < 10 442 < 200 
Lake 15 Site 3 (Great Slave) 528 1430 328 < 0.2 810 11 < 10 395 < 200 
Lake 16 Site 1 541 1850 217 < 0.2 450 39 < 10 406 < 200 
Lake 16 Site 2 535 3420 442 < 0.2 330 33 < 10 661 < 200 
Lake 16 Site 3 665 1640 163 0.4 540 31 < 10 242 < 200 
Lake 17 Site 1 406 550 133 < 0.2 430 42 < 10 111 < 200 
Lake 17 Site 2 324 680 177 < 0.2 430 34 < 10 167 < 200 
Lake 17 Site 3 349 680 149 < 0.2 470 52 < 10 156 < 200 
Lake 18 Site 1 468 1420 154 < 0.2 560 40 < 10 280 < 200 
Lake 18 Site 2 595 3430 228 < 0.2 600 35 < 10 652 < 200 
Lake 18 Site 3 660 1270 173 < 0.2 530 36 < 10 204 < 200 
Lake 19 Site 1 271 140 188 < 0.2 120 3 < 10 67 < 200 
Lake 19 Site 2 498 370 175 < 0.2 360 11 < 10 152 < 200 
Lake 19 Site 3 411 270 200 < 0.2 950 6 < 10 101 < 200 
Lake 19 Site 4 264 90 132 < 0.2 180 2 < 10 56 < 200 
µg/g - microgram/gram; MDL - method detection limit; TP - total Phosphorous 
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Table 4: continued 
Element V Yt Zn Zi 
Unit µg/g µg/g µg/g µg/g 
MDL 1 0.5 1 0.1 

Reference method EPA 6010 EPA 6010 EPA 6010 EPA 6010 

Prosperous Site 1 36 8.3 68 3 
Prosperous Site 2 35 8.9 50 1.6 
South of Tibbitt Site 1 14 3.9 72 0.7 
South of Tibbitt Site 2 14 4.1 75 2.5 
Lake 3 Site 1 7 1.8 124 < 0.1 
Lake 3 Site 2 7 2.1 131 0.6 
Lake 4 Site 1 (Reid Lake) 13 3.4 22 0.7 
Lake 5 Site 1 9 2.5 43 2 
Lake 5 Site 2 13 2.9 67 1.7 
Lake 6 Site 1 15 2.8 88 0.4 
Lake 6 Site 2 14 3.1 109 < 0.1 
Lake 6 Site 3 13 3.1 95 0.5 
Lake 7 Site 1 11 2.3 73 1 
Lake 7 Site 2 12 2.3 59 1.1 
Lake 7 Site 3 8 2.6 44 2.3 
Lake 8 Site 1 7 2.5 36 1.2 
Lake 8 Site 2 7 2 48 1.1 
Lake 8 Site 3 6 2.4 31 1 
Lake 9 dock 21 6.9 45 2.4 
Lake 10 Site 1 37 9.6 56 1.8 
Lake 10 Site 2 41 10.2 57 6.6 
Lake 10 Site 3 42 8.9 69 1.9 
Lake 11 Site 1 15 4.1 45 0.4 
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Table 4: continued 
Element V Yt Zn Zi 
Lake 11 Site 2 12 3.7 40 1 
Lake 11 Site 3 10 2.7 38 0.2 
Lake 12 Site 1 15 3.6 57 3.1 
Lake 12 Site 2 12 3.3 40 3.3 
Lake 12 Site 3 23 4.7 72 4.3 
Lake 13 Site 1 (Pontoon L) 21 4.8 42 3.6 
Lake 13 Site 2 (Pontoon L) 23 4.8 36 1.7 
Lake 13 Site 3 (Pontoon L) 16 3.3 53 1 
Lake 14 Site 1 37 6.8 62 6 
Lake 14 Site 2 40 7.6 69 3.9 
Lake 14 Site 3 44 8.1 74 5.8 
Lake 15 Site 1 (Great Slave) 30 6.9 71 0.7 
Lake 15 Site 2 (Great Slave) 26 6.3 51 2.5 
Lake 15 Site 3 (Great Slave) 23 5.3 35 1.4 
Lake 16 Site 1 24 6.1 69 4.1 
Lake 16 Site 2 40 7.8 90 3.6 
Lake 16 Site 3 18 4.1 95 2 
Lake 17 Site 1 7 2.3 42 1.8 
Lake 17 Site 2 9 2.9 42 1.9 
Lake 17 Site 3 9 3.6 51 2.3 
Lake 18 Site 1 20 5 112 0.7 
Lake 18 Site 2 43 7.5 121 3.7 
Lake 18 Site 3 18 4.4 215 0.6 
Lake 19 Site 1 6 2.6 10 0.3 
Lake 19 Site 2 19 6.5 34 2 
Lake 19 Site 3 11 3.6 27 0.4 
Lake 19 Site 4 5 1.5 11 < 0.1 
µg/g - microgram/gram; MDL - method detection limit; TP - total Phosphorous 































United Nations Declaration on the Rights of 
Indigenous Peoples

 

Adopted by General Assembly Resolution 61/295 on 13 September 2007      

The General Assembly, 
Guided by the purposes and principles of the Charter of the United Nations, and good faith in the 
fulfilment of the obligations assumed by States in accordance with the Charter, 
 
Affirming that indigenous peoples are equal to all other peoples, while recognizing the right of all 
peoples to be different, to consider themselves different, and to be respected as such, 
 
Affirming also that all peoples contribute to the diversity and richness of civilizations and cultures, 
which constitute the common heritage of humankind, 
 
Affirming further that all doctrines, policies and practices based on or advocating superiority of 
peoples or individuals on the basis of national origin or racial, religious, ethnic or cultural differences 
are racist, scientifically false, legally invalid, morally condemnable and socially unjust, 
 
Reaffirming that indigenous peoples, in the exercise of their rights, should be free from discrimination 
of any kind, 
 
Concerned that indigenous peoples have suffered from historic injustices as a result of, inter alia, their 
colonization and dispossession of their lands, territories and resources, thus preventing them from 
exercising, in particular, their right to development in accordance with their own needs and interests, 
 
Recognizing the urgent need to respect and promote the inherent rights of indigenous peoples which 
derive from their political, economic and social structures and from their cultures, spiritual traditions, 
histories and philosophies, especially their rights to their lands, territories and resources, 
 
Recognizing also the urgent need to respect and promote the rights of indigenous peoples affirmed in 
treaties, agreements and other constructive arrangements with States, 
 
Welcoming the fact that indigenous peoples are organizing themselves for political, economic, social 
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and cultural enhancement and in order to bring to an end all forms of discrimination and oppression 
wherever they occur, 
 
Convinced that control by indigenous peoples over developments affecting them and their lands, 
territories and resources will enable them to maintain and strengthen their institutions, cultures and 
traditions, and to promote their development in accordance with their aspirations and needs, 
 
Recognizing that respect for indigenous knowledge, cultures and traditional practices contributes to 
sustainable and equitable development and proper management of the environment, 
 
Emphasizing the contribution of the demilitarization of the lands and territories of indigenous peoples 
to peace, economic and social progress and development, understanding and friendly relations among 
nations and peoples of the world, 
 
Recognizing in particular the right of indigenous families and communities to retain shared 
responsibility for the upbringing, training, education and well-being of their children, consistent with 
the rights of the child, 
 
Considering that the rights affirmed in treaties, agreements and other constructive arrangements 
between States and indigenous peoples are, in some situations, matters of international concern, 
interest, responsibility and character, 
 
Considering also that treaties, agreements and other constructive arrangements, and the relationship 
they represent, are the basis for a strengthened partnership between indigenous peoples and States, 
 
Acknowledging that the Charter of the United Nations, the International Covenant on Economic, 
Social and Cultural Rights (2) and the International Covenant on Civil and Political Rights,2 as well 
as the Vienna Declaration and Programme of Action,(3) affirm the fundamental importance of the 
right to self-determination of all peoples, by virtue of which they freely determine their political status 
and freely pursue their economic, social and cultural development, 
 
Bearing in mind that nothing in this Declaration may be used to deny any peoples their right to self-
determination, exercised in conformity with international law, 
 
Convinced that the recognition of the rights of indigenous peoples in this Declaration will enhance 
harmonious and cooperative relations between the State and indigenous peoples, based on principles 
of justice, democracy, respect for human rights, non-discrimination and good faith, 
 
Encouraging States to comply with and effectively implement all their obligations as they apply to 
indigenous peoples under international instruments, in particular those related to human rights, in 
consultation and cooperation with the peoples concerned,

Emphasizing that the United Nations has an important and continuing role to play in promoting and 
protecting the rights of indigenous peoples, 
 
Believing that this Declaration is a further important step forward for the recognition, promotion and 
protection of the rights and freedoms of indigenous peoples and in the development of relevant 
activities of the United Nations system in this field, 
 
Recognizing and reaffirming that indigenous individuals are entitled without discrimination to all 
human rights recognized in international law, and that indigenous peoples possess collective rights 
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which are indispensable for their existence, well-being and integral development as peoples, 
 
Recognizing that the situation of indigenous peoples varies from region to region and from country to 
country and that the significance of national and regional particularities and various historical and 
cultural backgrounds should be taken into consideration, 
 
Solemnly proclaims the following United Nations Declaration on the Rights of Indigenous Peoples as 
a standard of achievement to be pursued in a spirit of partnership and mutual respect:

Article 1 
Indigenous peoples have the right to the full enjoyment, as a collective or as individuals, of all human 
rights and fundamental freedoms as recognized in the Charter of the United Nations, the Universal 
Declaration of Human Rights(4) and international human rights law.

Article 2 
Indigenous peoples and individuals are free and equal to all other peoples and individuals and have 
the right to be free from any kind of discrimination, in the exercise of their rights, in particular that 
based on their indigenous origin or identity.

Article 3 
Indigenous peoples have the right to self-determination. By virtue of that right they freely determine 
their political status and freely pursue their economic, social and cultural development.

Article 4 
Indigenous peoples, in exercising their right to self-determination, have the right to autonomy or self-
government in matters relating to their internal and local affairs, as well as ways and means for 
financing their autonomous functions.

Article 5 
Indigenous peoples have the right to maintain and strengthen their distinct political, legal, economic, 
social and cultural institutions, while retaining their right to participate fully, if they so choose, in the 
political, economic, social and cultural life of the State.

Article 6 
Every indigenous individual has the right to a nationality.

Article 7 
1. Indigenous individuals have the rights to life, physical and mental integrity, liberty and security of 
person. 
2. Indigenous peoples have the collective right to live in freedom, peace and security as distinct 
peoples and shall not be subjected to any act of genocide or any other act of violence, including 
forcibly removing children of the group to another group.

Article 8 
1. Indigenous peoples and individuals have the right not to be subjected to forced assimilation or 
destruction of their culture. 
2. States shall provide effective mechanisms for prevention of, and redress for: 
(a) Any action which has the aim or effect of depriving them of their integrity as distinct peoples, or 
of their cultural values or ethnic identities; 
(b) Any action which has the aim or effect of dispossessing them of their lands, territories or 
resources; 
(c) Any form of forced population transfer which has the aim or effect of violating or undermining 
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any of their rights; 
(d) Any form of forced assimilation or integration; 
(e) Any form of propaganda designed to promote or incite racial or ethnic discrimination directed 
against them.

Article 9 
Indigenous peoples and individuals have the right to belong to an indigenous community or nation, in 
accordance with the traditions and customs of the community or nation concerned. No discrimination 
of any kind may arise from the exercise of such a right.

Article 10 
Indigenous peoples shall not be forcibly removed from their lands or territories. No relocation shall 
take place without the free, prior and informed consent of the indigenous peoples concerned and after 
agreement on just and fair compensation and, where possible, with the option of return.

Article 11 
1. Indigenous peoples have the right to practise and revitalize their cultural traditions and customs. 
This includes the right to maintain, protect and develop the past, present and future manifestations of 
their cultures, such as archaeological and historical sites, artefacts, designs, ceremonies, technologies 
and visual and performing arts and literature. 
2. States shall provide redress through effective mechanisms, which may include restitution, 
developed in conjunction with indigenous peoples, with respect to their cultural, intellectual, religious 
and spiritual property taken without their free, prior and informed consent or in violation of their laws, 
traditions and customs.

Article 12 
1. Indigenous peoples have the right to manifest, practise, develop and teach their spiritual and 
religious traditions, customs and ceremonies; the right to maintain, protect, and have access in privacy 
to their religious and cultural sites; the right to the use and control of their ceremonial objects; and the 
right to the repatriation of their human remains. 
2. States shall seek to enable the access and/or repatriation of ceremonial objects and human remains 
in their possession through fair, transparent and effective mechanisms developed in conjunction with 
indigenous peoples concerned.

Article 13 
1. Indigenous peoples have the right to revitalize, use, develop and transmit to future generations their 
histories, languages, oral traditions, philosophies, writing systems and literatures, and to designate and 
retain their own names for communities, places and persons. 
2. States shall take effective measures to ensure that this right is protected and also to ensure that 
indigenous peoples can understand and be understood in political, legal and administrative 
proceedings, where necessary through the provision of interpretation or by other appropriate means.

Article 14 
1. Indigenous peoples have the right to establish and control their educational systems and institutions 
providing education in their own languages, in a manner appropriate to their cultural methods of 
teaching and learning. 
2. Indigenous individuals, particularly children, have the right to all levels and forms of education of 
the State without discrimination. 
3. States shall, in conjunction with indigenous peoples, take effective measures, in order for 
indigenous individuals, particularly children, including those living outside their communities, to have 
access, when possible, to an education in their own culture and provided in their own language.
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Article 15 
1. Indigenous peoples have the right to the dignity and diversity of their cultures, traditions, histories 
and aspirations which shall be appropriately reflected in education and public information. 
2. States shall take effective measures, in consultation and cooperation with the indigenous peoples 
concerned, to combat prejudice and eliminate discrimination and to promote tolerance, understanding 
and good relations among indigenous peoples and all other segments of society.

Article 16 
1. Indigenous peoples have the right to establish their own media in their own languages and to have 
access to all forms of non-indigenous media without discrimination. 
2. States shall take effective measures to ensure that State-owned media duly reflect indigenous 
cultural diversity. States, without prejudice to ensuring full freedom of expression, should encourage 
privately owned media to adequately reflect indigenous cultural diversity.

Article 17 
1. Indigenous individuals and peoples have the right to enjoy fully all rights established under 
applicable international and domestic labour law. 
2. States shall in consultation and cooperation with indigenous peoples take specific measures to 
protect indigenous children from economic exploitation and from performing any work that is likely 
to be hazardous or to interfere with the child’s education, or to be harmful to the child’s health or 
physical, mental, spiritual, moral or social development, taking into account their special vulnerability 
and the importance of education for their empowerment. 
3. Indigenous individuals have the right not to be subjected to any discriminatory conditions of labour 
and, inter alia, employment or salary.

Article 18 
Indigenous peoples have the right to participate in decision-making in matters which would affect 
their rights, through representatives chosen by themselves in accordance with their own procedures, 
as well as to maintain and develop their own indigenous decision-making institutions.

Article 19 
States shall consult and cooperate in good faith with the indigenous peoples concerned through their 
own representative institutions in order to obtain their free, prior and informed consent before 
adopting and implementing legislative or administrative measures that may affect them.

Article 20 
1. Indigenous peoples have the right to maintain and develop their political, economic and social 
systems or institutions, to be secure in the enjoyment of their own means of subsistence and 
development, and to engage freely in all their traditional and other economic activities. 
2. Indigenous peoples deprived of their means of subsistence and development are entitled to just and 
fair redress. 

Article 21 
1. Indigenous peoples have the right, without discrimination, to the improvement of their economic 
and social conditions, including, inter alia, in the areas of education, employment, vocational training 
and retraining, housing, sanitation, health and social security. 
2. States shall take effective measures and, where appropriate, special measures to ensure continuing 
improvement of their economic and social conditions. Particular attention shall be paid to the rights 
and special needs of indigenous elders, women, youth, children and persons with disabilities.

Article 22 
1. Particular attention shall be paid to the rights and special needs of indigenous elders, women, 
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youth, children and persons with disabilities in the implementation of this Declaration. 
2. States shall take measures, in conjunction with indigenous peoples, to ensure that indigenous 
women and children enjoy the full protection and guarantees against all forms of violence and 
discrimination.

Article 23 
Indigenous peoples have the right to determine and develop priorities and strategies for exercising 
their right to development. In particular, indigenous peoples have the right to be actively involved in 
developing and determining health, housing and other economic and social programmes affecting 
them and, as far as possible, to administer such programmes through their own institutions.

Article 24 
1. Indigenous peoples have the right to their traditional medicines and to maintain their health 
practices, including the conservation of their vital medicinal plants, animals and minerals. Indigenous 
individuals also have the right to access, without any discrimination, to all social and health services. 
2. Indigenous individuals have an equal right to the enjoyment of the highest attainable standard of 
physical and mental health. States shall take the necessary steps with a view to achieving 
progressively the full realization of this right.

Article 25 
Indigenous peoples have the right to maintain and strengthen their distinctive spiritual relationship 
with their traditionally owned or otherwise occupied and used lands, territories, waters and coastal 
seas and other resources and to uphold their responsibilities to future generations in this regard.

Article 26 
1. Indigenous peoples have the right to the lands, territories and resources which they have 
traditionally owned, occupied or otherwise used or acquired. 
2. Indigenous peoples have the right to own, use, develop and control the lands, territories and 
resources that they possess by reason of traditional ownership or other traditional occupation or use, 
as well as those which they have otherwise acquired. 
3. States shall give legal recognition and protection to these lands, territories and resources. Such 
recognition shall be conducted with due respect to the customs, traditions and land tenure systems of 
the indigenous peoples concerned.

Article 27 
States shall establish and implement, in conjunction with indigenous peoples concerned, a fair, 
independent, impartial, open and transparent process, giving due recognition to indigenous peoples’ 
laws, traditions, customs and land tenure systems, to recognize and adjudicate the rights of indigenous 
peoples pertaining to their lands, territories and resources, including those which were traditionally 
owned or otherwise occupied or used. Indigenous peoples shall have the right to participate in this 
process.

Article 28 
1. Indigenous peoples have the right to redress, by means that can include restitution or, when this is 
not possible, just, fair and equitable compensation, for the lands, territories and resources which they 
have traditionally owned or otherwise occupied or used, and which have been confiscated, taken, 
occupied, used or damaged without their free, prior and informed consent. 
2. Unless otherwise freely agreed upon by the peoples concerned, compensation shall take the form of 
lands, territories and resources equal in quality, size and legal status or of monetary compensation or 
other appropriate redress.
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Article 29 
1. Indigenous peoples have the right to the conservation and protection of the environment and the 
productive capacity of their lands or territories and resources. States shall establish and implement 
assistance programmes for indigenous peoples for such conservation and protection, without 
discrimination. 
2. States shall take effective measures to ensure that no storage or disposal of hazardous materials 
shall take place in the lands or territories of indigenous peoples without their free, prior and informed 
consent.  
3. States shall also take effective measures to ensure, as needed, that programmes for monitoring, 
maintaining and restoring the health of indigenous peoples, as developed and implemented by the 
peoples affected by such materials, are duly implemented.

Article 30 
1. Military activities shall not take place in the lands or territories of indigenous peoples, unless 
justified by a relevant public interest or otherwise freely agreed with or requested by the indigenous 
peoples concerned. 
2. States shall undertake effective consultations with the indigenous peoples concerned, through 
appropriate procedures and in particular through their representative institutions, prior to using their 
lands or territories for military activities.

Article 31 
1. Indigenous peoples have the right to maintain, control, protect and develop their cultural heritage, 
traditional knowledge and traditional cultural expressions, as well as the manifestations of their 
sciences, technologies and cultures, including human and genetic resources, seeds, medicines, 
knowledge of the properties of fauna and flora, oral traditions, literatures, designs, sports and 
traditional games and visual and performing arts. They also have the right to maintain, control, protect 
and develop their intellectual property over such cultural heritage, traditional knowledge, and 
traditional cultural expressions. 
2. In conjunction with indigenous peoples, States shall take effective measures to recognize and 
protect the exercise of these rights.

Article 32 
1. Indigenous peoples have the right to determine and develop priorities and strategies for the 
development or use of their lands or territories and other resources. 
2. States shall consult and cooperate in good faith with the indigenous peoples concerned through 
their own representative institutions in order to obtain their free and informed consent prior to the 
approval of any project affecting their lands or territories and other resources, particularly in 
connection with the development, utilization or exploitation of mineral, water or other resources. 
3. States shall provide effective mechanisms for just and fair redress for any such activities, and 
appropriate measures shall be taken to mitigate adverse environmental, economic, social, cultural or 
spiritual impact.

Article 33 
1. Indigenous peoples have the right to determine their own identity or membership in accordance 
with their customs and traditions. This does not impair the right of indigenous individuals to obtain 
citizenship of the States in which they live. 
2. Indigenous peoples have the right to determine the structures and to select the membership of their 
institutions in accordance with their own procedures.

Article 34 
Indigenous peoples have the right to promote, develop and maintain their institutional structures and 
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their distinctive customs, spirituality, traditions, procedures, practices and, in the cases where they 
exist, juridical systems or customs, in accordance with international human rights standards.

Article 35 
Indigenous peoples have the right to determine the responsibilities of individuals to their 
communities.

Article 36 
1. Indigenous peoples, in particular those divided by international borders, have the right to maintain 
and develop contacts, relations and cooperation, including activities for spiritual, cultural, political, 
economic and social purposes, with their own members as well as other peoples across borders. 
2. States, in consultation and cooperation with indigenous peoples, shall take effective measures to 
facilitate the exercise and ensure the implementation of this right.

Article 37 
1. Indigenous peoples have the right to the recognition, observance and enforcement of treaties, 
agreements and other constructive arrangements concluded with States or their successors and to have 
States honour and respect such treaties, agreements and other constructive arrangements. 
2. Nothing in this Declaration may be interpreted as diminishing or eliminating the rights of 
indigenous peoples contained in treaties, agreements and other constructive arrangements.

Article 38 
States in consultation and cooperation with indigenous peoples, shall take the appropriate measures, 
including legislative measures, to achieve the ends of this Declaration.

Article 39 
Indigenous peoples have the right to have access to financial and technical assistance from States and 
through international cooperation, for the enjoyment of the rights contained in this Declaration.

Article 40 
Indigenous peoples have the right to access to and prompt decision through just and fair procedures 
for the resolution of conflicts and disputes with States or other parties, as well as to effective remedies 
for all infringements of their individual and collective rights. Such a decision shall give due 
consideration to the customs, traditions, rules and legal systems of the indigenous peoples concerned 
and international human rights.

Article 41 
The organs and specialized agencies of the United Nations system and other intergovernmental 
organizations shall contribute to the full realization of the provisions of this Declaration through the 
mobilization, inter alia, of financial cooperation and technical assistance. Ways and means of ensuring 
participation of indigenous peoples on issues affecting them shall be established.

Article 42 
The United Nations, its bodies, including the Permanent Forum on Indigenous Issues, and specialized 
agencies, including at the country level, and States shall promote respect for and full application of 
the provisions of this Declaration and follow up the effectiveness of this Declaration.

Article 43 
The rights recognized herein constitute the minimum standards for the survival, dignity and well-
being of the indigenous peoples of the world.
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Article 44 
All the rights and freedoms recognized herein are equally guaranteed to male and female indigenous 
individuals.

Article 45 
Nothing in this Declaration may be construed as diminishing or extinguishing the rights indigenous 
peoples have now or may acquire in the future.

Article 46 
1. Nothing in this Declaration may be interpreted as implying for any State, people, group or person 
any right to engage in any activity or to perform any act contrary to the Charter of the United Nations 
or construed as authorizing or encouraging any action which would dismember or impair, totally or in 
part, the territorial integrity or political unity of sovereign and independent States. 
2. In the exercise of the rights enunciated in the present Declaration, human rights and fundamental 
freedoms of all shall be respected. The exercise of the rights set forth in this Declaration shall be 
subject only to such limitations as are determined by law and in accordance with international human 
rights obligations. Any such limitations shall be non-discriminatory and strictly necessary solely for 
the purpose of securing due recognition and respect for the rights and freedoms of others and for 
meeting the just and most compelling requirements of a democratic society. 
3. The provisions set forth in this Declaration shall be interpreted in accordance with the principles of 
justice, democracy, respect for human rights, equality, non-discrimination, good governance and good 
faith.

 

 (2) See resolution 2200 A (XXI), annex.

 (3) A/CONF.157/24 (Part I), chap. III.

 (4) Resolution 217 A (III).
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